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Chapter 1

Economic Growth, Sectoral Structure and Unemployment:

An Introduction

This chapter first recapitulates the stylized facts that have motivated the theoretical
research reported on in this thesis. From these facts, two central questions
emerge, namely (i) how are growth and unemployment related, and (ii) how are
growth and the sectoral structure of an economy related. We will proceed by
giving an overview of literature that has so far addressed these questions. Finally,
we will give an overview of the organization and contents of this thesis.

1.1  Motivation

Productivity levels, productivity growth, unemployment rates, and the degree of indus-
trialization are important indicators   of the economic performance of countries. Consider-
ing evidence on these indicators reveals various trends, and differences as well as
similarities between countries.   In this thesis,   we will develop theoretical models   that  may
contribute to a better understanding of the determinants of the wealth of nations. In
particular, we are interested in the question as to which factors determine economic
growth, unemployment and the sectoral composition of economies, as well as their
interrelatedness.

The  USA  is the leader country  in the world economy, while European countries
predominantly behave like follower countries. This leader-follower dichotomy is useful  in
characterizing post-war developments  in the world economy.   In the period following
World War II (1950-1973), European countries experienced a much faster growth in
labour productivity than the USA. This period is referred to by Maddison (1995, p. 73)
as  'a  golden  age of unparalleled prosperity'. The rapid growth led European countries  to
catch up with the USA. This process of convergence stagnated in the early 19705. From
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then on, convergence slowed down and European productivity began to stabilize at levels

that were significantly lower than those achieved in the USA (which we will often refer to

as a pattern of relative convergence). This trend in relative productivity levels can be
observed both on a macroeconomic and a sectoral level and applies in terms of both total
factor productivity and labour productivity as illustrated by several data-sources such as

Van Ark and Pilat (1993), Bernard and Jones (1996), Dollar and Wolff (1993), Maddison

(1991 and 1995), McKinsey Global Institute (1996), OECD (1993 and 1997), Pilat

(1996), and Summers and Heston (1991; PWT 5.6).

Productivity growth in all advanced countries, not only in Europe, has significant-
ly declined since the early seventies (e.g., Maddison (1995, Table  3-18)).   For  a  long
time, this decline was associated with the temporary turmoil that resulted from the first
oil crisis and the breakdown in the Bretton Woods system of fixed exchange rates. These

shocks were evidently bound to lower growth rates. However, the persistence with which
growth rates have remained at low levels relative to the early post-war period suggests

that  deeper, more structural factors are operating. For Europe,  part  of the explanation  for

the decline in growth performance can be traced back to a reduced potential for catching

up  with  the  USA  (e.g.,  Van de Klundert  and Van Schaik (1996)). However,  the  US

economy has also witnessed a persistent decline in growth rates of productivity. Accord-

ing to Maddison (1995 , p. 86), performance in terms of both labour- and total factor

productivity growth   in   the   USA   'has been worse   than   at   any time since    1870'.   This

suggests that the slowdown of growth cannot only be explained on the basis of temporary

adverse shocks and the erosion of special supply-side factors like the scope for catching

up that resulted in the extraordinary growth in Europe's golden age (1950-1973). Several

additional explanations have been put forward. Some have argued that output growth has

been mismeasured, especially   due to difficulties of measuring computer output. Others

have focused on structural changes that have taken place and that have led to significant

movements towards the service sector where productivity growth is almost characteristi-
cally slow. A third view is that the pay-off of information and communication technology

has been delayed due to problems of adaption of a new techno-economic paradigm (David
(1991)). Finally, it may simply be the case that the easy inventions have been exploited

and that there  is  less  left to discover (e.g., Jones (19953)). No general consensus  has  yet

been reached, however, on what factors ultimately caused growth to slow down.
Another striking difference in performance between Europe and the USA is
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observed with respect to unemployment  (e.g.,  Bean (1994)). Europe witnessed historically
unprecedented low unemployment rates in the 1950s and 1960s that started to rise
stepwise afterwards. After each recession, unemployment rates are at levels that exceed
those reached at the end of the previous recession. This phenomenon is at odds with the
traditional macroeconomic paradigm according to which there is a natural rate of
unemployment to which economies are assumed to revert in the medium run. The average

unemployment rate in Europe is presently at a double-digit level, with unemployment
rates in Southern European countries at around  20%. The generous welfare state  that  was
developed in Europe in its golden age is an important element in the explanation of this
performance. Once Europe was hit by adverse shocks, the social security arrangements
acted as an obstacle to re-employment (€L Maddison (1995)). Other potential candidates
for explaining Europe's bad employment performance are the strength of trade unions,
high taxes on labour, and poor educational standards at the bottom of the labour market
combined with for example high minimum wages (cf Nickell (1997)). In contrast to the
stepwise increases in European unemployment rates, the US unemployment rate period-

ically returns  to its 'natural  rate' of approximately  6%.
A final stylized fact to which we want to draw attention is the process of

deindustrialization that is witnessed in all advanced economies. During their development,
all countries are transformed from mainly agricultural societies to more industrialized and
service oriented economies (e.g., Maddison  (1991)).  At some point  in time, countries
attain a degree of maturity after which employment shares in manufacturing start to
decline. Currently, all advanced economies are in the latter phase of development.
Employment shares in the service sector are growing at the expense of both the agricul-
tural and the manufacturing sector. Changes in the share of GDP measured at constant
prices are much less pronounced than those in the allocation of labour. Nevertheless,
there is some tendency for the service share to rise and the agricultural share to decline.

The advent of theories of endogenous growth is certainly inspired by some of
these trends. The productivity slowdown in particular is often held responsible for the
renewed interest in theories of economic growth. In addition, the availability of new
theoretical tools that allowed economists to study economies in which the assumptions of
perfect competition and constant returns to scale were violated has been of importance
(e.g.,   Stern  (1991)). The strength  of  the  new (or endogenous) growth theory  lies  in
explaining and endogenizing the 'measure of ignorance' in neoclassical theories of
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growth, which is the exogenously given rate of technological progress. Another new
aspect of the endogenous growth theory compared to its neoclassical counterpart is that it

explicitly incorporates microeconomic foundations with a strong focus on increasing
returns, externalities and imperfect competition. Also, institutions defined  as  ' . . . the rules

of the game in a society or, more formally, the humanly devised constraints that shape

human interaction' ((f North (1990, p. 3) are explicitly recognized as being important for
understanding growth and the relative wealth of nations. The new wave of models of

growth has identified learning by doing (Romer (1986), schooling (Lucas (1988)),
research and development (Romer (1990), Grossman and Helpman (1991), Aghion and
Howitt (1992)), trade (Grossman and Helpman (1991)), and savings behaviour as import-
ant determinants of the long-run growth performance of economies (for extensive

overviews and discussions as well as technical details of the state of affairs in growth
theory, we refer to Van de Klundert and Smulders (1992), Barro and Sala-i-Martin

(1995), and Aghion and Howitt (1998)). In these theories of endogenous growth,

technological progress no longer 'falls like manna from heaven' but results, intentionally

or not, from deliberate actions taken by economic actors.

Several intriguing questions emerge from the above-mentioned evidence which we

will address in this thesis. Why are European productivity levels stagnating at levels that

are significantly and persistently lower than those achieved in the USA? What explains

the slowdown in economic growth? Do maturing economies unavoidably experience a

process of deindustrialization? Are economic growth and unemployment interdependent?
How can macroeconomic developments be traced back to developments on a sectoral

level? Is the sectoral composition of economies optimal from a social point of view, or
can policy be used to improve on the inter- and intrasectoral allocation of labour? Are
social security systems bad for growth? Can current strategies of downsizing and
outsourcing of non-core activities engaged in by many firms (partly) be held responsible
for changes and differences in growth performance, unemployment and the sectoral

composition of economies? All these questions can be grouped under the heading of three

broad questions that will be the 'thread' in the three parts that constitute this thesis. Part I

addresses the relative performance of countries with a sharp focus on sectoral and

institutional structures. This allows us to study to what extent the catching up of countries

with the USA can be accounted for by the size of the productivity gap, the behaviour of
internationally competitive and growth enhancing firms, and the interaction of labour
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market institutions  with the sectoral composition  of the economy.   In  part  II, the emphasis
will be more explicitly on the relationship between growth and unemployment. We will
deal with the effects of various labour market institutions on growth, unemployment, and
their interrelatedness. Finally, in part III we pay attention to the relationship between the
sectoral composition of an economy and economic growth. Models will be developed that
allow us to study the determinants of the changing sectoral allocation of labour as well as
its social optimality and its interrelatedness with economic growth.

In the remainder of this chapter, we will give an overview of the literature
addressing the relationships between growth, unemployment and the sectoral composition
of  economies. We conclude in section   1.4 by giving an outline  of the contents  and
organization of the thesis.

1.2    Unemployment and growtht

This section will describe currently available insights in the relationship between long-run
growth and unemployment. For a long time, the general notion has been that no relation-

ship between long-run growth and unemployment exists. As a consequence, research on
growth and on unemployment was carried out independently. For more than thirty years,

the standard instrument for analyzing economic growth was the neoclassical growth
theory as developed independently by Solow  (1956)  and  Swan  (1956).  The main shortco-
ming  of this theory  was  that  it  did not provide an explanation  for the 'engine of growth',
the exogenously given rate of technological progress. Labour markets in this theory are
generally assumed to clear. With the advent of the new growth theory, more insights have
been gained into what determines the rate of technological progress. Human capital,
learning by doing, Research and Development, trade, and savings behaviour are acknowl-
edged as important determinants of long-run growth in these theories. But, as was the
case in the neoclassical growth theory, labour markets are generally assumed to clear.

The  existence of equilibrium unemployment can, broadly speaking, be explained
on the basis of three factors (we refer to Layard, Nickell and Jackman (1991) and Bean
(1994) for extensive overviews of the literature). The first is the presence of search

frictions (e.g. , Pissarides   (1990)) . The starting point of these theories   is the notion   that

' This overview is an extended version of De Groot (1998b).
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the labour market is a market where trade takes place. Employers are looking for
employees, and employees are looking for jobs. The process in which employers and
employees are looking for each other and meet is characterized by frictions; it takes time
and money before employees and employers are matched. This implies that in each point
in time there are both employees looking for a job and employers looking for workers.
The intensity with which employees are looking for a job and the costs and benefits
associated with posting a vacancy for the employer ultimately determine the level of
unemployment. A second class of theories is based On the presence of 'efficiency-wage
considerations' (e.g., Akerlof and Yellen  (1986)  and  Katz  (1986) for overviews). These

theories are all characterized by the fact that employers have some reason to pay high
wages. This reason can either be that it allows employers to attract the best workers

(Weiss   (1980)),  or  that it prevents workers from leaving  the  firm   (Salop  (1979)),  or  that  it

motivates workers and thereby improves their productivity (Akerlof (1982) and Shapiro
and   Stiglitz  (1984)). The final outcome of these efficiency wage considerations   is  a  wage

in excess of the market clearing wage, and associated unemployment. Finally, there is a
class of theories that emphasize  the  role of trade unions (e.g., Layard, Nickell  and
Jackman (1991, chapter 2)). Starting point of these theories is that employers and unions

bargain over working conditions in a broad sense, like real wages, working hours,
employment, etc. In general, these theories predict that more powerful unions will
negotiate higher wages and correspondingly cause higher rates of unemployment. All
these theories have in common that there is no role for the rate of growth in determining

unemployment.
The picture that thus emerges is one in which unemployment is modelled and

analyzed independently from growth. Recently, an interest has emerged in the question
whether long-term growth and unemployment might be related. This interest has undoub-
tedly been inspired by the simultaneous occurrence of the growth slowdown and the
stepwise increase in average unemployment that Europe has witnessed since the early

seventies. In the remainder of this section, we will give an overview of insights that have
been gained so far in the relationship between growth and unemployment.
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1.2.1   Economic   growth  and  search  unemployment

Most of the recent studies on the relationship between growth and unemployment address

the issue from a matching perspective in which unemployment results from frictions in the
process of matching the unemployed with vacancies posted by firms. An important
starting point for these studies is a model developed by Pissarides (1990). He combines a
search model of unemployment with the neoclassical growth theory. In this framework,
higher (exogenously given) growth of labour productivity increases the value of hiring an
employee for firms. More precisely, the present discounted value of future profits is an
increasing function of the growth rate. As a consequence, firms will post more vacancies

and equilibrium unemployment will decline. The model is thus characterized by a
negative relationship between growth and unemployment (under the assumption of a
constant supply of labour). The effect that drives this result is known  as the capitalization
effect. A higher growth rate reduces the effective discount rate (interest rate minus
growth rate) and thus raises the present discounted value of future profits that results from

finding an employee. The search intensity of employers will rise accordingly. The model
of Pissarides has been extended in several ways with elements from the theory of
endogenous growth. Aghion and Howitt (1994) introduced creative destruction, while
Bean and Pissarides (1993) considered the effects of savings on growth and unemploy-
ment. In the remainder of this subsection, we will discuss these two contributions.

The starting point for the model of Aghion and Howitt (1994) is the idea that
growth results in creative destruction. This model can be seen as an extension of the

endogenous growth models of Grossman and Helpman (1991, chapter 4), and Aghion and
Howitt (1992). In those studies, creative destruction occurs, but does not lead to unem-
ployment as search frictions are not taken into account. Innovations make new firms
viable and result in the replacement of old firms and activities. This process is accom-

panied by laying off of workers. In a world characterized by search frictions, equilibrium
unemployment will result. The conclusion that Aghion and Howitt ultimately arrive at is
that no unambiguous relationship can be derived between growth and unemployment. This
is caused by three simultaneously operating effects that growth has on unemployment.

First, growth results in creative destruction and lay-offs (increased job separation) and
thus increases unemployment. The other two effects of growth on unemployment run via
the profitability of posting vacancies by incumbent firms. On the one hand, the capitaliza-
tion effect will lead to unemployment and growth being negatively correlated. On the
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other hand, increased growth reduces the life expectancy of a firm and thus reduces the
value of posting a vacancy. This life-time effect reduces  the  rate of job-finding  and  thus
increases unemployment.2 Since the three effects distinguished by Aghion and Howitt do
not point in the same direction, no clearcut conclusion about the relationship between
growth and unemployment can be drawn. On the basis of numerical experimentation, they
show that the creative destruction effect dominates at low growth rates, while the
capitalization effect is dominant at high growth rates. This boils down to a hump-shaped

relationship between growth and unemployment. In their basic model, the causality runs
from growth to unemployment. In an extended version of the model, Aghion and Howitt
(1994,  section  3.3)  show that reversed causality may result  from, for example, skill losses

occurring during unemployment or unexploited opportunities for learning by doing.
Incorporating such effects yields an (additional) partial negative relationship between
unemployment and growth. An interesting and potentially important effect that is not
distinguished by Aghion and Howitt is that there may be a direct negative impact of
innovative activities on unemployment, simply because more growth requires more R&D
and thus requires labour (e.g., Stadler  (1993) and  also the models in chapters  2-6 of this

thesis).

In response to the models of Pissarides (1990) and Aghion and Howitt (1994),
Mortensen and Pissarides (1995) have argued that the dominance of the capitalization-
versus the creative destruction effect is industry-dependent. In industries where the cost of
implementing new technologies in an old plant are low compared to the costs of creating
a new job, the capitalization effect is likely to dominate. Firms will continuously update

their technology and train their workers so that they can work with the newest technol-

ogy. Few jobs are destroyed so creative destruction is of minor importance, whereas

increased growth will increase the value of a job match to a firm which will respond by

posting more vacancies, resulting in lower unemployment. The creative destruction effect
will dominate in industries with high implementation costs. Firms in these industries will
keep jobs open as long as this is profitable and then destroy the job without updating their
technology. In the end, there is again no reason to expect a clear positive or negative

2  Aghion and Howitt distinguish these two effects by using the terms complementarity and
substitutability in the growth process. By complementarity they mean that increased growth increases the
value of a vacancy in all sectors of the economy and thus (partially) reduces unemployment. Substitutability,
on the other hand, reflects the fact that increased growth shortens the lifetime of every single firm and thus
increases unemployment (the indirect creative destruction effect).
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relationship between growth and unemployment to be found in aggregate data since

implementation costs can vary widely across firms, industries and sectors.

The effects of lower savings (and increased consumption) on growth and unem-
ployment   are the topics of investigation   in   Bean and Pissarides (1993). Their model    is

characterized by search frictions3 and endogenous growth. The growth model used is the
one   developed by Romer (1986). Crucial for their analysis   is   that   in   this   type of model

(macroeconomic) savings foster long-run economic growth due to the presence of non-
diminishing returns to scale with respect to reproducible production factors (i.e., capital).

One of the questions addressed in the paper is how differences in savings behaviour

between countries will be translated into differences in growth- and unemployment
performance.   Bean and Pissarides derive   that a lower savings rate reduces unemployment

since increased demand for consumption goods stimulates employment. The effect on the
growth rate is not clear a priori and depends On the effects of a lower savings rate on

macroeconomic savings. If the employment effect is relatively weak, macroeconomic
savings and the growth rate decline. However, Bean and Pissarides show that the increase

in  employment  may   be so great   that the growth rate increases. 4  This all crucially depends

on   the   size   of the multiplier and reveals the neo-Keynesian character   of the model.   The

overall conclusion is that the relationship between growth and unemployment can be both

positive and negative   in a cross-section of countries. Important factors   that   need   to   be

controlled for are differences in savings behaviour, but also differences in market

structures  that are important  for the degree in which the multiplier process is operating.

3 Search frictions play a role in the model due to the overlapping generations framework that they
adopt. As each period in time a new cohort of (young) people enters the labour market looking for a job,
search frictions occur and equilibrium unemployment results. Note that in Pissarides (1990) an exogenous
lay-off rate has to be assumed for the search frictions to generate unemployment, whereas in Aghion and
Howitt lay-offs are endogenized through the process of creative destruction.

4   In essence, this is an example of a scale effect that characterizes most models of endogenous
growth. These effects imply that the scale of the economy (mostly measured in terms of employment) is of
importance in determining the growth rate.
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1.2.2  Economic  growth  and  trade  unions

Trade unions aim to further the interests of workers in a broad sense. It is generally
accepted that this behaviour tends to increase real wages and unemployment. In this
subsection, we will review the literature that argues that trade unions also affect economic
growth. Two basic effects can be distinguished, namely changes in the investment
behaviour of firms and changes in the effective supply of labour.

Bean and Crafts (1995) show how the operation of trade unions may result in
lower investments and growth. Firms invest in order to increase their profits. An essential
characteristic of many types of investments is that they have a sunk-cost character. This
puts trade unions, once investments have been made, in a relatively strong bargaining
position. Due to the sunk-cost character of the investment, the trade union can extract
part of the rent that is associated with the investment. Aware of this, firms will invest less

(under the assumption that firms and unions cannot sign a complete contract in which the
division of rents resulting from investments  to  be  made  in the future is agreed  upon).   The
problem described here is known as the 'hold-up problem' and was formally modelled by

Grout (1984). Bean and Crafts integrate this insight into a model of endogenous growth in
which R&D is aimed at developing new products (cf Romer (1987)). The reward for
investments resulting in the development of new products is a monopoly profit to be
earned by the inventor of the new product. In the presence of trade unions, some of the
profits are extracted by the trade unions, which reduces the incentive to develop new

products and thereby reduces growth.
Boone (1997) starts from the notion that the presence of trade unions (or efficiency

wage considerations) increases wages. In his model, firms have two investment possibil-
ities.   One is offensive and results in innovations that increase product quality and thereby
economic growth. The other is defensive and aims at reducing the fixed labour costs

involved in the production process. As trade unions become more powerful, wages will
increase and the investment behaviour of firms will be more and more biased towards
defensive investments. This results in lower growth rates and higher unemployment rates.

The central idea in Daveri and Tabellini (1997) is also that the presence of unions
results in high real wage costs. They have developed an overlapping generations model in
which both labour and capital are used as inputs in the production process (according to a

production function & la Jones and Manuelli (1990)). Endogenous growth results from an
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external effect related   to the accumulation of physical capital. Wages   are   set by monopol-
istic trade unions.    High wage costs push firms    to    a more capital-intensive production
process, and will result in lower employment and a reduction in the marginal product of

capital. This last effect induces a fall in savings and growth. Growth and unemployment
are thus negatively correlated in both cross-sections and time series, where the correlation
stems from differences in wage costs between countries or time-periods.5

1.2.3  Empirical  evidence  on  growth  and  unemployment

Empirical studies that systematically test for the relationship between growth and

unemployment, controlling for all kinds of potentially important variables that may shape

this   relationship is scarce. A recent study which considers the effects of labour market

institutions on growth and unemployment is Nickell and Layard  (1997). It presents  a  rich
dataset on labour market institutions. Furthermore, it presents regressions explaining
growth and unemployment from the data capturing labour market institutions, as well as
an extensive and critical review of the results obtained in empirical studies explaining

either growth or unemployment, and/or their interrelatedness. The labour market

institutions that are considered are taxes on labour, laws and regulations covering

employees' rights, trade unions and the structure of wage bargaining, the social security

system   (in a broad sense), the system of education and training, and barriers to regional

labour mobility. Cross-section regressions are presented in which unemployment   (both
short- and long-term)6 and productivity growth are regressed on the measures capturing

labour market institutions. The data cover 20 OECD countries and two time periods

(1983-1988 and 1989-1994). In their own regressions (which are mainly intended to give

a quick insight    into the correlations between    the    data    they have gathered), no other

5     A slightly modified version of Daveri and Tabellini's model can be found in Nickell and Layard

(1997). They conclude that the mechanism focused upon by Daveri and Tabellini, which relies heavily on a
strong impact of the interest rate (marginal product of capital) on savings, is one which they do not expect
to operate much in practice. Still, they expect labour market institutions to be important and to affect long
term growth rates not via equilibrium unemployment but via effects on savings, human capital accumulation,
technological and managerial innovation, and the start-up rate of new companies.

6  An extensive study with an exclusive focus on the relation between unemployment and labour
market institutions is Nickell (1997).



12                                                                        Chapter 1

conditioning variables were used other than those capturing labour market institutions.
The growth rate, for example, is not regressed on the unemployment rate, the savings

rate, population growth, and other variables that are known to influence economic
growth.7 Similarly, the unemployment rate is not regressed on variables such as product
market competition, the growth rate, and productivity relative to the USA at the begin-
ning of the time period. The results obtained on the basis of these exercises are that high
taxes, generous social security systems, and strong unions that coordinate little with
employers increase unemployment. The correlations between growth and labour market
institutions are weak. Some weak evidence is found that employment protection has a
positive effect on growth, while total labour taxes and benefit duration have a negative
effect.

The effects of taxes on growth and unemployment were studied by Daveri and
Tabellini (1997). Starting from their theoretical model (see section  1.2.2), they argue  that

in the presence of trade unions, high taxes are shifted onto higher (gross) labour costs and
result in unemployment. In addition, these high wage costs result in large capital-labour
ratios and thereby reduce the returns to investment and lower economic growth. They
empirically test their thesis that countries with high taxes are characterized by low growth
and high rates of unemployment. Their tests are based on a panel of 14 OECD countries

during the period 1965-1991 (which is divided into five sub-periods of equal length).
Their results are in line with the theoretical predictions and reasonably robust both
quantitatively and qualitatively with respect to the employed estimation technique as well
as the instruments used. Correcting for differences in effective tax rates on capital   and

labour, they conclude that growth of per capita GDP and unemployment as well as invest-
ments and unemployment are negatively correlated. Furthermore, the increase in
unemployment and the slowdown in growth can, to a large extent, be traced back to
increases in taxes on labour. More specifically, they argue that the rise of 9.4 percentage
points in the rate of effective labour taxes experienced on average in the European

7  The only variable included in the growth-regression is productivity relative to tile USA at the
beginning of the time-period. Inclusion of this variable reduces the explanatory power of the variables
capturing labour market institutions. We refer to Barro and Sala-i-Martin (1995), Levine and Renelt (1992)
and Mankiw, Romer and Weil (1992) for extensive empirical studies regressing growth in a cross-section of
countries on potential explanatory variables like population growth, savings rates, school enrolment rates,
initial income per capita relative to the leader country (the USA), trade variables like the terms of trade and
openness, government consumption and investment, and institutional variables like political instability, black
market premia, tariff rates and political rights.
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countries under consideration has resulted in a decline in the rate of growth of 0.5
percentage points a year, and in increase in unemployment of about 4 percentage points.

Most of the literature on the effects of trade unions on investments takes the
theoretical literature  on the hold-up problem  as a starting point (see section   1.2.2)  and
tests whether investments are lower   in the presence of trade-unions. An extensive survey

of the literature investigating union effects on productivity, profits and growth is Addison
and    Hirsch    (1989).    They find support    in the literature for rent-seeking behaviour    of

unions that lowers firms' investments in physical capital, as well as in R&D and other

risky activities. This results in productivity growth being relatively low in unionized firms
and industries. These results have later been confirmed by Bean and Crafts (1995) on the
basis of a panel regression covering 137 industries and eight periods. The independent

variables they include are the growth rate of the capital stock, concentration ratios and the
level of import penetration to capture the effects of competition, and variables capturing
the impact of industrial relations like union recognition and the presence of multiple
unions. The main conclusions they arrive at are that the presence of unions significantly
depresses total factor productivity and that workplaces with multiple unions experience

about 1 percentage point lower growth of total factor productivity than single union
workplaces. In cross-sectional studies on the effects of trade unions no significant growth
effects have been found to our knowledge.

The evidence on the effects of social security systems on unemployment are

generally agreed upon in the literature (see for example Atkinson and Micklewright
(1991), Nickell (1997), and the OECD Jobs Study (1994) for extensive and critical
surveys    of the empirical    literature    on the effects of benefits on unemployment).    The

common wisdom here is that unless generous social security systems are accompanied by
active labour market policies aimed at putting people back to work, generosity tends to
increase unemployment. To our knowledge, no other evidence than the simple regression

analysis performed by Nickell and Layard (1997) On the relationship between social

security systems and growth is available.    Some weak evidence is found   by    them   that

generous social security systems are bad for growth.
Van Reenen (1996) looks at the relationship between labour market institutions and

growth from a totally different angle. Based on a panel of British firms, he finds evidence

of the importance of rent-sharing. In particular, he finds robust evidence that innovating

firms generally pay higher wages, while rival innovations tend to depress their own
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wages. This evidence can be seen as an indication that firms engage in rent-sharing in
order to enhance productivity (growth). Theoretical models on efficiency wages    can
provide arguments for this behaviour.

The latter study is instructive in that it reveals one of the serious problems one is
faced with in empirical research. High wages may be a resultant of strong unions which
depress investments in R&D and lower growth, while high wages may also result from
rent-sharing by fast-growing firms that were successful in innovating. From an empirical
point of view, discriminating between the alternative theories is a formidable task. We
can conclude that the empirical research performed so far on the relationship between
growth and unemployment and the way labour market institutions shape this relationship
is scarce. Testing theories is a difficult task given their subtle implications. Future
empirical research has to test in a more systematic way how growth and unemployment
are related, controlling for all kinds of variables, using improved data sets on more
disaggregated levels, and acknowledging the insights (to be) gained by theoretical research
in order to avoid testing without a sound theoretical background.

1.3 Sectoral structure and growth8

The empirical literature on the development of broadly defined sectors (say agriculture,
manufacturing and services) reveals several stylized facts. First    of all, during their
development, all countries experience a steady decline in employment in the agricultural
sector, whereas the employment share in the service sector gradually increases. The
employment share in the manufacturing sector generally shows a hump-shaped develop-
ment    (see, for example, Maddison (1991, Table 2.1)) Shares in total value added,
measured in constant prices, are roughly constant, with some tendency for service shares
to    increase and agricultural shares to decrease. Finally, growth rates differ between
sectors; the agricultural sector generally experiences the highest growth in labour

8    There iS a rich and mainly descriptive literature on the development of sectoral shares that we do
not discuss here. This literature goes back to, amongst others, Chenery and Syrquin (1975) and Kuznets
(1966). This literature has attempted to find normal patterns in the development of economies over time. We
refer here to Van Gemert (1985) for an extensive overview and discussion of this literature as well as an
empirical test of the normal-pattern hypothesis. The main emphasis in this thesis iS On theoretical models
aiming to explain the empirical tendencies that we observe, which is why we do not discuss this mainly
descriptive literature.
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productivity, whereas growth   in the service sector is generally   low. The different growth
rates in productivity are reflected in continuously changing relative prices, with the
relative prices of services continuously increasing.

One of the central issues in the debate on sectoral developments is what factors are
responsible for the observed decline in manufacturing employment. This decline is often
referred to as deindustrialization. At least five basic explanations are available. The first
rests on a strong link between the degree of economic maturity and the structure of

employment. This link was already pointed out by Sir William Petty in 1691 and restated

by Clark (1957, p. 492) when he wrote that 'A wide, simple and far-reaching

generalisation...   [is  that]  as  time  goes  on and communities become more economically

advanced, the numbers engaged in agriculture tend to decline relative to the numbers in

manufacture, which in their turn decline relative  to the numbers engaged in services'.   A

second explanation relies on differences in productivity growth on a sectoral level. If
productivity in the manufacturing sector is relatively fast-growing, less and less labour is
required to produce a given relative amount of products. For this explanation to be

relevant, it is a requirement that goods produced in the broad sectors defined above form
relatively bad substitutes. A third explanation relies on the integration of the South and

the North, resulting in the South specializing towards low-skilled labour-intensive
manufacturing goods. Fourthly, and related to the third explanation, changing endow-
ments   can   play   a role. Assuming that services are relatively skill-intensive   and   that   the

accumulation of skills is a particularly fast process in OECD countries may explain why
OECD countries specialize in (tradeable) services and are experiencing a decline in

manufacturing employment. Finally, outsourcing (or contracting out) of activities
previously carried out within the manufacturing sector but now performed in the service

sector or abroad may be part of the explanation. In the remainder of this section, we will
survey the relevant theoretical literature that considers the causal factors behind the

process of deindustrialization.9

9 Recent empirical contributions on the driving forces behind deindustrialization are Rowthorn and
Ramaswamy (1997) and Saeger (1997). Based on a panel of 21 industrial countries, the firSt tWO authors
argue that there is evidence for a non-linear relationship between per capita income and the manufacturing
share of unemployment. Furthermore, they conclude that the manufacturing share of employment is
significantly affected by the trade balance in manufactured goods. They find little evidence of an important
role of North-South trade in explaining the decline in manufacturing employment. A similar exercise  is
performed by Saeger. Based on panel data for OECD countries, he examines the relationship between
deindustrialization and productivity growth, Dutch disease, human capital accumulation, and trade flows.
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In a seminal contribution on the macroeconomics of unbalanced growth, Baumol
(1967) studied the consequences of differences in productivity growth rates between
sectors (known as differential productivity growth) for macroeconomic developments.
Differential productivity growth rates are labelled    as     ' forces so powerful    that    they
constantly break through all barriers erected for their suppression' (Baumol    (1967,    p.

415)). Based on a simple Ricardian model with only two sectors, one stagnant with zero

productivity growth and one progressive with positive productivity growth, he concludes
that the cost per unit of the stagnant sector will rise without limitation. This creates a
tendency for demand to shift in favour of goods produced in the progressive sector. If
however, goods from different sectors are bad substitutes, more and more labour must be
transferred to the non-progressive sector. Which tendency ultimately dominates in the
determination of the sectoral composition of the economy depends on the evolution of
consumers' preferences as income increases. The macroeconomic growth rate will
ultimately tend to converge to the growth rate of the stagnant sector. The implications of
this very simple model have become to be known as the 'cost disease of stagnant
services'.

One of the objections which can be raised against Baumol's model is that its main
focus   is on supply factors (i.e., differential rates of productivity growth). Although
Baumol considers the special cases in which (i) consumers spend constant shares of their
income on all categories of goods available, and (ii) relative demand in volume terms for
both goods categories is constant, he does not discuss in detail the importance of demand

factors. Pasinetti (1981, p. 69) stresses the importance of considering both factors of
demand and supply for a good understanding of macroeconomic sectoral developments
when he argues  that  ' . . . to pretend to discuss technical progress without considering  the
evolution of demand would make it impossible to evaluate the very relevance of technical
progress and would render the investigation itself meaningless. Increases in productivity
and increases in income are two facets of the same phenomenon. Since the first implies

the second, and the composition of the second determines the relevance of the first, the
one   cannot be considered   if the other is ignored'. This point was taken seriously   by,   for

example, Quibria and Harrigan (1996). They extended the model of Baumol by introdu-
cing a constant elasticity of substitution utility function. Their simple model allows them

Differential productivity growth  and the Dutch disease account for about  40 % of deindustrialization  in  the
majority of countries, while about 25 % is explained by North-South trade.
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to replicate what they consider to be the stylized facts of sectoral developments, namely
the rising relative prices of service goods, a rising share of service employment in total
employment, a rising share of services in the value share of national income (in current
prices), and a non-increasing share in the national real product. To arrive at these results,
they assume the presence of differential productivity growth and a substitution elasticity
of demand for services that is less than unity.

What is lacking in the literature discussed so far is a theoretical multi-sectoral
(i.e., more than two-sector) approach that addresses the issue of sectoral developments.  In

addition, all these models are one-factor models. Some recent attempts have been
undertaken   to fill these   gaps. Most complete   in   this are Echevarria   (1997) and Kongsa-

mut,   Rebelo   and Xie (1997).m Again focusing   on the regularities with respect   to   the
growth process and the associated reallocation of labour, they develop three-sector models

including capital as a factor of production. Their dynamic general equilibrium models are

characterized by (i) different and non-unitary income elasticities of demand for goods
from the distinguished sectors and (ii) differences in the exogenously given rate of
technological progress   on a sectoral level. A combination of these two elements results   in
models characterized by rich dynamics in structural change that are able to replicate

empirically observed dynamics. The sectoral economic growth rates of labour productivity
are given exogenously and attention is restricted to models where the elasticity of
substitution between goods from different sectors is unity in the long-run equilibrium.

Only recently has outsourcing been considered as a factor that might partly explain
the developments taking place    at a sectoral level. That outsourcing    is a relevant   and
significant phenomenon that has increased substantially in recent times is well-established
in the literature (e.g., Abraham (1990), Abraham and Taylor  (1993),  and  Ten  Raa  and
Wolff (1996)). Activities previously performed within a manufacturing    firm    (e.g.,
accounting, maintenance, repair, janitorial and legal services) are currently performed   in
what is labelled the service sector. Postner (1990) strongly argues in favour of outsour-
cing as an explanation for observed sectoral developments and continues to argue that

10 Three-sector models with only one production factor are developed in Cornwall and Cornwall
(1994), and Rowthorn and Ramaswamy (1997). Both studies are able to replicate rich dynamics of structural
change, but lack a clear and simple system of demand equations derived from optimizing consumer
behaviour. In addition, the study by Rowthorn and Ramaswamy does not consider relative price changes.
The importance of price effects in shaping sectoral structures is considered explicitly by Schettkat and
Appelbaum (1997).
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deindustrialization should not be seen purely as a real phenomenon but may result to a
large extent from measurement problems. In an international trade context, Feenstra and

Hanson (1995) have developed a model that suggests outsourcing of peripheral, low-skill
tasks by high-wage firms to poorer countries to be an important phenomenon. They argue

that outsourcing of this type of activity can contribute to the explanation of the widening

wage gap in the USA and the reduction in employment of unskilled workers. In our

opinion, outsourcing of peripheral activities deserves closer attention, especially in the
light of declining transaction- and communication costs. It may affect the internal

organization  of  the   firm   and can thereby affect  to a significant extent   the  firm' s perform-

ance as well as the macroeconomic performance and sectoral composition of economies.

1.4      Organization and contents of the thesis

As already stated in section   1.1,   we will address two central questions   in this thesis,
namely (i) how are growth and unemployment related, and (ii) how are growth and the

sectoral composition of an economy related. These questions will be addressed in the

three parts that constitute this thesis. In the remainder of this chapter, we will give an
overview  of the organization and contents  of this thesis. We start in section  1.4.1  with  a

non-technical discussion of the engine of growth that underlies our analysis. We then
discuss in section  1.4.2  how  we will proceed  in  part  I  and  II  to gain insights  in  the

relationship between growth and unemployment. Finally, in section  1.4.3 we  will  give an
outline of the contents of part III in which we focus on the relationship between economic

growth and sectoral structure.

1.4.1 The engine of growth

A basic ingredient and source of inspiration for the models that we will develop in this
thesis is a model of endogenous growth developed by Smulders and Van de Klundert

(1995). This section gives a non-technical introduction to the model and discusses some of

the  crucial   issues that arise   in  this  type of model.   We  can best characterize the model  as  a

Schumpeterian two-sector model of endogenous growth driven by the accumulation of
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firm-specific R&D. The model can be interpreted as a combination of the product-variety
and quality ladder model of Grossman and Helpman (1991, chapters 3 and 4). In
Grossman and Helpman, either product variety is endogenous and grows at a constant
rate, quality being constant (chapter 3), or product variety is exogenous and quality grows
at  a  constant rate (chapter 4). These two approaches to growth are integrated  in the model
of Smulders and Van de Klundert. Both product variety and growth (of quality) can be
determined endogenously. An important difference between  the two approaches   is   that   in

Grossman and Helpman growth results from investments in R&D labs that produce and
sell patents to firms that buy these patents since this yields a profit, whereas in Smulders
and    Van de Klundert    R&D    is an in-house activity. This brings    us    to an important
assumption in the model, namely that knowledge is tacit and specific to firms. This
specificity and tacitness derives from the fact that many elements of knowledge, insight,
and so on that firms possess are ill-defined, unpublished, and difficult to fully express to
and share with other firms (Dosi (1988, p. 1126)). These characteristics of knowledge
provide firms with an incentive to invest in the accumulation of this knowledge, since

tacitness, almost by definition, prevents knowledge from being used by competitors (avoi-
ding the presence of free rider problems). It is by now a well-established fact that innova-
tion as the outcome of intentional activities in private firms is one of the most important
sources of technological progress in OECD economies (« Dosi (1988) and Fagerberg

(1994)).
Let   us now discuss the model    in more detail. The economy   is   made   up   of   two

sectors.   In the traditional sector, a homogeneous  good is produced under perfect competi-
tion and technological progress is (without loss of generality) assumed to be absent. In the

high-tech sector firms operate, each producing a differentiated product. Consumer
preferences are such that both the traditional and the high-tech goods will be in demand.
In addition, consumers have a taste for variety in high-tech goods (there is imperfect
substitution between   any   pair of high-tech goods). This provides firms   in the high-tech
sector with some monopoly power and results in monopolistic competition A la Chamber-
lin    in this sector, assuming   that the number of high-tech firms is sufficiently large. 11

" Yang and Heijdra (1993) criticize the approach in which it is imposed a priori that the number of
firms is sufficiently large for competition to be monopolistically A la Chamberlin. They argue that the result
that the number of firms is sufficiently large should be the outcome of the model and not be imposed a prio-
ri. To avoid this problem, one needs to introduce the concept of a perceived price elasticity, which depends
on the number of competitors. This is formally done in Smulders and Van de Klundert (1995). As this
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Growth is driven by research in this sector and builds on knowledge accumulated in the
past. Investments in R&D are made on the basis of a comparison of marginal costs that
equal costs of employing labour for R&D purposes, and marginal benefits that consist of
improved future production technologies that will result in larger profits. The equilibrium
of the model is characterized by an endogenously determined division of labour between

sectors (traditional versus high-tech), within firms (production versus research labour), as
well as an endogenously determined number of high-tech firms (as a measure of concen-

tration in the industry).
Starting from this basic model, several remarks have to be made. They relate to (i)

the determination of the intensity with which firms engage in R&D, (ii) the determination
of product variety   and  the way variety enters utility,   (iii) the degree of firm-specificity  of
knowledge which features  in the 'engine of growth',  and  (iv) the Schumpeterian character

of the model. With respect to the first issue, we can consider two polar cases. The

modelling of the R&D intensity in Smulders and Van de Klundert (1995) is based on
intertemporal optimizing behaviour of firms. It assumes that firms have perfect knowledge

of the returns on investments in R&D. This is a debatable assumption. Investments in
R&D especially are inherently uncertain. Hence, the assumption of perfect knowledge

about the returns to R&D is a heroic one. An alternative way to proceed is to assume that

firms determine their R&D intensity  on the basis  of some  'rule of thumb', for example  as

a fixed fraction of the amount of workers they employ for productive purposes. In this

view, routines are employed by firms given the inherent uncertainty related to investments

in  R&D (e.g., Nelson and Winter (1982)). Which assumption  is most preferred depends
on the questions  to be addressed.

A second issue relates to the determination of product variety (or, alternatively,

the number of firms in the high-tech sector), and the way product variety enters into
utility. We can again distinguish two polar cases. At one extreme, we will consider a

regime of free entry and exit of high-tech firms in which product variety is endogenously
determined and changes as long as excess profits are not competed away (or losses are

approach seriously complicates the analysis of the models we develop in this thesis without affecting their
main conclusions, we abstain from this issue and simplify the engine of growth by taking the price elasticity
of demand to be constant (and thus independent of the number of competitors).
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being made).12 Barriers to entry are implicitly   left   out.   In our perception,    such a world
can be considered as a useful benchmark that is especially interesting from a theoretical
point of view. Furthermore, when the emphasis in the analysis is on elements of market
structure and welfare, this benchmark is of particular interest since the market structure

(as   measured by concentration   of the industry) is endogenously determined.   At the other

extreme, we look at a regime of blocked entry in which product variety is exogenously
given. In a world where knowledge is firm-specific, there may be important barriers to
entry in the form of sunk costs that have to be incurred in order to be able to enter the
market with a new product and to compete effectively with incumbent firms. The
assumption of blocked entry due to entry barriers (that are not formally modelled but
particularly relevant in industries where firm-specific knowledge prevails) is therefore

defensible (see for example Shaked and Sutton (1987)). The number of firms in such a
case is historically determined. Differences in the number of firms then can be interpreted

as differences in the concentration of the industry. The relevance of the regime of blocked

entry can also be defended on empirical grounds. An extensive study by Mueller (1986)
reveals that many industries are characterized by persistent excess profits that are not
competed  away by entry  of new firms. Another issue related  to  the  role of product variety

in the model is how variety affects the welfare of consumers. In the basic model

described above, variety has a direct effect on consumers' welfare as consumers have a

love for variety of the goods produced in the high-tech sector. The high-tech sector

coexists in these models with a traditional sector in which a homogeneous good is

produced, which  is also consumed directly. No intermediate inputs  are  used in producti-
on; all goods are produced only with labour and are  only used for consumption purposes.
An alternative approach is one in which increased product variety has a productivity
effect. In such a case, the sector producing consumption goods uses inputs that are
produced in the high-tech sector. The more varieties of input that are available, the higher

the productivity in the final goods sector will be. As has been pointed at by Barro and
Sala-i-Martin (1995, chapter 6), endogenous growth models with, on the one hand,
product variety of consumption goods directly adding to utility,   and,   on the other   hand,

models of product variety of producer goods increasing productivity and indirectly adding

12   Smulders and Van de Klundert (1995) only consider cases in which exit of firms making losses
occurs. As is already clear from the previous discussion, considering entry in a world with firm-specific
knowledge is difficult.
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to utility, are roughly similar. Ultimately, the flow of utility is what matters. Still, Barro
and Sala-i-Martin argue in favour of the latter type of model as this can, in their opinion,
more easily be reconciled with reality. We return to this issue in chapter 9.

Thirdly, some remarks have to be made with respect to the modelling of the
'engine of growth'.  In a simplified version of the model of Smulders  and Van de Klundert

(1995),     knowledge is completely firm-specific and future knowledge only builds    on
knowledge accumulated within the firm in the past. Endogenous growth results from the
assumption of constant returns to scale in the production of knowledge with respect to
knowledge accumulated    in    the    past. This assumption, though strong and simplifying,
suffices for most analyses in this thesis and results are likely to be generalizable (see

chapter  9  of this thesis).  Due  to the specific choice  of the 'engine of growth', the model

of Smulders and Van de Klundert (1995) is characterized by the absence of scale effects.

In other words, the scale of the economy as measured by for example the size of the
population,   does not feature   in the solution   for the growth   rate. This result obtains since

average knowledge, instead of some measure of aggregate knowledge, features in the
engine of growth. In the light of the ongoing debate on the importance of scale effects
that  characterize  so  many  of the endogenous growth models (e.g., Romer  (1990),  and
Grossman and Helpman (1991)) this is an important result. Although there is some

empirical evidence in favour of scale effects (e.g., Backus, Kehoe and Kehoe  (1992),
Barro and Sala-i-Martin (1995), and Kremer (1993)), most endogenous growth theorists
agree that scale effects are an undesirable feature of models of endogenous growth. Two
influential papers by Jones (1995a and 1995b) have resulted in the problem of scale

effects being high on the research agenda of endogenous growth theorists. Jones presents

evidence on R&D efforts in the USA. Over the period 1950-1988, the number of
scientists and engineers engaged   in R&D increased five-fold. He argues   that this eviden-

ce, in combination with the observed constancy (or even decline) in productivity growth,
is incompatible with the theoretical prediction of scale effects. The model proposed by

Jones (19958) to remove scale effects is based on the assumption that R&D becomes more

difficult over time. There are, in other words, diminishing returns with respect to

knowledge creation. The model, which is a variant of a Romer-model of endogenous
growth, predicts that the growth rate is ultimately fully determined by population growth
and R&D productivity. Another  way to circumvent the problem of scale effects  is  the  one

suggested independently by Peretto (1996), Smulders   and   Van de Klundert   (1995)    and
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Young (1998). In their models, a distinction is made between expansion in variety on the
one hand, and improvement in quality on the other. All these models have in common the

prediction that larger economies tend to produce a greater variety of products which has
positive level effects on utility, but no growth effects:3 This latter effect is due to the
assumption that there are only knowledge spillovers in the vertical (quality) dimension
and not in the horizontal (variety) dimension. The debate on the importance of scale

effects is far from settled at the current stage of development of endogenous growth
theory, either empirically nor theoretically.

A final remark needs to be made with respect to the Schumpeterian character of
the model. The model is Schumpeterian in the sense that firm size, market shares, and
some market power are important factors in determining the innovative potential of
firms. 14 The following passage from Schumpeter (1943,  p.  106) is instructive:

The firm of the type that is compatible with pelfect competition is in many
cases   inferior   in   internal,   especially   technological   efficiency.    ...    It   may    ...

in its endeavors to improve its methods of production waste capital because
it  is  in a  less favorable position to  evolve  and to judge  new  possibilities.

What we have got to accept is that [ the large-scale establishment 1 has
come to be the most powelful engine of I economic J progress and in
particular of the long-run expansion of total output not only in spite of, but
to a considerable extent through, this strategy which looks so restrictive
when viewed in the  individual case and from  the individual point of time.  In
this respect, pel:fect competitition is not only impossible but inferior, and
has  no  title  to  being  set  up  as  a  model  of  ideal  efficiency.

Several reasons for why large firms with some market power may have advantages in

13  Peretto and Smulders (1998) developed an IO-based model of endogenous growth in which
technological distance is assumed to play a crucial role. As an economy becomes larger, more firms can be
sustained and the economy becomes more specialized with firms operating at a larger distance. The
important conclusion of their study in the light of the discussion on scale effects is that these effects vanish
asymptotically as economies become larger. This is caused by the fact that additional knowledge of entrants
becomes less and less useful for incumbents (the effective knowledge stock grows at a lower pace) as the
economy becomes larger, which is due to the increased technological distance.

14 Tile model is not Schumpeterian in the sense that the process of creative destruction often referred
to by Schumpeter (1943) is explicitly modelled (we refer to Aghion and Howitt (1998) for such models).
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performing R&D have been put forward in the literature. There may be important returns
to scale in R&D, large firms with market power may have available internal sources of

funding (see, for example, Blundell, Griffith and Van Reenen (1998) for some empirical
evidence),    they can spread risks associated    with   R&D more easily,    and   they    have   the

ability to exploit innovations at a large scale over a relatively short period of time.
Given the issues that are at play in modelling the engine of growth that underlies

most of the analyses in this thesis, several choices have to be made with respect to the
specific variant of the model we want to use. In the first two parts Of the thesis, the two-
sector variant   with a high-tech and traditional sector is employed. The basic choices   we

have to make are related to the prevailing regime of entry (free entry versus blocked
entry)   and the modelling  of  the R&D intensity (exogenous versus endogenous). Table   1.1
gives an overview of these choices. We will elaborate on the specific reasons behind the
choices that appear from Table 1.l i n section  1.4.2.

Table  1.1  Model assumptions w.r.t.  engine  of growth  in  Part  I and  II

R&D intensity Product variety /
number of firms

exogenous endogenous exogenous endogenous

Chapter 2                +                                +

Chapter 3                               +                               +

Chapter 4                                 +               +

Chapter 5                               +              +               +

Chapter 6                +                                +

In   chapters    8    and   9    of   part    III, we deviate    from the basic model just described    and

modify   it in several respects.15 In particular,   we will allow for vertical interdependencies

between sectors. In chapter 8, this is done by introducing a sector that can supply

producers of consumption goods with intermediate inputs which can alternatively be
produced by the producers of consumption goods themselves. One of the central questions

that we address in this chapter is under what conditions firms engage in outsourcing of

15        In  chapter  7, we develop a model   that  does  not   rely   on the specific  type of endogenous growth
model employed in all other chapters in which firm-specific knowledge plays an important role.
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intermediate inputs and thereby engage in a process of vertical disintegration. In chapter
9, a homogeneous consumption good is produced with labour and a variety of intermedi-
ate inputs that are supplied by high-tech firms operating in the intermediate goods sector.

Productivity in the final goods sector depends on the variety of intermediate inputs that is
available. This modification is interesting   in the light   of the previous discussion   on   how

product variety affects utility. In chapter 9, we will also consider the consequences of

dropping the assumption that average knowledge features in the knowledge accumulation

function instead of some measure of total knowledge by generalizing the engine of
growth. This is an interesting exercise in the light of the discussion on economic growth
and scale effects. Since one of the central topics of interest in part III is the determination
of product variety and its effect on economic welfare, we assume that the regime of free
entry and exit of firms prevails. Furthermore, the R&D intensity is endogenously

determined  in both chapters.

1.4.2 Growth, unemployment and relative productivity

The central question in the first two parts of this thesis is how economic growth,

(relative) levels of productivity, and unemployment are related.     To    deal     with     this

question, we develop a general equilibrium model that can be characterized as a two-
sector endogenous growth model with a dual or segmented, non-Watrasian, labour
market. In part I (chapters 2,3 and 4), the model will be presented in a two-country

setting. The main emphasis in these chapters is on the relative performance of countries

in terms of relative productivity and unemployment. In the second part (chapters 5 and 6),

the focus will be more exclusively on labour market issues. We discuss how growth and

unemployment are related and how labour market institutions affect and shape this
relationship. This will be done in a closed economy setting. The analyses in part I and II
are closely related. In the two-country models, where we allow for knowledge spillovers

between countries, differences in the potential of economies to grow are 'reflected' in
differences in productivity levels    in the steady state    of the model. Growth rates    are

equalized and relative productivity levels are constant, but productivity levels are lower in
the country with a lower potential for growth.

In part I and II, we model a two-sector economy in which a high-tech good is

produced under imperfect competition in one sector, and a traditional good under perfect
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competition in the other sector. The duality of the economy in which both traditional and
high-tech goods are produced and consumed will be argued as giving rise to a segmented
labour market in which there are good and bad jobs. More specifically, the imperfect
competition that prevails in the high-tech sector gives rise to a non-competitive wage
differential between the high-tech and the traditional sector. We will consider both
considerations of effort extraction and the presence of trade unions as explanations for the
existence of such a non-competitive wage differential. This non-competitive element in the
labour market will result in distortions in the supply of labour and gives rise to unemploy-
ment. We believe that distortions in the supply of labour are an important element in the
explanation of differences in unemployment performance. In this view, unemployment is

crucially determined by the relative costs and benefits of waiting for attractive jobs and
has the character of wait unemployment. In this thesis, we will develop a framework that
allows us to specify these costs and benefits in a consistent general equilibrium frame-
work and to address their effects not only on unemployment but also on economic growth
and relative productivity levels.

This way of modelling is strongly inspired by recent empirical literature on
technology and employment. In the OECD Jobs Stu* (1994), the relationship between
'high-tech' and 'high-wage' sectors is explored. The starting point for this study is the

empirical 'stylized fact' that the production of manufacturing goods takes place in
conditions of imperfect competition. R&D spending is increasingly seen as a major source
of sunk costs, and therefore of imperfect competition. Product differentiation advantages

arise from buyers' preferences for a specific variety of similar but imperfectly substituta-
ble products. Moreover, there is growing evidence that competition in the product market
is not enough to prevent persistent 'supernormal' profits. Rents come about because

competitors cannot enter and eliminate supernormal profits. The OECD Jobs Smdy also
presents evidence on rent-sharing, strongly suggesting that wages differ considerably
across broad sectors, even after controlling for age, education, occupation, and gender,

and that wage premia are relatively stable over time (see also Krueger and Summers
(1988)). Manufacturing is the sector paying a relatively high wage premium, whereas the
service sectors are generally 'low-wage' sectors (with the exception of the banking

sector). In addition, the OECD Jobs Smdy (Part I, Annex 4.A) has grouped manufactu-
ring industries according to technology and wages. A distinction   has   been made between
high-, medium-, and low-technology groups on the one hand and high-, medium-, and
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low wage groups on the other hand. It appears that most high-technology industries

indeed pay relatively high wages. The OECD Jobs Study distinguishes two main reasons
for rent-sharing, namely union pressure and efficiency wages. These two factors may be
operating  at the  same time and will both be considered  in this thesis. Other studies (e.g.,
Arai (1994), Brown and Medoff (1989), Dickens and Katz (1987), Gera and Grenier
(1994), Krueger and Summers (1988), and Van Reenen (1996)) have revealed that high-
paying industries seem to contain large, capital-intensive, innovating firms with extensive

product-market power.
The potential consequences of the existence of non-competitive rents on the labour

market are indicated by the OECD (1994, part II, section IV) when it is stated that 'The
duality of the labour market under these considerations also introduces frictions in the

workings of the market mechanism: the unemployed may prolong their job search in the

hope of getting into the 'high-wage' firms and sectors, and displaced workers from the

'high-wage' firms and sectors may have very high replacement rates and hence reserva-

tion  wages when compensations are based on previous earnings'. The division  of  the

economy into a imperfectly competitive high-tech sector with highly paid jobs, and a
competitive, traditional sector with low-paid jobs also closely resembles the distinction
made by Doeringer and Piore (1971) between the primary and secondary sector (see also
Dickens and Lang (1988) for a description of the renaissance of segmented labour-market

models). In the real world, one can think of the primary sector as being the high-tech

industrial sector, while large parts of the service sector possess the attributes of the

secondary sector (Bluestone and Harrison (1988), Teulings  (1997)).
The importance of distortions in the supply of labour for understanding unempl-

oyment performance has recently been emphasized by, for example, Ljungqvist and
Sargent (1996) and Nickell and Layard (1997). Burda (1988) forcefully argues that wait
unemployment, which has to be understood as a sort of investment decision, is useful in

understanding the recent development of unemployment in Europe. The investment should

be conceived as accepting a low current payment (the unemployment benefit) in exchange
for   a large probability of acquiring a high-wage  job   in the future. Some empirical
evidence for this view is given in his paper. Other evidence comes from Clark and

Summers (1979) who argue that primary-sector workers who are laid off are unlikely to
accept secondary-sector jobs and prefer to wait for a new highly paid job to become

available. Yet another source of evidence is provided by Pissarides (1988) who shows, on
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the basis of the Labour Force Survey in Britain of 1984, that there are more unemployed
job seekers than employed ones, which is consistent with the idea of wait unemploy-
ment. 16

The approach used to study the relationship between growth and unemployment
here and the way labour market institutions affect this relationship differs from the studies
discussed in section   1.2 in several respects. First,   we   take the perspective   of  a  dual
economy in which there are good and bad jobs. This allows us to consider the determina-
tion of growth and unemployment along with issues related to the sectoral allocation of
labour and non-competitive wage differentials that feature so prominently in empirical
studies. Furthermore, contrary to most studies on growth and unemployment that adopt a
search model, we assume that unemployment results from distortions in tile supply of
labour. Finally, chapters 2-5 focus on the importance of efficiency wage considerations,
which have almost completely been left untouched in the theoretical literature on the
relationship between growth and unemployment.

Let us now turn in more detail to the very basic elements of the model that we

will develop in part I and II. The basic building blocks that constitute our models describe

consumer behaviour, producer behaviour, the labour market, and international trade (the
latter   in   part   I only) Figure 1.1 gives a stylized impression   of the model. This figure
contains three   loci that describe equilibrium relations  that  hold   in the model. What factors
determine the position and slope of these curves? Let us first consider goods-market

equilibrium as represented by the GME-locus. Preferences are specified in such a way
that consumers prefer goods from both the traditional and the high-tech sector. This
explains the positive slope of the locus representing goods-market equilibrium, which is

basically a representation of an Engel curve (or, more precise, an income expansion
path); the more high-tech goods are consumed, the more traditional goods have to be
consumed for goods-market equilibrium to hold. The slope of the GME-locus depends on

preference parameters, pricing behaviour of firms, wage-setting behaviour that is reflected
in relative prices, and the R&D intensity of high-tech firms. To be more specific, the

16 This evidence on the importance of wait-unemployment is however not conclusive. The general
conclusion arrived at on the basis of an extensive overview of the empirical literature by Layard, Nickell

and Jackman (1991) is that unemployed people have little reason to reject a job that pays more than benefits
in order to search more effectively (see also Layard (1988)). However, a qualification they make to this
argument is that search for high-quality jobs may be more successful when unemployed than when employed
in a low quality job for reasons spelled out below.
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Figure  1.1   Growth,   unemployment  and  the  sectoral  allocation  of  labour

GME-locus is steeper as the price of high-tech goods relative to traditional goods

increases, and the R&D intensity drops. This last result is explained since a low R&D
intensity implies that for a given size of the high-tech sector relatively much labour is
available for production of high-tech goods. In that case, an increase in the size of the

high-tech sector is accompanied by a relatively large increase in the amount of labour

used for production and should hence be accompanied by a relatively large increase in the

size of the traditional sector for goods market equilibrium to prevail.

Next, we will discuss labour market equilibrium as represented by the LME-locus.
In the model, everyone would in principle like to have a well-paid job in the high-tech

sector. However, the supply of these  jobs is restricted. The literature on segmented labour

markets has established various reasons why unemployment can arise in such a world. In
general, these models propose that it is more attractive for at least some people to become
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unemployed and wait for a job in the high-tech sector than to accept a job in the tradi-
tional sector. Several reasons have been put forward to explain this. First, it may be the
case that unemployed people simply have more time to search for jobs. Secondly, it may
be the case that firms in the primary sector prefer unemployed people to workers from
the traditional sector, for example because secondary sector workers get 'negative general
training' ((f Doeringer and Piore (1971)). Thirdly, being employed in the secondary

sector   may   be   a bad signal (e.g., McCormick (1990)). Persons having accepted   a
secondary sector job may, for example, be considered as having a high turnover risk.
Finally, unemployment benefits (or other non-pecuniary benefits associated with being
unemployed like consuming leisure) for people that are laid off in the high-tech sector can
(temporarily) be so high that they exceed the wages in the traditional sector. Anyhow, the
presence of non-competitive rents can generate an incentive for people to opt for unem-
ployment instead of accepting a job in the traditional sector. The attractiveness of
becoming unemployed depends on various factors, like the generosity of the social
security system, the size of the rent to be earned when finding a high-tech job, the
probability with which unemployed people can acquire high-tech jobs relative to the
probability of traditional sector workers, intertemporal considerations, and the number of

jobs in the high-tech sector becoming available each period. The full employment line and
the labour market equilibrium locus intersect at the point where high-tech employment is

zero, because in that case no high-tech jobs will become available, nobody will wait for
such jobs and everyone is employed in the traditional sector of the economy. This line of
reasoning is summarized in the LME-locus which is steeper the more attractive it is to
become unemployed.   We   find the equilibrium allocation of labour   at the intersection   of
the  GME-locus  and the LME-locus (point E). Confronting the equilibrium allocation  of
labour with the full-employment line, we find the unemployment rate that characterizes
the equilibrium of the model.

Finally,    we    have to determine    the    rate of growth.    As    we have emphasized    in

section   1.4.1, an important characteristic   of the engine of growth   is its Schumpeterian
character. This implies that large market shares are an important prerequisite to make it
attractive for firms to engage in costly R&D. The market share is crucially determined by
the number of high-tech firms with which the market has to be shared and the size of the
market for high-tech goods itself. In general, the lower the number of competitors and the
larger the total market for high-tech goods, the more firms will invest in R&D and the
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higher   the   rate of growth   will   be.    This is represented in Figure    1.1    by the GG-locus
which reveals that growth and the size of the high-tech sector are positively related. The

slope of this locus is positively dependent on the R&D intensity and R&D productivity
and negatively on the number of high-tech firms.

This elementary description of the model has made clear that growth and unem-

ployment are simultaneously influenced by labour market institutions, preferences, and
characteristics of the high-tech and traditional sector. Part I and II of the thesis will be
devoted to the development, description and analysis of general equilibrium models in
which growth, unemployment and non-competitive wage differentials are simultaneously
and endogenously determined. This allows   us to study these important characteristics   of

the economic performance of countries as well as their interrelatedness in a single and

coherent framework.

1.4.2.1 A two-country perspective

The main emphasis in Part I of the thesis is on the relationship between relative produc-

tivity and unemployment. A two-country model is of course a minimal prerequisite to

gain insights into the development of relative productivity levels. The introduction of a
two-country model raises the question about the external relatedness of sectors, that is,
how the productivity of the tradeables sector in one country affects the productivity of
that   sector in another country. In general, technological progress   can be conceived either
as  a  'free  good',  as a by-product of other economic activities,  or as the result of intentio-
nal R&D activities in private firms.   It   is now increasingly accepted   that the third source

(innovation, as the outcome of intentional activities in private firms) is one of the most
important sources of technological progress in OECD economies ((f. Dosi (1988), and
Fagerberg (1994)). The technology-gap approach to economic growth conceives techno-

logical differences as the primary cause for differences in productivity levels across

countries. Backward economies may catch up by learning from the experience in the
leader country. As Gerschenkron (1952) has pointed out, catching up is not conceived as
being automatic, but requires adequate preconditions to imitate the technological leader,
which often contains an element of innovation of its own. A certain level of R&D, for
instance, is a necessary condition for successful imitation (cf Fagerberg (1994)). Barro
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and Sala-i-Martin (1995) describe this leader-follower mechanism as follows (p. 281)

'The diffusion of technology from leading economies to followers involves
costs of imitation and adaptation. We assume that these costs are lower
than those for innovation when very little has been copied, but rise as the
pool of uncopied ideas gets smaller. This cost structure implies a form of
diminishing returns to imitation and thereby tends to generate a pattern of
convergence.     Follower    countries    tend    to    grow   faster    the    greater   the    gap

from the leaders. This process is, however, conditional, in that the growth
rate depends, for a given technological gap, on government policies and

other variables that influence the rate of return to imitation in a follower
economy.

The idea that high-tech firms in a backward country can learn from firms in an advanced
country in a two-sector two-country model will be incorporated in our model (see also
Van de Klundert and Smulders (1996)). In other words, the backward country can copy
production processes at a relatively low cost and has an opportunity to catch up (cf.
Krugman (1990), Barro and Sala-i-Martin (1995)).

Trade is assumed to take place in differentiated goods produced in the high-tech
sector. We thereby incorporate the idea that advanced economies with similar tastes

predominantly exchange very similar substitutable products. The models we develop in
part I of the thesis can thus be classified under the heading of the 'new trade theory'
(e.g.,  Krugman (1990)). In addition, we assume  that the products of the traditional sector
are non-tradeables. The inclusion of a non-tradeables sector has various reasons. First of
all, it is important from an empirical point of view, as sheltered sectors constitute a large
part of the economy (a point which is forcefully made by for example Obstfeld and
Rogoff (1996)). Secondly, we want to focus - among other things - on the dual character
of the labour market. In order to be able to do so, we need two substantial sectors that
make   up the economy. Tradeability of traditional goods has therefore   to be excluded   as

this makes possible full specialization. Finally, the distinction between a tradeables and a
non-tradeables sector is important in relation  to the knowledge spill-overs  in our model.   It

seems reasonable to assume that these spill-overs are most prominent in the tradeables
sector. We refer to Coe and Helpman (1995) for an empirical study on this issue,
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confirming the significance of R&D spillovers, which are stronger the more open an
economy is to foreign trade.

Finally, assumptions   have   to   be   made with respect   to the mobility of factors   of

production. We will only consider models in which both labour and capital are assumed
to be immobile across countries. Especially the latter assumption may seem restrictive.
However, there is a large mainly empirical literature arguing that this assumption may be

appropriate. In a seminal paper, Feldstein and Horioka (1980) conclude that additional
savings   in a country generally result in equal increases in investments   in that country,
suggesting that capital is immobile. Other evidence    on the immobility of capital     is

obtained by studying real interest rate differentials across countries that suggest that there
are important barriers to the international mobility of capital. We refer here to Gordon

and Bovenberg (1996) for an extensive overview of the literature on this issue. One of the
explanations as to why capital is so immobile, provided by Gordon and Bovenberg, relies
on the asymmetric information between countries. Although  we  do not model it explicitly,
the importance of asymmetric information can be used as an argument for the assumed
absence of capital mobility in the models we develop. This is especially true since
investments in the world as we model it are investments in R&D aimed at improving
technologies that are firm-specific and contain important elements of tacitness.

Let us now be more precise about the contents of the three chapters that constitute
the first part of the thesis. The general question that we will address is whether the
incompleteness of the process of convergence that we observe empirically can be
associated with the striking difference in unemployment performance between Europe and
the USA. The model that we develop in chapter 2 gives a clear and easy to grasp
overview of all the basic issues that are operating play in part I and II of the thesis and
can be  seen  as a mathematical representation  of the model we sketched in section  1.4.2.
The simplicity of the model is reflected in that (i) growth is modelled as an externality
resulting from production, (ii) intertemporal considerations play no role in the determina-
tion of unemployment, and (iii) the number of firms in the high-tech sector is
exogenously given. The model suggests various (hypothetical) reasons for the intriguing
empirical fact that European countries were catching up with the USA in the fifties and
sixties and lagging behind afterwards. The recognition that the sectoral structure of
economies and institutions on the labour market are important for understanding the

development of relative productivity levels among countries is crucial.
Chapter 3 extends the model presented in chapter 2 in three respects. It presents a



34 Chapter 1

two-country leader-follower model with endogenous growth, resulting from intentional

investments in R&D, and equilibrium unemployment that results from the duality of the
labour market and intertemporal considerations by workers. In addition, the number of
firms in the high-tech sector is determined on the basis of free entry and exit of firms in
this sector. The chapter starts from the empirical observation that virtually all advanced

countries have gone through a process of reducing fixed costs which was triggered by the
dramatic decrease in transportation and communication costs, and mainly achieved by
laying off middle management. At the same time, the bureaucratic burden, which we
define as the ratio of managers to total labour input, has increased. From this evidence,
three questions arise. The first   is how downsizing   and the increase    in the bureaucratic

burden can be reconciled. Secondly, we deal with the question of whether there is a

relationship between downsizing, relative productivity levels and growth. Finally, we look
at whether there is a connection between downsizing and the rise in the rate of unemploy-

ment  in the follower country.
In    chapter    2, we consider what happens during the transition    of a backward

economy to its steady state under the assumption that firms employ an exogenously given

R&D  intensity,  and not modelling intertemporal considerations  in the determination  of

unemployment. In chapter 3, we only consider steady state analysis, but now allowing for
an endogenously determined R&D intensity as well as intertemporal considerations in the

determination of unemployment. Chapter 4 to some extent integrates these two approaches

by discussing the issues that are at play during the transition to its steady state of a small

open two-sector economy with a dual labour market. This will be done in a model with
an endogenously determined R&D intensity, intertemporal considerations on the labour

market, and a prevailing regime of blocked entry. The issue of transitional dynamics is of

considerable interest both from a theoretical and an empirical point of view. We analyze
how firms react to changes in the productivity bonus that occur during the transition, and

we   analyze   how this results in changes in growth, relative productivity, unemployment,
and the inter- and intrasectoral allocation of labour.
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1.4.2.2 A closed economy perspective: Growth and unemployment

The main emphasis in the second part of the thesis is on the modelling of the labour
market. Readers particularly interested in this topic may skip part I and immediately start
reading chapter  5. The first purpose  of this chapter  is to address the costs and benefits  of
waiting for a well-paid job as an unemployed job-seeker in the context of an endogenous

growth model characterized by a dual labour market and optimally determined investment
decisions  in  R&D. The model  that we develop allows  us to study the relationship between

endogenous growth and unemployment in a general equilibrium framework. The analysis
will be performed under  both the regime  of  free and blocked entry. The characteristics   of
the model under the two alternative regimes will be compared. The chapter, as such,
provides an extensive presentation and discussion of the labour market underlying the
models in chapters 3 and 4. The second purpose is to study how the competitiveness of
the environment in which high-tech firms operate, and labour market institutions affect

both growth and unemployment. These exercises are interesting from both a theoretical
and  a policy point  of  view. The common wisdom  on the importance of competitive forces
is expressed in the OECD Jobs Study (cf. OECD (1994, p. 23 and 53)) when it proposes
that  'Establishing a competitive environment could [...] improve job prospects  by  both

eliminating wage premia and encouraging output expansion'.  We will analyze whether
this common wisdom is confirmed   by the analysis   of our model. The importance   of
labour market institutions for understanding unemployment is by now fully acknowledged.
The effects of, for example, unemployment benefits on unemployment are widely agreed
upon (see OECD (1994)). Not much is known, however, on the effects of unemployment
benefits on economic growth. These effects will be considered in the context of our
model. The importance of institutional and organizational factors  on the effort of workers
has been stressed in historical studies on the relationship between economic institutions
and economic performance (e.g., Lazonick  (1991)). The model  that we develop provides

a framework to study the effects of these organizational factors. This will be done by
extending the modelling of efficiency wage considerations that we used in part I. Effort of
workers can no longer only be influenced by wages (as we assumed in part I), but also by
the intensity with which workers are monitored. We will study how growth, unemploy-

ment, and relative wages are influenced by the way effort is elicited from workers.

Chapter 6 concludes our study on growth and unemployment. It models a simple
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economy with a dual labour market, an exogenously given R&D intensity, an exogenously
given number of high-tech firms, and no capital market. It serves three main goals. First,
it shows how the duality of the labour market with non-competitive wage differentials can

result from the presence of trade unions. We apply the model to study the effects of the
presence, strength, and way of organization of trade unions for growth and unemploy-

ment. Secondly, the model allows us to study the consequences of the presence or
absence of a capital market for the interrelatedness between growth and unemployment.

Finally, we develop a model to consider the consequences   of an institutional design   that

links benefits to previous earnings resulting in large replacement rates. This exercise is
interesting for several reasons. First, it requires an alternative model in which the reason

for people to become unemployed is no longer that it increases the likeliness with which a
well-paid job can be acquired (as is assumed in chapters 2-5), but that it has an immediate

pay-off due to high benefit payments arising from an institutional design. This alternative

model reveals that the result that growth and unemployment are intimately related in a
model characterized by a segmented labour market does not hinge on the specific

assumption that unemployed people are more easily matched with high-tech jobs than

traditional sector workers. Furthermore, it enables us to show that the way the labour

market is designed affects the relationship between growth and unemployment and that,

depending on the institutional detail of the labour market, some policies may affect

growth and unemployment in different ways. Secondly, the exercise is interesting from a

policy-point of view, since linking unemployment benefits to previous earnings in the

presence of a dual labour market may be an important cause of equilibrium unemploy-
ment (see, for example, the OECD Jobs Study (1994) for such an argument).

1.4.3  Economic  growth  and  sectoral  structure

In part III , the focus is on the relationship between the sectoral structure of an economy

and economic growth. This topic will be studied in three more or less independent

chapters. We start chapter 7 with a description of developments of sector shares in terms

of value added and employment, using data from the OECD International Sectoral Data

Base   (1997).   We then develop a simple multi-sector model that allows  us to analyze  the

importance of differential productivity growth and consumer preferences (in particular
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non-unitary income elasticities, and non-unitary elasticities of substitution between goods
from different sectors) for understanding sectoral developments as we witness them
empirically. The model that we will develop incorporates some ideas from the theory of
endogenous growth. Given the current debate on deindustrialization witnessed in advanced

economies, special attention will be paid to developments in manufacturing employment.

One of the elements that may explain why the share of manufacturing in total
employment has declined over time is that firms in the manufacturing sector may have
'outsourced' activities to the service sector that were previously performed internally.
Chapter 8 will consider this explanation and discuss what factors may have contributed to
the decision of firms to engage in outsourcing. The consequences of outsourcing for

growth, product variety, and economic welfare will be analyzed. This will be done by
developing a model in which production activities are divided into core and non-core

activities. Non-core activities  can be performed both within  the   firm  and  can be mediated
by the market. Outsourcing takes place once it is profitable for firms to acquire the non-
core activities via the market instead of producing them internally. This profitability is,
among other things, determined by transaction costs, the relative scale of core versus non-

core activities, and the management costs associated with the alternative regimes of in-
house provision of non-core activities versus market mediation.

Part III is concluded with a welfare theoretical analysis in which we study the

optimal inter- and intra sectoral structure   of an economy. The model   that we develop
modifies the engine of growth that we used in the first two parts of the thesis. Instead of
assuming that product variety directly enters utility because consumers have a love for
variety, we assume that product variety   has a positive productivity effect. Producers   of

final consumption goods use high-tech goods as intermediate inputs. The more varieties

(and thus producers) of intermediates are available, the greater the productivity will be.
However, a large number of producers of intermediates also implies that the market for
intermediates has to be shared with more producers, reducing the profitability of R&D
activities. The imperfect competition that prevails among the producers of high-tech goods

gives rise to mark-up pricing and results in distortions in the use of inputs by producers

of final goods. There are, in other words, several distortions operating in the model that
may give rise to sub-optimal investments in R&D, a sub-optimal number of producers of

intermediates, and a sub-optimal size of the total market for intermediates. We analyze

whether the inter- and intrasectoral allocation of labour is optimal from a social point of
view. In addition, we show what policy might be needed to decentralize the first best
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social optimum. Decentralization of the first best solution is shown to generally require

two instruments to correct for the market failures that are present in the model. Finally,
we generalize the engine of growth by allowing some measure of the total amount of
knowledge instead of average knowledge to feature in the engine of growth and to analyze

the consequences of this generalization. This exercise is interesting in the light of the
debate on scale effects.

One final remark is in place. Each chapter of this thesis was initially written in the format
of a paper and later rewritten as a chapter. We have tried to make each chapter self-
contained so that it can be read independently from the other chapters, while at the same
time avoiding overlap between the chapters as much as possible. Some overlap is however

unavoidable. Issues that recur various times in this thesis, are discussed in depth in one
particular place. These include an overview of the existing literature on growth and
unemployment (section   1.2), and growth and sectoral structure (section   1.3), the growth
block   of the model (section   1.4.1),   and the integration   of an imperfectly competitive

labour market with the engine of growth of the model (chapter 5).



Chapter 2

Unemployment and Catching Up: Europe vis-8-vis the USA'

This chapter develops a two-region two-sector endogenous growth model with a
dual labour market based on efficiency wages. Growth is driven by research done
in the (high-tech) tradeables sector. Both the number of high-tech firms and the
research intensity in the high-tech sector are exogenously given. The follower
region tends to catch up in terms of labour productivity with the leader region.

Differences in unemployment compensation systems can lead to relative conver-
gence,   i.e., a steady state   with the backward region lagging behind the leader
region. The reason for this is that high social welfare compensations generate high
unemployment and reduce the amount of labour employed for R&D purposes.

2.1 Introduction

After World  War   II, the European countries drastically increased their productivity levels
relative to the United States. In the 1970s and 198Os, however, convergence slowed down
and European productivity levels are stabilizing at some distance from their US counter-

parts   (both  on a macroeconomic and sectoral level). This observation is underexposed   in
the empirical literature on economic growth. Most of this literature contains multivariate
tests of single equation macroeconomic growth models on large cross-country samples.

However, these studies      all face serious econometric problems of simultaneity,

multicollinearity, and limited degrees of freedom. Furthermore, the development of
empirical tests to discriminate between existing growth theories has turned out to be a
formidable task, given the subtle implications of the theories. The possibilities to draw
inferences from international   data is therefore limited ((f Mankiw   (1995)). The estima-

tion of a single-equation macroeconomic model iS thus an activity to which there are now

  This chapter is a slightly modified and extended version of De Groot and Van Schaik (1997).
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sharply diminishing returns. One way to remedy this would be to test more complete
models, not only reduced forms, with a sharper focus on sectoral and institutional
structures (« Fagerberg (1994), and Olson (1996)). This may reveal that the process of
catching up with the USA not only depends on the extent of the productivity gap, but also
on the interaction of labour market institutions with the sectoral structure of the economy.
Comparing the post-war economic performances of the European Union and the United
States, there are strong indications that labour market institutions do matter very much
(e.g.,   Bean (1994) , OECD    (1994)). This performance is characterized by historically
unprecedented low European levels of unemployment in the 1950s and 196Os, the period
of catching up with the USA. In the late 196Os, however, European unemployment started
to rise steadily, whereas   the US unemployment rate periodically returned   to its 'natural
rate'.

The answer to the intriguing question of why European countries do no longer
increase their productivity level relative to the USA is still a very open one. This chapter
develops a simple two-region endogenous growth model with tradeable (high-tech) and
non-tradeable (traditional) goods, to shed some light on this question. Trade takes place in
varieties of a differentiated product, so that the model can be classified under the heading

of  the 'new trade theory' (e.g., Krugman (1990)). Within this context, the question
whether sectoral structures can differ among countries in such a way that they hamper or
speed up economic growth is dealt with. Thereby we will mainly focus on the role of
unemployment compensations in determining the sectoral allocation of labour. In
distinguishing Europe from the USA, it is evident that these systems differ a lot between
the two regions, both in duration and in height. It will be argued that the generosity of
unemployment compensations in Europe led to a society with relatively few people from
the total work force employed in the high-tech tradeables sector of the economy. As, in
our model, technological progress stems from this sector, there is a direct link between
the generosity of the unemployment compensation system and economic growth. Thereby,
we add to the scarce amount of literature on the relationship between economic growth
and  unemployment  (e.g.,  Bean and Pissarides (1993), Aghion and Howitt  (1994),  and
Bean and Crafts (1995)).2 All these studies focus on distortions in the demand for labour.
In contrast, we focus on distortions in the supply of labour resulting from generous unem-

ployment compensations and non-competitive wage differentials. Furthermore, we model

2         See  chapter  1  for an overview  of the available literature on growth and unemployment.
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unemployment as resulting from efficiency wage considerations playing a role in one
sector only, which allows us to address the problem of unemployment in the context of a
dual labour market. The presence of these efficiency wage considerations can be seen as
an institutional factor that is the most important in determining the distribution of labour
across the sectors    of the economy. Another contribution    to the literature    is    that    we

address the problem   in the context  of a two-country model, which allows  us  to  look  at  the

potential effects of labour market institutions on the relative performance of countries,
both in terms of unemployment and growth.

The introduction of a two-region model raises the question about the external
relatedness of sectors, that is, how the productivity of the tradeables sector in one region

does affect the productivity of that sector in another region (see chapter 1 for a dis-
cussion). We start    from the assumption that innovation   as the outcome of intentional
activities in private firms is one of the most important sources of technological progress

in OECD economies (cf Dosi (1988), Fagerberg (1994)). Recently, Van de Klundert and

Smulders (1996) have incorporated the accumulation of firm-specific knowledge and the
idea that firms can learn from each other in a two-sector two-region model, distinguishing
traditional and high-tech goods, which can both be traded between regions. We follow
these authors by assuming that the backward region can learn from the advanced country,

but not the other way around. In other words, the backward region can copy production
processes at a relatively low cost and has an opportunity to catch up (4. Krugman (1990),
Barro and Sala-i-Martin (1995)). However, in contrast   with the usual assumptions   in   the

literature on trade and endogenous economic growth, we allow labour market institutions
and  unemployment  to  play a prominent  role  in our model. In addition, we assume  that  the

production of traditional goods only takes place in the non-tradeables sector. The
inclusion of a non-tradeable sector has various reasons. First of all, it is important from
an empirical point of view, as sheltered sectors constitute a large part of the economy.

Secondly, we want to stress the coincidence of imperfect competition in product markets

and wage differentials in labour markets. In order to be able to do so, we need two
substantial sectors    that    make    up the economy. Tradeability of traditional goods    has

therefore to be excluded as this makes possible full specialization (4 Van de Klundert
and   Smulders (1996)). Finally, the distinction between a tradeables   and a non-tradeables

sector is important in relation to the knowledge spill-overs in our model. It seems

reasonable to assume that these spill-overs are most prominent in the tradeables sector.
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We  proceed as follows. Section 2.2 presents the model. Equilibrium unemploy-
ment and the allocation of labour over sectors is discussed in section 2.3. The division of
labour over sectors turns out not to depend on the dynamics of the model (which is a
specific feature of the model of this chapter, as will be explained and illustrated in
chapters 4 and 7). These dynamics will be presented in section 2.4. The model predicts
that (nearly) symmetrical countries, only differing in their initial labour productivity
levels in the high-tech sector, will fully converge. However, if sectoral structures differ
between countries, this will no longer hold. In this case, there are possibilities for
leapfrogging or relative convergence, i.e., steadily lagging behind the leader region.  The
results will be used to shed some more light on the development of the countries of the
European Union vis-a-vis the USA in the post World War II period. Thereby, we will
focus on differences in the system of unemployment compensations between the two
regions. We conclude in section  2.5.

2.2 A dual economy

The world consists of two almost identical regions with two differences only. Firstly, the
backward region (the European Union, labelled region 2) initially has a substantially
lower labour productivity in the high-tech sector compared with the leader region (the
USA, labelled region   1). The initial positions are inherited  from  the past. Secondly,   the

welfare systems (as represented in the model by an exogenous unemployment compensa-

tion) differ between both regions. Each region produces two types of goods, viz. non-
tradeable traditional goods and tradeable high-tech goods. The factors of production are

labour, firm-specific knowledge, and firm-specific efficiency of workers. In each region
there are N firms  (i   =   1,..,Al)  in the high-tech sector, which compete monopolistically
on the world market for 2N varieties of the high-tech products (N is exogenously given

and is assumed to be sufficiently large so that competition is monopolistically i la
Chamberlin). Each firm is assumed to produce a unique brand.

In the non-tradeables sector there is unitary labour productivity

Y = Ly,                                                          (1)

where Ly stands for the number of workers employed in the non-tradeables sector, and Y
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is the production of non-tradeables. Assuming perfect competition in the non-tradeables

sector, the price of a non-tradeable good equals labour costs

Py  =  wy,                                                                                                                         (2)

where Py denotes the price of non-tradeables, and wy is the wage rate in this sector.

High-tech firms employ direct or productive labour (L„) for production of goods
that has labour productivity ht, and efficiency e„ leading to xi units of output

xi = hieiLm.                                                    (3)
The efficiency of a high-tech production worker is a variable that can be affected by the
wage setting behaviour of the firm. The variable h, on the other hand depends on

international forces and the number of workers employed in the Research and Develop-

ment  lab  of the  firm  (hi  will be further explained in section  2.4). To simplify the analysis,

we  assume  that  each firm employs a fixed proportion  BC > 0)  of the number of production

workers in R&D activities

L,  =  BLXi,                                                                                                (4)

where 4, is labour employed in R&D activities. 1

Total nominal income (I) consists of labour income and profits (Nsr,)

I  = wyLY  +  Nwzy (Lxi  +  Lri)  + Niri, where

Tri = Px,xi - wn(LS, +Lri) .

Here pg, is the price of the tradeable good i, and wn the wage rate of firm i. Substituting

3   We thus implicitly assume that firms employ research labour according to some rule of thumb.
Alternatively, in chapters 3-5, we explicitly determine the number of research workers on the basis of
intertemporal optimizing behaviour of firms, which explicitly take into account the fruits of employing R&D
labour in terms of increased future productivity. In that case, the firm allocates its labour among production
and research in such a way that the marginal productivity of labour in the two activities is equalized. In
equilibrium, each firm employs a fixed proportion (13) of its production labour to R&D activities.
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4 and equations (1) and (2) results in4

I = PYY + Npx,xi.                                                                  (5)

Based on a two-step optimization procedure where consumer-preferences are specified
according to a Cobb-Douglas consumption index, we derive that consumers spend a
fraction a of total nominal income on high-tech (tradeable) goods and a fraction (1-a) on
traditional (non-tradeable) goods. Preferences between traditional and high-tech goods are
assumed to be identical across regions. For the non-tradeables it can then be derived that

(1 -09  =  YPY.                                                                                                                            (6)

Preferences over varieties are also uniform across regions and are given by a CES-
function (4 Dixit and Stiglitz  (1977),  with an elasticity of substitution equal  to  /( > 1)).
Consequently, world demand    for any variety produced in region    1    relative to world
demand for any variety produced in region 2 (assuming symmetry within a regions)
depends on the relative price of these varieties (see the appendix of chapter 3 for a formal
derivation of this result)

/  1 \1

xi = I fi I                                                                 (7)2|2
x    (Px j

This relationship holds for both regions and will only occur once in the fully specified

model.
High-tech firms maximize their operating profits,6 using labour input    and    the

wage rate as their instruments. This behaviour results in a fixed mark-up over labour

costs,   and   a   wage   rate   that is chosen   such   that it minimizes labour costs resulting   from

4    As there are no international capital flows in the model, trade must be balanced at every moment in
time. This requires that the value of spending equals national income.

5     Because of this assumption we will omit the brand-indices i from this point onwards.

6     See Appendix A for a formal statement and solution of the maximization problem of producers.
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production (yielding the so called Solow-condition). The mark-up relation is written as

e wr                         (8)Px = s -leh

This relationship shows that real wages in the tradeables sector increase with labour

productivity h. Unit real labour costs (w,/ehpx) equal (8-1)/6, and are therefore invariant
with respect to labour productivity growth.

We assume that the efficiency wage relation is only operating in the high-tech

sector. Empirically, this assumption seems justified. Studies by Brown and Medoff

(1989), Gera and Grenier (1994), and Krueger and Summers (1988), have revealed (i)
that there is a inter-industry wage structure that is significant and persistent over time,

and (ii) that this wage structure cannot be explained solely on the basis of standard

competitive factors like differences in skills, working conditions, etc. High-paying
industries seem to contain large, capital intensive firms with extensive product market

power. These are the characteristics that we attach to the high-tech sector.

Following Akerlof (1982), the main reason in our model for the high-tech firms to
pay efficiency wages is based on sociological considerations. The idea is that each worker

has a certain perception of the amount of effort that a 'fair' employer can ask from him.

The employer can affect this fair amount by changing the wage he pays. The more he
pays, the higher the notion of the worker of the fair amount of effort to be supplied to the
employer. The importance of this type of sociological considerations for explaining

various phenomena in the labour market is increasingly acknowledged (see for example

Kahneman, Knetsch and Thaler  (1986) and Solow  (1980)).
With respect to the specification of the effort relation we also follow Akerlof

(1982). The efficiency of a worker in the one sector (tradeables) depends on the wage he

earns related to the wage of a worker in the other sector (non-tradeables)7

f WT )7                         1e=-a  + cl-1, where - <y< 1,a > O  andc-a  =  1.(9)
l WY'1                        C

This formulation guarantees an interior solution of the profit-maximization problem for

the    firm (see Appendix A). Invoking the constraints    on the parameters implies    that

7   We refer to chapter 5 for a more general formulation and further discussion of efficiency-wage
considerations.
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WT> wy at the optimum.  In this case, the Solow-condition reads as

WT_la 14 (10)
wY   -  [c(1-y) j

This condition states that the firm will increase its wage as long as a one-percent increase
in wages leads to a more than one percent increase in effort. It turns out that the model
exhibits relative nominal wage rigidity (note that the real wage rate in the traditional
sector equals one, so that relative real wages come down to real wages in the tradeables

sector). Substitution of equation    (10) into equation (9) gives the optimal effort    by
employees in the tradeables sector, viz.

e' = a -L.
1-Y

The labour market consists of three segments, viz. employment in the tradeables

sector, employment in the non-tradeables sector and unemployed labour. This leads to

L = LT+ Ly + U. (11)

where U is the number of unemployed. We will normalize total (exogenous) labour
supply  at  one  (L= 1),   so  that  Lr,  Ly  and   U can further  be  seen as ratios. Total labour
allocated in the tradeables sector equals

LT  =  N U.x  + L,). (12)

We assume that labour is immobile over regions and perfectly mobile within a region.
Unemployed people receive a real unemployment compensation equal to b, expressed in
terms of the non-tradeable good. Consequently, the nominal compensation equals bPy.
This compensation is paid out of lump-sum taxes on labour income, so that total income
available  in the economy is still described by equation  (5).   It is assumed  that  the  net  real
wage earned in the non-tradeables sector is higher than the real unemployment compensa-

tion,  so  that the unemployment compensation  b  must be sufficiently smaller  than  1.  In
principle,  all the people being unemployed or working  in the non-tradeables sector would
like to be employed in the tradeables sector, as this leads to an improvement in their
earnings.

With respect to the unemployed we assume that the tradeables sector only recruits
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workers from the pool of unemployed (see later chapters for a generalization) and that in
equilibrium the unemployed are indifferent between accepting a job in the non-tradeables

sector and remaining unemployed8  (see, e.g., Bulow and Summers  (1986), and Burda

(1988) for a similar kind of analysis).  If the percentage of jobs which will open up in the
tradeables sector is denoted by 6, the probability for an unemployed of finding a job in
the tradeables sector equals  6L4 U. The numerator  of this expression describes the number
of jobs that falls free in the tradeables sector every period. The denominator gives the
number of people that is waiting for a job in this sector. A worker is indifferent between
remaining unemployed and accepting a job in the non-tradeables sector if (note that
Py=W )

(6LT) (    aL..)

WY =  -UJ'5 +  1 - -U'jbwY, where Ogb<1. (13)

Basically, this relationship says that the expected pay-off from accepting a job in the non-
tradeables sector (left hand side) is the same as the expected pay-off from waiting until a
job in the tradeables sector falls free and remaining unemployed in the meantime (right-

hand   side). In later chapters   we will allow for intertemporal considerations of workers   in

their decision where to allocate on the labour market.

For each region the model counts 12 equations and 12 unknowns, viz. 4, 4, Lr,
Ly, x, Y. U, e, w,/Py, w4Px, w /wy and I/Py Equation (7), which determines the terms of
trade Pgl/P/2, applies for both regions. The development of labour productivity h will be
explained in section 2.4 by two dynamic equations. For the moment we have 25 equations

and 25 unknowns in total, so that the model can be solved. According to Walras' Law
one equation should be redundant, but we already left one equation (stating that total

income is spent on consumption) out. The model is only solved for real variables. Real

income has been denoted in terms of non-tradeables, but given the solution for all relative
prices, real income in terms of tradeables can easily be derived.

8  This is equivalent to saying that a person employed in the non-tradeable sector is indifferent
between becoming unemployed and remain working in the non-tradeable sector. Bulow and Summers (1986)
find this assumption  to be justified both theoretically and empirically.
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2.3 The allocation of labour

The solution of the model is straightforward. After substituting equation (10) into
equation (13) we get

u  = _E_.baL where  w   i  [       a      ly
1-b T,           lc(1-Y)]

Note   that   w( - w/wy) > 1,   and by definition  b< 1,   so   that   U/LT  will   rise   if  one   of  the
parameters a, b, or 6 increases. According to this relationship, there is a positive
correlation between unemployment and high-tech employment. This is a typical feature of
dual labour market models of this kind and these models are often criticized for this
feature  (see, e.g., Lindbeck and Snower (1991), and part II of this thesis  for a discussion
of this critique). Two remarks are important to note here. First, it is not the size of the
high-tech sector   per   st that matters,   but the number  of jobs falling   free   (64).   It  is   well
known  from the search literature (e.g., Aghion and Howitt  (1994)) that higher growth
(resulting from a larger high-tech sector in the underlying model) increases creative
destruction and consequently increases the rate of job separation and equilibrium
unemployment. Though this mechanism is not explicitly modelled here, it can be used as
an argument for the positive relationship between unemployment and high-tech employ-
ment. Secondly, unemployment in our model results from supply distortions and should
be  conceived  as wait unemployment,  i.e., more workers deliberately queuing  up  for high-
wage jobs the more of these jobs will fall free. It is this difference in institutional setting
of Europe vs. the USA that we want to focus on and that we conceive as an important
element in distinguishing the unemployment performance of the two regions.

Combining the equation for the number of unemployed with the labour constraint,
equation (11), yields

L    -1-   1  +  6((0 -b)1 L (A)
Y           [        1-b  Jr.

What this equation basically says is that a rise of employment in the high-tech sector and
the accompanied increase in the number of unemployed people leaves less workers to be
employed in the traditional sector. The second relationship between Ly and Lr fullows
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from the other equations Of the model

1-0 e   1
Ly   =   w SLT, where  S   -                                                                                                                     (B)

c  g-11+B

Note that 0<a<1,   B>O  and   E>l,s o   that   S> O. This equation shows   that,   for   the
circular flow to be in equilibrium, an increase in employment of the high-tech sector must
be accompanied with an increase in employment of the traditional sector.

Equating (A) and (B) gives the solution of the model in terms of 4. Note that in
equilibrium the sectoral allocation of labour over sectors is fixed, i.e., independent  of  the
development of labour productivity (h) over time, which will be explained later on. In
Figure   2.1, we graphically represent the solution   of the model. Total labour is decom-

LY
A                                  (B)

(A)

11
1 I full employment11111111

1           45'

o              L---u---J                    LT

Figure  2.1  Goods  and  labour  market  equilibrium

posed over employment in the non-tradeables sector, employment in the tradeables sector
and  unemployment. The slopes  of the curves  (A)  and  (B)  are  1 +6(w-b)/(1-b) and  wS,

respectively. The full-employment line describes all possible divisions of labour over
sectors for 6=0. In this case, there is no reason for people to remain unemployed as no
new jobs  will  open  up  in the high-wage sector.  If 6 > 0, however, there is unemployment
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as  6(w-b)/(1-b) > 0. The level of unemployment is determined by confronting the equilib-
rium  of the model,  i.e., the intersection of line  (A)  and  line  (B),  with the full-employment
line.

The comparative-static analysis will focus on changes in the parameter b which is
a measure for the generosity of the unemployment compensation system, and an
exogenous change in labour productivity (h) in the high-tech sector of the follower region.

The   results are summarized in Table 2.1, where   we   look  at the effects for region  2.

Besides (un)employment levels, we also consider the wage-ratio between sectors

W T_ [  a  1 
wy - [c(1-Y)] '

the price-ratio between tradeables and non-tradeables

px   -  wT    e     1 -Y  11
Py       wy  E-1     y     ah'

and the price-ratio in the high-tech sector,  i.e., the terms of trade

2      .1    2
x i  1-          Wr  e l   h l

 -1 21    -  .;:) 7 P .rx

The wage ratio is known from equation (10). The ratio of prices of high-tech and
traditional goods   (i.e., the intraregional terms of trade) follows from combining  the

equations (2) and (8) with the optimal efficiency of high-tech workers. The (interregional)
terms of trade is explained by equation (7) and equals the price-ratio in the high-tech

sector which is obtained by applying equation (8) to each region separately and then

dividing.
It  is  important  to  note that preferences  (i.e., the parameter  a)  do  not  show  up

(directly) in these ratios. Relative prices are determined by relative wages (which   in  turn
are fixed by the parameters of the efficiency wage relation), and the development of
relative labour productivity in course of time. The productivity ratio within a region (i.e.,

between traditional and high-tech goods) is 1/h, whereas the productivity ratio in the
high-tech sector (i.e., between the backward region  and the leader region)  is  h2/hi.  The

latter ratio will further be denoted by d.
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Table 2.1 Comparative-static results (for region 2)

Increase of Effect on

U     LT Ly X WTJWY PJPy pbp:    pbpj

l,2                +--                 0        0         +         +

d           000+     0-              +

Note: The increase in d is due to an increase in /12

Another important characteristic of the model follows from the assumption that the
regions are symmetrical with regard to the parameters of the efficiency-wage relation (and
the   strength of competition captured   by the parameter   E),   so that relative nominal wages
(w/wy) and the effort levels are the same  in both regions. This implies that

WY   .   WT   .  . 2   -  d p2
1 1    -1Wy WT ry p,l

The  interregional wage ratios equal each other and  (as E > 1) these ratios  will  rise  if the
productivity ratio d increases. These ratios can be rewritten as

d=        =
pic 'pt   4 1 pt
pyl    pxl         WT     px

1  1'

showing that relative productivity levels are fully reflected in both the ratio of the
intraregional terms of trade and the relative real wage in the high-tech sector. This
dichotomous character of the model causes the sectoral allocation of labour to be
independent on the relative productivity, as the productivity ratio in the high-tech sector is

fully reflected in relative real labour costs:

9 This result relies on several assumptions. We show in chapter 4 that once we drop the assumption
of an exogenously given R&D intensity (13), and the absence of intertemporal considerations in workers'
decisions where to allocate on the labour market, the sectoral allocation of labour will no longer be
independent of relative productivity. In chapter 7, we will allow for a more general specification of
consumer preferences by allowing for non-unitary income elasticties of demand for goods from different
sectors, and non-unitary substitution elasticities between goods from different sectors. Using for example a
Stone-Geary utility function in which there are subsistence requirements (allowing for non-unitary income
elasticities of demand) will result in sectoral reallocation of labour during the transition.
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Figure 2.2 looks at the effects of an increase  in the real unemployment compensa-

tion (b) in region 2. Line (A) turns clockwise around its intercept with the Lraxis. Higher
unemployment compensations make people more willing to wait until a job in the high-
tech sector falls free. This reduces employment in the non-tradeables sector, so that total
income diminishes. Accordingly, demand decreases. As a result, unemployment increases.

Labour becomes more expensive relative to labour in the other region. The (interregional)
terms of trade improves so that output and employment in the high-tech sector decrease.

LY A
(B)

\
\
\
\
\
\
\4-
\
\
\
\
\
\

\ (A) full employment
\
\
\
\
\

45'

0                                              LT

Figure 2.2 An exogenous increase in unemployment compensation

Thus a more generous unemployment compensation results in higher unemployment and
reduced employment in both sectors.

Further, we consider an (exogenous) increase in labour productivity of region   2,
which implies  a  rise  of the productivity ratio  in the high-tech sector  (d). The sectoral

structure of employment does not change, because there is no incentive to change the

demand for labour in the tradeables sector if the productivity ratio increases (being due to
pricing behaviour of high-tech firms (cf. equation (8)), which makes  unit real labour costs

insensitive for productivity changes; see also footnote 9). The increase in productivity is
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followed by a rise of high-tech real wages relative to high-tech real wages in the other
region. The terms of trade deteriorates, so that output of the tradeables sector in region 2

increases. Thus, in general, the model predicts that if the productivity ratio increases,
output of the high-tech sector in the backward region is growing faster than output of the
high-tech sector in the leader region. The dynamics behind the process of catching up will
be described in the next section.

2.4 Relative convergence

The technology-gap approach to economic growth conceives technological differences as

the primary cause for differences in productivity levels across regions. Backward
economies may catch up by learning from the experience in the leader region. As

Gerschenkron (1952) has pointed out, catching up is not conceived as being automatic,
but requires adequate preconditions to imitate the technological leader, which often

contains an element of innovation in its own. A certain level of R&D, for instance, is a
necessary condition for successful imitation (€f Fagerberg    (1994)). To model    this    we

follow Krugman (1990, Chapter 7), and Van de Klundert and Smulders (1996) and
assume that the dynamics of labour productivity in the two regions are given by10

.·1

L  =  EL,1, and (14)

ht

,· 2
1    = E d- '4 2. (15)

h 2

10    Note that the macroeconomic growth rate is a weighted average of the sectoral growth rates. More
concrete, the macroeconomic growth  rate  (gJ of region j equals  ah //h j. In terms  of the parameters  of our
model, the macroeconomic growth rate equals

gi  =  oc         1                    0          ,   where   M.  .ME.-bl, and j=l,2.
1 + eS + M N(1 + B)61'('-11 1-b

From this we derive the following results

f  >O; *A <O; *  <O. *Ago; f*A >O; f*  >O; f ;,O; f  <O.
ao   Be   ab  ' aN   BB   at   at   ad
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Here, 6(>0) stands  for an (exogenous) productivity parameter  in the  R&D  labs.  and L,  is
the number of workers employed in the R&D labs. As total labour L is normalized at
one, we can call L, the R&D employment ratio. High-tech firms improve their labour
productivity by investing in R&D. In addition, firms in the backward region (region 2)
can also learn from firms   in the other region (region   1) , for example by transferring   or
copying technologies from the leader firms, which don't have to be developed by the
followers on their own. Firms  in the follower country receive a productivity bonus  (d -9,
which is negatively related to d and positively to B. The parameter B measures the
strength of the (one-sided) spill-overs in knowledge between regions. The productivity
bonus is highly institutionally determined and contains for instance investments in physical
infrastructure, education, the quality of the legal system in the backward region, and the
preparedness or capability (in terms of, for example, technological congruence) of poor
countries to adapt new technologies.

Subtracting equation (14) from equation (15) yields

,· 2       ,· 1 ; <L1    
(16)

hi - ip  ,  3  -  C Ldi- 4'J I

This equation shows that the productivity ratio may increase, decrease or remain constant,
depending on the respective amounts of labour employed in the R&D labs, the strength of
spill-overs, and the initial productivity ratio. Thus the model can explain that an initially
leading region becomes a backward region (compare this with the leapfrogging-idea of
Brezis, Krugman and Tsiddon (1991)), that regions diverge, or that there is tendency for
regions neither to converge nor to diverge. In the latter case of a constant productivity
ratio, the wealth of nations measured in absolute productivity levels still increases,
because high-tech productivity is (steadily) growing. All these cases are relevant   from  an
empirical point of view, as has been widely documented in literature ((f. Maddison

(1995)).
The process of catching up will come to an end if d=0. The associated steady
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state locus is (using the equations (3), (4), (7), (8), and (16))

,t,j 121.zE
-=dz . (SSL)
W 

To investigate the dynamics of the model the steady state locus should be confronted with
the temporary equilibrium locus, which reads (after combining the equations (3), (4), (7),

and (8))

-W        dil-f: - 1 .                                                                                                  (TEL)
w       LTY

Behind the dynamics   of the model   is the mechanism of international trade.   It is important
to realize that according to mark-up pricing, the terms of trade depends positively on the
wage ratio in the tradeables sectors and negatively on the productivity ratio, viz.

Px  1 Wj
----

px       d  4.

The follower country initially faces a productivity ratio smaller than one and lower wages
than in the leader country. However, the lower wage ratio cannot fully compensate for
the    difference in labour productivity,    so    that the price    of the high-tech    good    of   the

follower country is higher  than the price  of the high-tech  good  of the leader country.   The

follower country will experience an increase in the market share in the world market for
high-tech goods if it is able to increase the productivity ratio and thus to lower the terms

of  trade. As Figure 2.3 reveals,   this will always  be  the  case  if  B > 8-1.   In  this  case  the

SSL is sloping downwards, so that the model is stable. 11 A relatively high value of B
implies more international spillovers, so that there is more room for price decreases in the

follower country. A relatively low value of e indicates that the (bundle of) product var-
ieties supplied by the follower country are substantially differentiated from those supplied

"        The  SSL is upward sloping  if  £-1 > p.   A  relatively large value  of £ implies small differences  in
varieties,   so that there   is much competition by prices.   In  this  case the model is stable   if TEL intersects   SSL
from  below.  In the intermediate case where  E-1 =f,  SSL is horizontal  at  w= 1  so the steady state is always
characterized by complete wage egalization.



56                                                                                  Chapter 2

by the leader country, so that the follower country can relatively easily compete on the
world market for high-tech goods (despite the lower productivity and higher prices
compared  to the leader country).

1*
04

9- .lil
TEL

E

S           I                      SSL

\                                                    d

Figure 2.3 The dynamics  of the model  (p> E-I)

Figure 2.3 depicts the dynamic evolution   of two regions that differ    in    two

respects. Region 2 initially lags behind region 1. Furthermore, region  2 is characterized

by a more generous unemployment compensation system, resulting in high unemployment
and a relatively low number of people employed in the R&D labs. The growth rate of
region 1 only depends on its research intensity and is thus constant (given constancy of
the R&D employment ratio over time). The development of region's 2 productivity
relative to region 1 is driven by two factors. It is positively affected by its 'backward-

ness', and negatively   by its relatively small research department. In Figure   2.3,    the

positive 'backwardness' effect dominates initially, resulting in catching up. Ultimately, a
steady state is reached in which the positive 'backwardness' effect is exactly offset by the
negative 'relative research intensity' effect. In the figure, starting from some initial
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productivity ratio (point S), the economy will move along the temporary equilibrium locus

towards the point where    SSL   and TEL intersect (point   ID.    In the steady state    the   two

regions    will    grow    at   the    same   pace,    but at different levels.    In the figure the follower
country has a smaller R&D employment ratio than the leader country, implying that in
the steady state wages are higher and productivity is lower than in the leader country. The

steady state productivity level comes down to 12

(L211  (L211

d"  =laI    -12)1   I

This result shows that persisting differences in productivity levels between regions can be
explained by persisting differences in employment shares of the tradeables sectors. As we
have seen in the previous section, interregional differences in high-tech employment

shares (and consequently in R&D employment ratios) crucially depend on differences in
the social welfare system. Higher unemployment compensations decrease the fraction of
workers in the high-tech sector relative to the total labour force, So that there is less
R&D.

2.5 Conclusion

The model developed in this chapter suggests various (hypothetical) reasons for the
intriguing empirical fact that European countries were catching up with the USA in the
fifties and the sixties and staggering behind afterwards. Crucial is the recognition that the

sectoral structure of economies and institutions on the labour market are important for
understanding the development of relative productivity levels among countries. The model

predicts that 'backwardness' and relatively high employment shares of manufacturing
were the driving forces behind European economic growth   in the fifties and sixties.    In

Europe, a generous unemployment system emerged in the late sixties. This change in

system lead to an increase in unemployment rates in the European countries, and reduced

employment shares in the manufacturing sector. The accompanied adverse effect on the

12   Notice that we deal with nearly symmetrical countries and that the only difference (apart from an
initial productivity ratio smaller  than one)  we  allow for between  the two countries  is  P > bl.
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number of people working in Research and Development can explain the subsequent

lagging behind (relative convergence) of Europe.
As argued in the introduction, macroeconomic growth empirics seems to have

reached a dead end. The great majority of the 'new growth' models are essentially one-
commodity models, with no structural change, no transitional dynamics, and lack of
attention to institutions. A promising way to breathe new life into growth empirics seems
to us the development and testing of multi-commodity models with a sharper focus on
sectoral structures, international differences in technical knowledge, and institutional
factors. The model  of this chapter contributes  to this class of endogenous growth models.

The model ends up with a dynamic equation for relative productivity growth, which
explains the process of catching up in terms of relative R&D intensities and initial
productivity ratios. Empirical research might take this equation as a starting point. A
more extended estimation equation is obtained after expressing the R&D intensities in
terms  of the parameters  of the model. Important institutional determinants  of the sectoral

structure (and thus of R&D intensities) are, among others, wage differences between

sectors, and the generosity of the compensation system. It should be noticed that, just like
in neoclassical growth empirics, the estimation equation is deduced from a consistent

framework, which serves as a disciplinary device to avoid testing without theory. Thus,
by regressing economic growth more directly on institutional factors of the labour market,
new empirical regularities might be detected, which will increase our understanding of the
complex process  of the development  of the wealth of nations.

Appendix A. Producer behaviour

In this appendix we will describe the behaviour of the firm that operates in the high-tech
sector.    Each firm maximizes its operating profits by choosing   wn   and L., Optimally.
Formally, this problem can be written as

/W \
Max   H  = Px, ell ---1 hi Lxi  -  Lxi Wn . (A.1)

L,;, wT; C WY)

subject to the efficiency wage relation (9) and the demand function for the variety the
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firm  produces. The first order conditions  for this optimization problem  are

DI[   _ (e-1 1
BLxi  -  le-jP,in' e,  -  wr,    =  0, and (A.2)

8II Bei   E-1

aw„  - p., h, L., .3 I;; {-I } -Lxi = 0.                           (A.3)

From equation (A.2) we can derive the mark-up relation

C WTI (A.4)
Px,  -  I-1-1  hiei

Combining equation (A.3) with (A.2) yields the familiar Solow-condition

ae, 31 = 1. (A.5)

8WT,    e i

If we now use the Akerlof-specification as has been specified in the text (equation (9)) for
the efficiency wage relation (and the symmetry assumption) we arrive at

WT -[  a 1  (A.6)

wy   -   [c(1-Y) ]

Appendix B. Solution of the model under asymmetries

In this appendix, we will drop the assumption made in the main text that countries are
similar except with respect to initial productivity and the unemployment compensation.
The only symmetry we impose is with respect to the preference parameters E and a. The
solution procedure is the same as in the main text. We derive labour- and goods market
equilibrium, respectively, that look like

L& - L'-<1,6'('«'-bo Li  where  «4 *  wE -1    a,   11,
(B. 1)

(       1 -bj wh          [ c j(1 -74]

and

L; = 1fff:E where P =
1-0 e (B.2)

1+Bj a E-1
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where j is a country index. Note that we did not normalize total labour supply (L) at one
as we did in the main text. The equilibrium number of production workers is

4= 4 - Li I Ni

N'(1 + B/)       6),P + (1 + p·t(1 + 6/(64-b/)1.
(B.3)

i    1-b'  J

Equilibrium relative productivity is then derived as

C   *1/ 1 Ll.\ -

ds = 51 B L /N2 1-bi
(B.4)

Qip + (1+Bl) 1 + 0 ((0 -u '  P

El'31  Li/Nl  (0* + (1+ ]2)<1+ 62(lw-b-2b2) 

This result reveals that besides differences in the generosity in unemployment compensa-
tion as measured by b, also differences in the efficiency wage function, lay-off rates, and
the size of the economy (more specifically the potential maximal size of a high-tech firm,
L/N)  are of importance for determining relative productivity levels.



Chapter 3

Macroeconomic Consequences of Downsizing'

This chapter develops a two-country two-sector model with endogenous growth
and dual labour markets, stressing the role of high-tech and high-wage sectors in
trade between countries. The model is characterized  by the endogenous determina-
tion of product variety    and    the R&D intensity. We associate the process    of

downsizing with developments in unemployment and growth. Downsizing enlarges
profits, causing an increase in product varieties, a reduction in firm size, and an
increase in the bureacratic burden. Smaller firms allocate less labour to research

activities, so that growth is depressed. The slowdown in economic growth exerts
an upward pressure on unemployment.

3.1 Introduction

Management costs are higher in the USA than in Europe. In the manufacturing sector, the
ratio of managers to total labour input is about four times larger in the USA than in
Germany (see Table 3.1). Gordon  (1994, 1996) calls this ratio the bureaucratic burden.
The causes of the structural difference in management costs between Europe and the USA
have been documented in a rich, descriptive body of literature. Most US firms grew
mature in a tradition of mass production facilitated by the existence of a large, homo-
geneous home market and low resource costs (cf Nelson and Wright (1992)). This
strongly contrasts with the historical developments in Europe, where national markets

were fragmented and stratified by class differences, and where resource costs were
considerably higher (cf. Broadberry   (1996)).

Outlays for managerial bureaucracy have a fixed cost character. The deep
recession in the early 1980s, followed by the dramatic decrease in transportation and

' This chapter is a modified version of Van Schaik and De Groot (1997).
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communication costs, triggered a process of reducing fixed costs (downsizing), mainly
achieved by laying off middle management. Not only European but also US firms adopted
strategies aimed at cost reduction and efficiency improvements (cf McKinsey (1996)). It
is striking and puzzling, however, that the process of downsizing did not reduce the
bureaucratic burden. Table  3.1  shows  that  in the 1980s  and  1990s, as compared  with  the

late 197Os, the bureaucratic burden has strongly increased. How can these tendencies be
reconciled? This is the first question we want to address here.

Table 3.1 The bureaucratic burden. 1960-1994

1960-61 1979-81 1983-88 1989-94

Austria                                                                          -                                - 3.3 3.3

Belgium 2.9 2.4

Denmark 1.8           - 4.7 6.1

Finland 2.3 3.4 4.5 5.1

France 2.5           -

Germany (West) 2.2 2.6 2.9 3.3

Netherlands 3.6 4.0 5.5 6.2

Norway 4.5 4.5 5.7 6.3

Sweden 2.6 2.0 2.0           -

UK 3.7 6.6            -

Canada                                                                                                                                 - 10.6 11.6

USA 5.2 7.5 11.1 12.4

Japan 4.0 5.0 3.9 4.1

Australia                                                                     - 5.4 5.5 6.4

Mean 3.21 4.34 5.43 6.48

Coefficient of Variation 0.33 0.42 0.54 0.49

Note: The bureaucratic burden is defined as the ratio of administrative and mana-
gerial workers to total employment in manufacturing. Source: 1960-61: OECD
(1969) and 1979-1994: ILO, Year Book ofLAbour Smtistics (various issues).
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A second question deals with the relationship between (relative) management costs,
downsizing and the (relative) wealth of nations in terms of productivity and growth. The
evidence on comparable productivity levels of the advanced industrialized countries shows

a lack of convergence. For the manufacturing sector, Van Ark (1996) reports convergence
of productivity levels relative to the USA over the post World War II period till the end
of the 1970s, divergence in the first half of the 1980s, and stabilization afterwards.
Bernard and Jones (1996, p. 1237), exploring the OECD International Sectoral Database,
concluded that 'manufacturing does not display the pattern of convergence in labour and
technological productivity found in other sectors'. Evidence   for the 1990s (cf Pilat

(1996)) likewise gives no indications of a renewed period of rising levels of labour
productivity in manufacturing relative to the USA. So one might wonder whether, and if
so how, the process of downsizing, the relative height of management costs, and the
tendency towards relative convergence are related to each other.

Finally, part of the European unemployment problem might be related to the
process of downsizing (even in the long run). In the 199Os, in many European countries,
the rates of unemployment have stabilized at high levels relative to the 1960s and 197Os,

and relative to the USA ((f. OECD Jobs Study (1994)). Therefore, the third issue we
want to go into here is about the potential connection between downsizing and the rise in
the structural rate of unemployment in the European Union.

Obviously, the European Union and the USA cannot be treated as completely

identical economies. Downsizing in Europe need not have the same impact on the USA,
than downsizing in the USA has on Europe. A potential reason for this is that the US
economy can still be regarded   as the technological leader   in the world economy, while
European countries predominantly behave like follower countries (4 Maddison (1995)).
Therefore, it is useful to perform the analysis with the aid of the leader-follower
dichotomy and to embody this hypothesis in a two-country model focusing on the linkages

between firm size, technological change, and unemployment. A closed economy approach
would certainly not give the appropriate answers to all the questions raised above.

We consider an economy consisting of two almost identical countries with only
two differences. Firstly, fixed costs in the follower country are lower than in the leader

country. Secondly, firms in the follower country also receive a productivity bonus as they

can copy already existing technologies   from the leader country.   We also distinguish   two

sectors in every country, a traditional non-tradeables sector   and a high-tech tradeables
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sector. The traditional sector produces a homogeneous good and operates under perfect
competition. The high-tech sector, on the other hand, produces differentiated goods which
are traded on the world market in which households have a taste for diversity. Hence,
monopolistic competition prevails in this sector, leaving a potential rent which can be
shared with the workers. This results in a non-competitive wage differential between the
traditional and the high-tech sector. The labour market can hence be characterized by its
dual nature in which there are good and bad jobs in terms of payment.

The core of the model is an engine of endogenous growth, operating only in the
high-tech sector (see chapter   1    for a discussion). Innovation   is   seen in relation   to   R&D
expenditure, which, by construction, has the capacity to take technological knowledge
forward in small steps only. This idea has been materialized here by an engine of growth
driven by intentional R&D in both countries. The follower country receives a productivity
bonus in the form of a capacity to imitate the leader. This feature captures the idea that
technological change is the joint outcome of learning activities and intentional activities
directed at innovation (4. Fagerberg (1994)). Technological change, therefore, is not a
free lunch, neither   for the leader   nor   for the follower country. Follower countries   may
have a particular advantage in R&D as they can learn from the leader, but an intentional
investment has to be made for technological progress to occur.

In order to highlight the relation between downsizing and unemployment, labour
market institutions play an explicit role in the model. Up till now, the relation between
growth, relative productivity and unemployment has not received much attention in the
growth literature (see chapter 1 for an overview). The model in this chapter adds to this
scarce literature and is a straightforward extension of the model developed in chapter 2.
There we solved the model under the assumption that the number of high-tech firms and
the intensity of investments in R&D are exogenously given. The focus was on the
relationship between labour market institutions and convergence to explain differences in
unemployment rates between Europe and the USA. In the present chapter the number of
firms as well as the R&D intensity are endogenously determined. In addition, the labour
market has been modelled in a more extensive way (in part II of this thesis we further
elaborate  on the modelling  of the labour market).

We proceed by successively presenting the two main constituent parts Of the
model,   i.e., the growth block  and the labour market block  of the model.   Only   the
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equations constituting the final model have been numbered.2 In section 3.2, we analyze

the effects of downsizing on firm size, growth, relative productivity, and the bureaucratic
burden. The results  of this section are self-contained,  i.e.,  do not depend  on the labour
market of the model. Section 3.3 deals with the impact of downsizing on the allocation of
labour over sectors  and  the  rate of unemployment. Section 3.4 concludes.

3.2 Downsizing and growth

3.2.1  The  size  of  the  finn  and  the  bureaucratic  burden

The economy consists  of two countries (indexed j= 1,2),   viz. the leader country  (/= 1)
with a relatively high level of fixed costs, and the follower country (i=2) with relatively
low fixed costs. In each country, a number of high-tech firms is operating. Monopolistic
competition prevails among these firms. Each firm produces a unique brand of high-tech
tradeable goods, but has only a small share in the world market, so that competition is

monopolistically A la Chamberlin. There is only one homogeneous factor of production -
labour - which is immobile between countries. The growth block  of the model is summar-
ized in Table 3.2 (equations without a country index  hold  for each country separately).

We assume symmetry among high-tech firms within a country. Households  have   a

taste for variety. Preferences over varieties    are also uniform across countries    and    are

given by a CES function (cf. Dixit and Stiglitz (1977)), with an elasticity of substitution
equal   to   £( > 1). World demand   for any variety produced   in   the one country relative   to

world demand for any variety produced in the other country depends on the relative price

of these varieties  (i.e., the terms of trade).  We  only  need one relation (equation  6)  to

capture trade between the two countries, revealing a negative relation between the market
share of a country in the world market for high-tech goods and the terms of trade.

2   An extensive mathematical description of the model with all technical details and derivations is
given in the Appendix of this chapter. A list with the meaning of symbols can be found immediately after
the Table of Contents of this thesis.
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Table 3.2 Growth and trade 

x = heL                                                          (1)X

6 = zheL,                                                         (2)

e WT                                            (3)PX = g -1 he

L,  =  pL,                                                                                                                         (4)

Xpx   =  WT(Lx + 4 + Li)                                                                                                                                (5)

2\-c

f . 1 1                                       (61P/

The representative high-tech firm of a country produces x units of output, using direct
labour Lg that has labour productivity h and efficiency e (equation 1). The efficiency of a
high-tech worker is a variable that can be affected by the wage setting behaviour of the
firm. On the other hand, the variable h depends on international forces and the number of
workers employed in the Research and Development lab of the firm. We assume that

firm-specific knowledge can only be accumulated through firm- and product-specific
R&D. Current research, therefore, builds on past R&D experience as measured by firm-
specific knowledge (h). Firms employ labour in their research departments     OLD     to

improve the Droduction process and the quality of the product (if we interpret x as
measured in quality units, both forms of innovation can be modelled as increases in h).

3       The system consists of 11  equations and 12 unknowns (4, L„  h, x, p.,  and wr for both countries).
Given initial values for h; and h2, the system can be solved for all real variables and relative prices. The
characteristics of the steady state, in which W/h' is a constant (and is endogenously determined), are
discussed in section 3.2.3.
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There are constant returns to scale   in  R&D with respect  to the level of knowledge capital,
which means that a constant rate of growth can be sustained by allocating a fixed amount
of  labour  to the research labs (equation 2). Firms  also  have to incur traditional managerial
fixed costs before being able to start production. These fixed costs (F) are expressed in
efficiency units. Each high-tech firm, therefore, has to employ an amount of labour equal

to  Lf (- F/e) before being  able to produce. High-tech firms maximize their present   dis-
counted profits, which results in a fixed mark-up over labour costs (equation 3), and a
wage rate that is chosen in such a way that it minimizes labour costs per efficiency unit
(i.e.,  the  wage rate satisfies the Solow condition and implies a constant equilibrium level
of effort equal    to   e). The price equation shows    that real wages (W,/px) increase with
labour productivity. The mark-up is inversely related to the elasticity of substitution
between  any  pair of high-tech goods. The closer these goods form substitutes  (i.e.,  a
higher value of g), the less market power firms have, and the lower the mark-up they can

put on labour costs.

The  model in Table  3.2 is self-contained  if  it is assumed that firms employ a fixed
proportion  #( > 0)  of the number of production workers  in R&D activities (equation  4).
For the time being we will make this assumption, as well as the assumption that B is
equal in both countries, so that the relation between trade and international knowledge
spillovers can be exposed in a simple way. After that, in section 3.2.3, we will elaborate
on the endogenous determination of investments in R&D.

The size of the firm is determined by the process of free entry and exit of firms,
resulting in zero excess profits (equation 5). The Zero Profit Condition can be written as

L +L +L
_L  =   X     '    / =1+B+ ·4. (ZPC)
e -1             L                         L

X                      X

The LHS is the mark-up over wage costs. Production labour and thus high-tech output is
positive  if the mark-up exceeds  1 +B.  This  can be understood since making profits
requires firms to be able to spread their fixed costs (for management etc.) and quasi-fixed

costs (for R&D) over a relatively large output. In other words, with large fixed costs and
close substitution of consumption goods, firms need to produce a lot in order to break
even. The ZPC implies that the relative size of the production department of the firm

(4/[4+L,+LA) is fixed as the mark-up is exogenously given. So the ratio between total
fixed and quasi-fixed labour (L,+Lj) and production labour (L,) is also fixed. A decrease
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in the amount of total fixed labour will thus be accompanied with an equiproportionate
decrease in the amount of production labour. This has an important implication for the
size of the firm which reads as

EL
E-1 f

L* +L, + Lf =
8    - (1 + 11)

8-1

The   size   of   the   firm is positively related   to   4  and   B.   This   reflects the Schumpeterian

character of our model: large firms can afford large R&D departments so that they grow
faster than small firms. As a consequence, the bureaucratic burden (which is defined as

L/[4+L,+Lj]) is negatively related to B. We define downsizing as an exogenous decrease

in the managerial fixed costs   (F).   As the effort level   (e) is fixed  by the Solow condition,
this comes down to a decrease in fixed labour (4). Downsizing thus reduces the size of
the firm (given a constant R&D intensity), but does not affect the bureaucratic burden.

However, less R&D (a smaller B) lowers the size of the firm and raises the bureaucratic
burden due to the operation of free entry  and  exit of high-tech firms. In section  3.2.3,  we

will show that downsizing indeed lowers the R&D intensity and thus raises the bureau-

cratic burden.

3.2.2  Relative  fixed  costs  and  relative  productivity

The returns from firm-specific R&D depend on the productivity of the R&D labs. They
are defined in the following way

z i    .    6 ,     z 2   E   ff(d),      d   .    .
hi

The  parameter 6 measures the productivity of R&D in country 1. Firms  in the follower
country in addition receive a productivity bonus as they can copy already existing technol-
ogies. They benefit from general knowledge that spills over from the leader country. In
this   section, for illustrative purposes,   we   use the specification  .Ad)=d -'   (p> 0).   The
productivity bonus is positively related to the intensity of international knowledge spillov-

ers (B), and negatively to the productivity ratio (d).
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So the growth rate of country 1 depends on the number of researchers (measured
in efficiency units) and the productivity of R&D and is constant (given constancy of the
R&D    intensity    over   time). The growth    rate of country 2 additionally depends    on   the

productivity bonus. The relative rate of growth therefore depends on the strength of
knowledge spillovers, the productivity ratio, and the relative input of research labour.
Due to the assumption of free entry and exit of high-tech firms resulting in the zero
excess profits, the relative input of research labour can ultimately be traced back to
differences in managerial fixed costs in the high-tech sectors of the countries.4 The
relative growth rate thus equals

g2 = h21h2 - Ez212'L 
= d-Bell.   

g i          ii 1/h'           Ezle iL,i              e tz;

If the relative rate of growth initially exceeds one, the follower country catches up with
the leader country. The process of catching  up  will  come  to  an  end and relative productiv-
ity will be constant if both countries grow at the same rate.

To understand the mechanism of international trade, we will now derive the Steady

State Locus (SSL) and the Temporary Equilibrium Locus (TEL). By combining all
equations in Table 3.2, and imposing growth rates to be equal, the Steady State Locus is
derived as ass

2-1-B
(SSL)w=kd z ,

where    w   ( = w//Wl' )   is   the wage ratio   and   k   (. //e')   is the relative effort level.    The

Steady State Locus can be confronted with the Temporary Equilibrium Locus, which

4        We can write the Zero-Profit Condition as ({E/[E-11-1-B'}L:=Li Since we assumed that B' =132.  it
holds L,1/14 =L,2/L . We thus derive that L//L/=41/47=41/4.

Substituting equations  (1)  and  (3)  into  (6) we derive that hYL,2/hie'L,1 =(w/h'e'/wrihih:   From
the zero-profit condition  and the assumption  that  13'=82,  we  know  that  4'/L,2 =L//L/=4/4'. Using these
equalities and equation (2), growth rates  are thus equal  if L//L,2 =d-" =Lgi/L,2 Substituting this expression  in
the above relation capturing international trade, we find the Steady State Locus. Substituting 4'/42=4'/L/,
we find the Temporary Equilibrium Locus.
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reads as (see footnote 5)

iLl<Lill E-1

w  =  k  e  l _L I E d  e   .                                                                                           (TEL)
Wj

To better understand the mechanism of international trade it is important to realize that,
according to mark-up pricing, the terms of trade  of the follower country  p ( =px /pg/)
depend positively on the wage ratio and negatively on the productivity ratio. If the
follower country initially faces a lower productivity level   (d<  1)  and lower wages   (w<  1)
than the leader country, the lower wage ratio cannot fully compensate for the difference
in labour productivity. Consequently, the price of the high-tech good of the follower
country is higher  than the price   of the high-tech  good   of the leader country. The (repre-

sentative) firm in the follower country will experience an increase in its market share on
the world market for high-tech goods if it is able to increase the productivity ratio and
thus to lower the terms Of trade.   This will always  be  the  case   if B > 8-1. We refer  to
Figure 2.3 for a graphical illustration of this case. We assume for illustrative purposes

that Ljf/Lfi < 1. The Steady State Locus slopes downwards,  so that the model is stable: A
relatively high value of B implies more international knowledge spillovers, so that there is
more    room for price decreases    in the follower country. A relatively low value    of   E

indicates that the (bundle of) product varieties supplied by the follower country are
substantially differentiated from those supplied by the leader country, so that the follower
country can relatively easily compete on the world market for high-tech goods (despite the
lower productivity and higher prices as compared  to the leader country).

The dynamic evolution  of the relative productivity level is depicted in Figure  2.3.

Starting from point S which is characterized by a relatively low relative productivity
level, the development of the productivity ratio is driven by two factors. It is positively
affected by 'backwardness', and negatively  by the relatively small amount of research
labour (measured in efficiency units) in country 2 which is due to the relatively low fixed
cost ratio (L/2/Lfi). In the diagram, the positive 'backwardness' effect dominates initially,
resulting in catching up. The relative rate of growth falls over time. Ultimately, a steady

6         The   SSL is horizontal   at   w= 1    if  E-1 =p (implying complete wage egalization), while it slopes
upwards  if £-1 > B. A relatively large value  of E implies small differences in varieties,  so that there  is  a  lot
of price competition. In this case, the model is stable if TEL intersects SSL from below.
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state is reached in which the positive 'backwardness' effect is exactly offset by the
negative 'relative research labour' effect. The economy will move along the temporary
equilibrium locus towards the point where SSL and TEL intersect (point E). The steady-

state relative productivity level can be written as

do -frww = (Fu 1
te'Lf' J     <FJ

The diagram exhibits a productivity gap (d S< 1).  This gap can be traced back to per-
sistingly higher fixed costs in the leader country relative to fixed costs in the follower
country  (F'> FD.   In the steady state,   the two countries   will  grow  at  the  same  pace,   but  at

different levels of productivity. Wages   in the follower country are higher   (wa> 1)  and

productivity is lower (dss< 1) than in the leader country: The model also predicts that
the productivity gap will increase if downsizing in the follower country is larger than
downsizing in the leader country (and the other way around).

3.2.3 R&D and growth

We  now  turn  to the determinants of investments  in R&D. Financial markets determine  the

relation between the rate of growth and the rate of interest. We assume that financial

capital is immobile between countries (see chapter   1   for a discussion). The absence   of

international capital flows implies that trade is balanced at every point in time. This
requires the value of output of high-tech goods to be equal to the value of consumption of

high-tech goods. The value of consumption in a country is therefore equal to the value of
output in that country. Households receive wage income and dividends. Dividends are
paid from the difference between the value of output of high-tech goods xp, and produc-

tion costs Nwl·U·*+Lf'). Households save and high-tech firms invest NwT L,. Savings are

7    This fits in with the empirical evidence on differences in productivity levels and wages between the
US and European countries. As mentioned in section  3.1, the evidence on comparable productivity levels  of
the European manufacturing sector shows a lack of convergence. The pattern is one of convergence in the
1960s and 197Os, divergence    in the 1980s, and stabilization of relative productivity   in the 1990s.    In

addition, evidence of wage ratios (4 Learner (1996)) shows that, in the 199Os, nominal wages in the
European manufacturing sector are significantly above those in the US. The OECD International Sectoral
Data Base (1997) reveals similar tendencies  for wage ratios  in the 19905.
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the difference between households' income and the value of consumption. The circular
flow is in equilibrium if savings equal investment.

Savings and investment behaviour is modelled along the lines set out in Smulders
and Van de Klundert (1995). We refer to the appendix for derivations, and chapter 5 for
a discussion. Households maximize intertemporal utility, which yields the familiar
Ramsey rule

r-0g=
a(p -1)'

where    r i s   the    rate of interest,   g( - Wh)   the   rate of growth,    a   (0<a<1) the share   of
consumption expenditures spent on high-tech goods, 0 the subjective discount rate, and
1/p (p > 1) the intertemporal elasticity of substitution. This equation relates the growth of
consumption to the determinants of the consumption-savings decision. It shows that the
rate of growth is high if the return on savings r is large relative to the subjective discount
rate 0, and if households are willing to substitute intertemporally (1/p is high). High-tech
firms determine their optimal research effort, which leads to the planned rate of growth

r -(e -1)zeLfg=
E-1

In equilibrium the required rate of growth (the Ramsey rule) equals the planned rate of
growth, which yields the steady-state interest rate and rate of growth8

(e -1)[a(p -1) zeL,-0] (e-1)zeL,-0r= .g=
O(p-1)-(8-1) c(p-1)-(8-1)

The rate of growth does not depend on the scale of the economy under the regime of free
entry (see chapter 1 for a discussion of this characteristic of the engine of growth of the
model). What matters for growth are household preferences, the productivity of the
research labs (which, for the follower country, embodies the productivity bonus), and the
level of fixed costs (measured in efficiency units). The results    show that downsizing
decreases the rate of growth and the rate of interest.

The growth block of the model can now be completed by determining the steady-

8   Stability of the steady state equilibrium with positive growth requires the following parameter
restrictions: 0(p-1) > 8-1 and (£-1)zeLy> 8.
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state R&D intensity B. As derived in the appendix, the R&D intensity equals the ratio of
the growth rate and the rate of interest

11   E      =  8  -           (e- 1) zeL,-0
Lx     r     (8 -

1)[0(p - 1)zeLf - 8]

Downsizing in the leader country decreases B, while downsizing in the follower country
leaves the R&D intensity unaffected. The latter is due to our assumption of one-sided
international knowledge spill-overs as can be seen from the characteristics of the global
steady state. Equating the growth rates of both countries yields

Zie'L;    =   Z'e'L;      so      e'Lfi    =   e f(d)L,2.

The LHS is a constant, so a decrease in fixed costs in country 2 is compensated by an
increase in the productivity bonus. Likewise, a decrease in fixed costs in country 1 is
compensated by a decrease in the productivity bonus. This result is already known from
section 3.2.2: long-run differences in productivity levels between countries can complete-
ly be traced back to persisting differences in relative fixed labour (measured in efficiency

units) of the high-tech sectors.

Allowing for two-sided international knowledge spill-overs,  i.e., the leader country
also benefitting from general knowledge that spills over from the follower country, will
not basically affect the results.9 However, in this case the follower country codetermines
the worldwide R&D intensity and hence the worldwide growth rate and bureaucratic
burden. In the steady state, the two countries only differ in the size of the firm (depend-

ing on the fixed labour ratio) and in the productivity level (depending on the ratio of fixed
labour expressed in efficiency units and the intensities of international knowledge spillove-
rs). These symmetrical results  are  due  to the free-entry assumption.

The   effects of downsizing are summarized in Table   3.3. We distinguish   down-
sizing in the leader country (country 1) from downsizing in the follower country (country
2).    Downsizing    in the leader country depresses the worldwide    rate of growth, lowers

9         Take for example  zi= Ed    and  zz=Ed -0. Again imposing the growth rates  to be equal results  in  a
steady state relative productivity level   that is equal  to  d ss= (e2L /e'L ) 1/(PI+,21

. Using this expression, we
derive zezy=z'e'L '=z4242= E (e,4')  .214,1 +,2) (1242) MIt(PI+"2).   In the specific  case  that we consider  in  the  main
text in which   B'=0,   it is clear that downsizing   in the follower country  does not affect the equilibrium
growth rate.
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R&D intensities, and increases the bureaucratic burden in both countries.  This (at first

Table 3.3 Downsizing and growth

Effects of decrease in

1           P

Country 1 2 1 2

rate of interest (r)                                           -
rate of growth (g)                                               -
R&D intensity (B)

research labour per firm (L,)                       --                                  -

production labour per firm (LD                      -
fixed labour per firm (4)

bureaucratic burden (4/[L,+L,+Lf])              +           +
firm size (L,+L,+Ly)                                   -

productivity ratio (d)                                      +                       -
productivity bonus (Ad))                                         -                            +
terms of trade (p)                                                  -                           +

wage ratio (w)                                              -                       +

output per firm (x)                                   -           +                     -

Note: Effects which are equal for both countries are denoted by a single -o r  + . A
double  sign  (--  or   + + ) indicates  that the effects are larger  in  size  for the country
in question than for the other country.

sight) counter-intuitive result is due to the Schumpeterian character of our model in which
large firms grow faster than small firms. From section  3.2.1  we  know  that  the  size  of the

firm is positively related to the amount of fixed labour. The smaller the amount of fixed

labour, the larger the 'room' for a firm to make (excess) profits. This induces an increase

in the number of product varieties (entry   of new firms),    so    that    the    size    of   the    firm

becomes smaller, firms invest less in R&D (B decreases) and growth goes down. From
section 3.2.1 we also know that the size of the production department of a firm relative to
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total firm size is fixed. A decrease in production labour (4) is thus accompanied with an
equiproportionate decrease in total fixed labour (L,+Lf)· The decrease in the R&D
intensity that results from downsizing Will thus be associated with an increase in the
bureaucratic burden  (that  is,  L/[4 +L,+Ly] rises). Moreover, in country   1 the decrease  in
firm   size is larger   than in country   2. This raises productivity in country 2 relative   to
country 1 and consequently lowers the terms of trade, so firms in country 2 increase their
share in the world market for high-tech goods (in terms of Figure 2.3, the TEL-line shifts

downwards). Downsizing in country 2 has no effect on the other country (which is due to
our   assumption of one-sided knowledge spill-overs). What merely happens   is a decrease

in firm size in this country, with negative consequences for relative productivity and
output of high-tech firms (in terms of Figure 2.3 the TEL-line shifts upwards). An equal

reduction in fixed labour in both countries leaves relative productivity and the division of
the world market for high-tech goods between both countries unchanged. In the next
section we analyze how downsizing affects the allocation of labour over sectors and rate

of unemployment.

3.3 Downsizing and unemployment

3.3.1   The   sectorat   allocation  of  labour

Each country has two sectors, a traditional non-tradeables sector and a high-tech tradea-
bles sector. The allocation of labour over sectors is described in Table 3.4.

In both countries, the non-tradeables sector has a constant and unitary labour

productivity (Y/Ly= 1). Ly stands for the number of workers employed in this sector, and
Y is the production of non-tradeables (equation 7). We thereby implicitly assume full and
instantaneous convergence in this sector. This reflects the idea that relatively basic

techniques are used in the sheltered sector of the economy, the technology of which
diffuses easily across advanced countries. Comparative advantage and returns to specializ-

ation play no role in this sector, in contrast to the high-tech tradeables sector (see also
Bernard and Jones   (1996)   for an empirical justification  of this assumption). Under perfect

competition, the price of a traditional good equals labour costs (equation 8).
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Table   3.4  The  sectoral   allocation   of  labot to

Y = L                                                         (7)Y,

Py  =  wy,                                                                                                                         (8)

1-0   YPY- = - ,                                                                             (9)
o     Nxpx

LT = NU.x+L,+L), (10)

L  = LT+Ly+U, (11)

i WT\'Ye=-a +cl-1, (12)

<WY)

5 -C   a   11                                                                  (13)wy  - ((1-Y)(11

The high-tech tradeables sector has already   been   discussed in section   3.2.   Each   firm

employs direct and indirect labour, which has efficiency e. The efficiency of a high-tech
worker is a variable that can be affected by the wage setting behaviour of the firm.
Following Akerlof (1982), we assume that the efficiency of employees in the high-tech

sector depends on the wage they earn, relative to the wage of an employee in the
traditional sector. Firms will pay higher wages as long as the increase in benefits related

to the increase in efficiency more than offsets the increase in costs in the form of a higher

wage bill. This trade-off results in the well-known Solow condition. Given our specifica-

'o    For each country, the system consists of 7 equations and 8 unknowns (Y, N, e, Py, wy, Ly, LT, and
U).   The  number of production workers is determined  by  the Zero Profit Condition (see section  3.2.1)  and
L, =gL,/r (see section   3.2.3). To solve the system, an additional equation is needed, representing   flow
equilibrium  on the labour market (see section  3.3.2). To guarantee a relative wage ratio  that is larger  than
one, we impose the parameter restrictions  0<7<1  anda>(1-y)c >0.
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tion of the efficiency wage relation (equation 12), this implies that the relative wage

(equation   13)   and the level of effort are constant in equilibrium." The introduction  of
the efficiency wage relation leads to high-tech employees receiving a (fixed) non-competi-
tive wage differential (wilwy> 1)

Consumption in a country consists of the traditional good of that country along

with all varieties of the high-tech good available in the world market. Households have

Cobb-Douglas preferences for the two types of goods (a fixed fraction a of consumption
expenditures is spent on high-tech goods). Preferences between traditional and high-tech
goods are assumed to be identical across countries. For each country, it can then be
derived that goods market equilibrium is described by a fixed ratio between the consump-

tion of traditional goods   and the consumption of high-tech goods. We recall    that    it    is

assumed that financial capital is immobile across countries. The absence of international

capital flows implies that trade   must be balanced at every moment  in time. Trade balance

requires that the value of output of high-tech goods be equal to the value of consumption

of high-tech goods. Goods market equilibrium is then described by equation 9, which
reads (after substituting equations  1,2,7, and 8)

LY   =     1-0      e      wT NLx.
O    8 -1 wy

Notice  that the relative   wage is fixed by efficiency wage considerations (equation   13)  and
that  0<0<1   and £ >1. Hence,   for a given number of high-tech firms, there   is a fixed
positive relation between employment in the non-tradeables sector and the number of

"    As a consequence, downsizing does not affect the level of effort and the wage ratio. An interesting
way to extend the model on this point is provided by the literature on efficiency wages and employee

motivation (see for example Ritter and Taylor (1997) for an overview). One of the findings here is that
there is an empirical (negative) relation between monitoring intensity and non-competitive wage premia.
This suggests that there are at least two mechanisms for employers to elicit effort from their workers. One
is paying high wages, the other is intensive monitoring. Our model could capture this idea by extending the
efficiency wage relation (equation 12). We can think of an efficiency wage relation (or, more general, an
effort extraction function; see Bowles (1985)) that takes the form of e=e(wi/wy, L.), where 4 is the
supervisory labour employed by an individual firm. Each firm will optimally determine the wage it sets and
the amount of supervisory labour it employs, by equaling marginal costs (which consist of (additional) wage
payments) with marginal benefits (consisting of improved effort). An explanation for the differences
observed  in the bureaucratic burden between Europe  and  the  US (see Table 3.1) could,  in  such a setup,  be
traced back to institutionally determined differences in the way in which effort is elicited from workers
(reflected in different elasticities of effort with respect to relative wages and supervision intensity). We refer
to chapter 5 for a model in which this idea is worked out in a formal model.
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production workers in the high-tech sector. What this equation basically says is that, for
the circular flow to be in equilibrium, an increase in the number of high-tech production
workers must be accompanied by an increase in employment in the traditional sector.

Employment in the high-tech sector is described by equation 10. Using the Zero
Profit Condition (and equation 4), this equation can be written as

L, -  fiNL,.

Employment in the high-tech sector exceeds the number of production workers by the
extent of the mark-up. This is intuitively clear, as a large mark-up implies that firms can
afford relatively high fixed costs. Notice    that the ratio of high-tech and traditional

employment (L,/LT) is constant (given constancy of the relative wage) and does not
depend on the amount of fixed labour Lf. The allocation of labour follows from the
solution of the total number of production workers. To take a quick glance at the
characteristics of the equilibrium, we initially abstain from considering equilibrium

unemployment (U=0) and non-competitive wage differentials (WT=wy). In this case, the
labour market is in equilibrium if total labour L (which is fixed) is fully allocated over
both sectors. After substituting the equations for Ly and LT into the equation for labour
market equilibrium (11), the result is

L
N lu=A =

e /.  1-c)
Zi<' + 7--j

The full employment equilibrium number of high-tech production workers is fixed and
does not depend on the rate of growth. The solution for the full employment equilibrium
number of high-tech firms is

I.li- (1 + B)     L
N I u.O    -

itit' + 9} 4.
showing  that the number of high-tech firms (i.e., product variety) crucially depends  on

the ratio between L and L£ Downsizing increases the number of firms, which is rein-
forced by the negative effect of downsizing on the the R&D intensity B (see section 3.2.3)
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3.3.2   Unemployment

We now introduce unemployment  (U> 0) by explicitly modelling the flows  on  the  labour
market. We have seen that labour gets a 'state-specific' payment (wy or wr when
employed in one of the two sectors). Unemployed people receive a real unemployment
compensation equal to b, expressed in terms of the non-tradeable good. Consequently, the
nominal compensation equals bwy. This compensation is paid out of lump-sum taxes on

labour income.   It is assumed   that  the  net  real wage earned   in the non-tradeables sector   is

higher than the real unemployment compensation, so that the unemployment compensation

b  must be sufficiently smaller  than  one.

In principle, each worker is striving for the highest possible pay-off. Hence, all
workers would like to be employed in the high-tech sector. However, the number of jobs
in this sector is restricted. We assume that at some exogenous rate 6 jobs in the high-tech

sector become available. Upon being laid off, workers face two options. They can either
decide to take a job in the traditional sector (these jobs are freely available), or they can
join the pool of unemployed. In determining their optimal strategy, workers have to take
the following factors into consideration: (i) unemployment benefits are lower than the
salaries   in the traditional sector  (b <  1),   and   (ii) the matching probability   with a high-tech
job of an unemployed person (q) is larger than the matching probability of a worker in
the traditional sector (aq, where   a < 1). These assumptions   are   more   or less standard   in

the  literature  on dual labour markets (e.g., Bulow and Summers  (1986); we refer  to
chapter   1   and   part   II   for a discussion   on   this   way of modelling the labour market).   The

process of weighing the two options that laid off high-tech workers face results in an
endogenously determined probability,  v, of entering  one  of  the two states  (i.e., the state

of   unemployment or traditional sector employment). The outcome   of this probability   is
such that, ex-ante, laid off workers (who are distributed randomly) are indifferent
between the two options they face. The resulting unemployment is both voluntary and
involuntary. The unemployed are willing  to  work  in the high-tech sector  at the going

wage, while they refuse jobs at the going wage in the traditional sector.

For flow-equilibrium in the labour market, the value of a job in the traditional
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sector must equal the value of being unemployed.12 This captures the idea that a laid-off
high-tech worker should in equilibrium be indifferent between accepting a job in the tradi-
tional sector and being unemployed. Workers discount their income  at  a   rate of interest   r
as  they can freely  save and borrow  in the financial market  at  this  rate. The equilibrium
rate of unemployment can be derived as

U  1 F/6  \4 1 (1-b)(6 +r)-  =  -11 - +a l- -a l,     q  =
L         1-a[ (q        )  L          ]                     wI(1 -a)-(1 -ab)

WY

where q represents the outflow rate out of unemployment (which equals the inflow rate
into the high-tech sector for the unemployed). The rate of unemployment is positively
related to the total number of high-tech workers. This can be understood as follows. As
more high-tech jobs become available, the number of high-tech jobs opening up as a
result of lay-offs increases. For a given outflow rate from the pool of unemployed, this
increases the attractiveness of waiting for a high-tech job as an unemployed job seeker.
The  unemployment  rate   will rise accordingly. The outflow  rate is positively related   to  the
rate of interest. A lower rate of interest, for example, decreases the importance attached
to current payments. This increases the attractiveness of waiting for a high-wage job in
the pool of unemployed (the costs of waiting for a high-wage job decline) and
consequently lowers the outflow rate out of unemployment.

We are now able to determine the allocation of labour over employment and the
state of unemployment. The total number of production workers is

L
NLx =

[w.
61-'(1-a)-(1 -ab) 

-S   1+ I W Y 1-0 wT'1+ (1-a)E-1 (1 -b)(6 +r) 0 WY

As downsizing decreases the rate of interest, this will lead to a decrease in the number of

12 Labour market equilibrium is derived by introducing three value functions. These functions (9
indicate the present discounted value  for a worker of being in state j  ( =T,   K   U for being employed  in  the
tradeables sector, non-tradeables sector, and being unemployed, respectively). Equilibrium requires   the
value   o f   a   job   in the traditional sector    to be equal   to the value of being unemployed. We refer    to   the
appendix for details of the derivation.
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production workers, the implication being that employment in both sectors decreases and
unemployment rises. The model thus reveals a negative relation between unemployment
and the rate of interest. This can be explained as follows. A lower rate of interest
increases the importance attached to future payments. As becoming unemployed improves
the chance of acquiring a high-wage job in the near future, this becomes more attractive.
Thus more people opt for unemployment than for a low-wage job in the traditional sector

(which decreases the outflow    rate    out of unemployment). This reduces the effective
supply of labour (L-U), which spreads proportionally over sectors (both LT and Ly
decrease).

13

The effects of downsizing on the scale of the economy and the allocation of labour
are summarized in Table 3.5 (which extends Table 3.3). Downsizing in the leader country
decreases the worldwide rate of interest, which positively affects unemployment because
waiting fur a high-wage job becomes more attractive. This reduces the effective supply of
labour So that in both countries the tradeables and the non-tradeables sector become
smaller in size (in terms of employment). In terms of output and the number of firms,
however, the developments are asymmetrical between   the two countries.    In the follower
country, high-tech output increases, because this country benefits from the rise in relative
productivity. Consequently the increase    in the number of firms (product varieties)    is
smaller  than   in the leader country. Downsizing in country   2   has no effect on country   1,
which is due to our assumption of one-sided international knowledge spill-overs (see
foomote 8). Relaxation   of this assumption, by allowing for two-sided knowledge spill-
overs, would affect this result but not the tendencies sketched above. In this case, country
2 codetermines the steady-state rate of interest, so that downsizing in country 2 also leads

to a rise in the worldwide rate of unemployment.

11    In our model, the scale of operation of the economy as measured by L-U also strongly depends on
labour market institutions. An increase in unemployment benefits (b), for example, decreases the outflow
rate out of unemployment, as the costs of waiting for a high-wage job decrease. Less people are willing to
accept   a  job   in the low-wage sector,   so that production   of non-tradeable goods decreases. The decreased
purchasing power of consumers in the economy will negatively affect tile profitability of high-tech firms and
induce firms to leave this sector. As the size of an individual firm is fixed in this case, high-tech employ-
ment will decrease. The model thus reveals a positive relation between equilibrium unemployment and the
generosity of unemployment compensation systems. So differences in unemployment rates between Europe
and the US can be traced back to differences in labour market institutions (4 Nickell (1997)). Apparently,
there are strong forces in the US labour market that compensate for the upward surge of downsizing on
unemployment in this country. This might explain why European unemployment rates increased strongly
after the 1970s, while US unemployment rates on average have remained more or less constant over time.
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Table 3.5 Downsizing and unemployment

Effects of decrease in

P                           P

Country 1 2 1 2

number of firms (N) ++   +        +
outflow rate out of unemployment (q)                 -              -
employment tradeables sector (LT)

employment non-tradeables sector (Ly)             -

wage differential (WTJW A

effort (e)

unemployment (U)                                                    +                +

output tradeables sector (Nx)                           -            +                       -

Note: This table extends Table 3.3. Effects which are equal for both countries are
denoted  by a single  -  or   + . A double  sign  (--  or   + + ) indicates  that the effects  are
larger in size for the country in question than for the other country.

3.4 Conclusion

It is widely documented in the literature that since the early 1980s, firms in many OECD

countries have engaged in a process of downsizing, mainly reflected in lay-offs of middle-

management. This process was triggered by the deep recession in the early 1980s,

followed by a dramatic decrease in transportation and communication costs (see also
chapter   8).    The   goal   of this chapter   was to study the macroeconomic consequences   of

downsizing. To this end, we developed a simple two-country model, characterized by

endogenous growth and dual labour markets. The model focused on the role of high-tech
and high-wage sectors in determining growth and relative productivity.

The model clearly associates the observed (worldwide) rise in the bureaucratic

burden with the process of downsizing, which has become so prominent in the 1980s and

1990s. Downsizing, by lowering fixed costs, enlarges profits, causing an increase in

product varieties and a reduction in firm size. Smaller firms have smaller production and
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research departments, so that the ratio of management labour to total labour input is
raised. The model also predicts differences in fixed costs to result in persistent differences
in productivity levels (relative convergence). The productivity gap can be traced back to
higher fixed costs per firm in the leader country relative to fixed costs in the follower
country. In the steady state, the two countries will grow at the same pace, but at different
levels of productivity. Wages   in the follower country are higher and productivity is lower
than in the leader country. This fits in with the empirical evidence on differences in
productivity levels and wages between the USA and European countries.

There is a sound theoretical reason for believing that any factor which reduces the
growth rate of productivity tends to raise equilibrium unemployment (€f. Nickell and
Layard (1997)). Our model embodies such a negative relation between unemployment and
growth. As downsizing reduces the rate of growth, we are therefore left with the
prediction that downsizing will lead to an upward pressure on unemployment. This is an

important result, because it is indicative of an upward surge of downsizing on worldwide
unemployment. If downsizing remains an important trend in a globalizing economy, the
limited possibilities for firms to engage in 'inhouse' research activities will further retard
economic growth and increase worldwide unemployment. The model thus provides an
appropriate framework to associate part of the structural slowdown in productivity growth
in advanced industrialized countries and part of the European unemployment problem with
the  process of downsizing.
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Appendix

This Appendix will in turn describe household behaviour, producer behaviour, and labour
market equilibrium in the two countries. Then the steady-state solution of the model will
be derived. Where it leads  to no confusion, time indices and country indices  (/= 1,2)  are
omitted (equations  hold   for both countries   in  this case). Unless otherwise stated, symbols
are defined in the main text and in the list of symbols that is included after the Table of
Contents of this thesis.

Household behaviour.
We assume that households maximize their intertemporal utility Uo in three steps. In the
first step. they decide how to divide total income among savings on the one hand and
consumption on the other. In the second step they decide how to divide total consumption
expenditures among high-tech goods on the one hand and traditional goods on the other.
In the final step they decide how to divide their expenditures on the high-tech goods
among  the N' +AF varieties  of this  good  that are available  to  them.  In the first  step  the
household maximizes

-Cl-p- 1

u,- f I-, e-et£ t,    (p >1), (A.1)

C being a composite good, subject to

At= r,At + 1,- C,PCt' (A.2)

where CPc is total expenditures on consumption goods and / is total wage income in the
economy. The current value Hamiltonian corresponding to this problem equals

H,=C, + 1,(s,At + I,- C,PCD

1-P-1 (A.3)
1-p

The First Order Conditions (FOC) corresponding to this problem are

8Ht

liC,  =  C,-P  -  176  =  0,
and (A.4)

8H.
i,  =  01, --  =  1,(8 -r,). (A.5)

aA,
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From the FOC (A.4) we derive

3 4 4
(A.6)

A, - -PE -p.0

Combining (A.5) and (A.6), these equations yields

3.11,-fe -«1 (A.7)c,    pl,   pe    j
which is the familiar Ramsey rule. The second step in the optimization-procedure is
maximizing

C = X°Yi-q, subject to (A.8)

X px  +  Y PY  =  C Pc, (A.9)

where   0<0<1,   and XPx represents expenditures   on the differentiated high-tech   good.
This yields the following Lagrangian

L  =  X°Yi-°   -  v (X Px  +  Y Py -  C Pc), (A. 10)

where v is the shadow price associated with the budget constraint. The corresponding
FOC are

aL-  =  axo-tyl-0  -  vPx  =  0, and (A. 11)
8x

aL
-   =  (1 -o) X'Y-'   -  V P Y  = 0. (A. 12)
BY

Eliminating v results in

XP. -_.2 Yp„ or     -EY -CPc. (A. 13)
A

1-0 1-0

This equation tells   us   that a fixed fraction   1-0 of total consumption expenditure   CPc   is
spent on traditional goods and a fixed fraction a is spent on high-tech goods. Combining
these equations with the Cobb-Douglas preference function gives an expression for the
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price index Pc

c  =           p          c    o    ypry,-·         =        c   p'  '11 1   -  c -2-j' {   P    r
SO

1-.P; = ll-0 Pxi (1-0) Pc  <Px  (1-a)

<Px\'t P, 11-0
pc - 1-(J 11-(3

(A. 14)

The third step is maximizing

IN'.N, ]e/(,-1)

.r   =       E    ''(. -1)/.j ,  subject to (A. 15)

l i.t

Ni.N2

E    Ci Pxi   = PXX, (A. 16)
i-1

where   E> 1. This yields the following Lagrangian

IN'•Nl 1:/(*-1) IN' IN  (A. 17)

4  -1    4.-,1.-1         -  '1 E  'i'.  - P.X"
where L represents the shadow-price associated with the budget constraint, and C, is the
consumed quantity of variety i of the high-tech good.  The FOC to this problem is

aL  = x1/ect-1/.  - 1,Px, = 0  Vi  = 1,...,Ni+N2. (A. 18)
Bci

We now assume symmetry of goods produced within a country.  From  the  FOC  it  then
follows that

1    / 1\-e 2    /  1\-1

4   = 1 & I      and    4   = 1 61, (A.19)
1   1 21 2  1 2|

(2       Px )               (2       Px )

where c; is the consumed quantity in country k of a good produced in country j and pl is
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the price of a good produced in country j.  We can thus derive

f 2                   12/(E -1)

X,  -IF Nt{Ct')Ce-'ll.1          -   N'((11)'e-ly'  + N'{C:)('-'W']'L.-1,  -

' l\e-1-WC:-1)
(A.20)

Cll N' + N'  fi I
Cp,j -

The respective consumed quantities are thus

1          1          1   Px        X1
4  = .

( 1)/_1·:/Ce-t)I , =lil I / 1 1-le/(:-1)Pl (A.21)

N' + Nl fil
Ni  + N'| ft,1lp:'1

- lp*,

Rewriting the budget constraint as Nic Ip.1 + Nzc;p*2 = Px'X' and combining with the
above expressions yields the solution  for  Px':

/  1\1apx 1
Nlpxl  + N2PJ- \

Pi = .                                             (A.22)-<P: }

'  1*c-1 :/Ce-1)

N'   +  N  & 1
lp '1

Similarly, we derive for country 2:

/  1\/

X'          2 -Ifil .      X,4  = . ,   C2

/ 1)e-1
8/Ce-1) ,

1':-1.2/(:-1) (A.23)(Px J                  f p   1
Ni + N'| fi 1 N i   +  N212  1

, 21                        WJ(P/,1

We now invoke the constraint that the produced quantity of a good from country 1 V)
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equals the consumed quantity (c,1 + (12) so we get

x1 + X2
Cll  + (12  =  X' =. , and

'

1\E-148-1) (A.24)

N' + NAh

.  {P/2 

/ 1\/
1 2 2    Ipx I xt + X2

(2 + (2 =X  =1  2
(Px)

,

1. E-1.e/(2-1)

'

(A.25)

Ni.N' f:.1
1 21

(Px)

so we can derive

/  1\-e
Xl ='Al (A.26)2 1-21
X   (PX)

Furthermore,  we can derive

Kl=   xlpi
+x2p2 x  1 + xlp2

x     (D-1)-* and x2 =
,/ 1,      .,2 1-e {p-2}-' .  (A.27)N 1/.1)1-C ./ 211-e r Al

Txi F- XI \rxj Fl X j
+ Nln, N·In  1     + N+In j
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Producer behaviour
High-tech firms compete monopolistically. Each firm, producing a unique brand of the
high-tech good, is assumed to maximize its present discounted value

-

max   j [x,px, - (La + LA + Lown]e-"dt,  subject to (A.28)
Le Luwn'   0

xi'  = hile,Axi:, (A.29)

[ WRT
eit = -a+c- , (A.30)

W
Yt

hit = zi,eirhaL,u, where zi = E  and z2 = Ed-p, (A.31)

X„ = Q'.,pi, (A.32)

Fi   »    Lfte u · (A.33)

The 'current value' Hamiltonian corresponding to this optimization problem is

*1 - xt:Pxu -  Sit + L,it +  51'wnt + phitf eith#La, (A.34)
eu)

where Phi is the shadow price of the level of technology hi. From here on we suppress
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time indices for reasons of notational clarity. The FOCs of this maximization problem are

BA _ax. Be, ap,iax, Be, 1 F,\ Be,F,w.  ae.
a.,     e'' ©'  a"  a'' a...'4- I·.+4+-Ii'1..awn-g-.a;pebb,

(A.35)

Be,        2-1 i F \     Bei  Fiwn     ae,-hILS,i .--IL.+L.+-2+ ' ·awp,iz,hiL„  - 0,8W   n    C        l  "      n     e, j     awn   e j2             n

8* ax, *xi axi e-1
BL   "  ©*'*' 484                            z

_w n  =  e,hipx'- -W n  = 0, (A.36)

BA
-   =   -wn + Phtz,eihi  =  0, and (A.37)
8Lri

an       .       ax,         apxt ext
rpM  -  Phi +  -ak,  =  Phi +  -=Pd +    ax. Bhx. + Pal *61. (A.38)

We now invoke the symmetry assumption. From equation (A.36) it follows that firms
engage in mark-up pricing

e WT
(A.39)Px = g -1 he

Equation (A.37) yields the optimal R&D input

wT = PAZeh. (A.40)

Equation (A.38) is the dynamic equation governing the allocation of high-tech labour over
time. Taking the relevant derivatives of (A.29) and (A.32) and substituting in (A.38)
yields

r    =   zeL,    +    eL=Pxz-1     + 6. (A.41)
Ph t    Ph

Finally, substituting equations (A.36) and (A.37) in equation (A.35) we get the Solow
conditon

Be wT -1. (A.42)
8WT e
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Using the Solow condition and the efficiency wage relation (A.30), we derive the
equilibrium relative wage and the equilibrium level of effort as

wr= tali  and e=-aL. (A.43)
wy       ((1 -Y)c) 1-Y

The traditional sector exhibits unitary labour productivity and perfect competition
prevails:

Y=L (A.44)Y,

PY  = WY. (A.45)

Labour market equilibrium
We introduce three value functions (Bellman equations), Vy, Vu, and Vr, denoting the
present discounted value of expected income streams of a worker in the traditional sector,
an unemployed person, and a worker in the high-tech sector, respectively. The worker in
the traditional sector enjoys a wage rate of wy from working and he expects in unit time
to get a job in the high-tech sector with probability aq, which gives him a surplus equal
to Vr Vy over his current position.  Vy thus satisfies

rvy = wy + aq(VT - VY), (A.46)

where rVy, in a perfect capital market, is the valuation put on having a job in the
traditional sector. Similarly, we derive

rFu  =  bwy + q(VT - 1 u), and (A.47)

rl'T= WT + On(Vy- VT)+6(1 -11)(VU_  T  (A.48)

For equilibrium to hold, we require throughout that the value of a job in the traditional
sector equals the value of being unemployed

Fy- VU·
(A.49)

We impose two flow-equilibrium conditions, guaranteeing a constant allocation of labour
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over the three states

(A.50)
69LT - aqLY, and

6(1-11)LT = qU, where (A.51)

LT- NCL.+L,+4· (A.52)

Finally, we impose a stock-equilibrium condition

L  = LT+LY+U, (A.53)

so total labour supply (L) is either employed in one of the two sectors or unemployed.
Using the equations (A.46)-(A.53), we can derive the outflow rate out of unemployment
and the number of unemployed as a function of r, wn wy, and the parameters b, a, and 6

U =-11-+a 14 -  aL     and     q   =             (1 -b)(6 +r)
1 [(6

1-a   q           3                                                            w                                                                                 (A. 54)
T(1-ot) - (1-ab)

WY

The steady-state solution of the model
The model is solved under the assumption that excess profits are zero

Tt    =   xpg-  (L  +L,+L)wr   = 00 (A.55)

Using the mark-up relation  (A. 39)  and the production function of high-tech firms  (A.29),
this can be rewritten as

e                 Lx + L,+Lf- -                                                                                        (A.56)e-1    LX

A steady state   is a situation in which relative productivity, the growth rates    in   the   two
countries, the allocation of labour and the number of high-tech firms are constant. In the
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steady state it holds that

giEg2Egah= i . kand I-0. (A.57)
hx X Y

In addition, from equations (A.8) and (A. 14), it can be derived that the steady-state
circular flow is characterized by

g - 11& _ &1 - 1 U (A.58)

°\Py   pcl    a c
Using these expressions, and taking the price of the non-tradeable good in country 1 as
numeraire  (Py' =1)  we can rewrite the (steady-state) Ramsey  rule  (A.7)  as

r-0

g    a(p- 1).
(A.59)

By the choice of the numeraire, the wages in both countries are constant in the steady
state. So both the price of high-tech goods 00 and the shadow price of investment in
R&D (  ) decline at the rate g. Using this in combination with the rate of growth (A.31),
and combining (A.39)-(A.41) we can derive L%= r/ze, and LT=glze. Substituting these
expressions   into the zero-profit condition  (A. 56) and rewriting yields the planned   rate   of

growth as

r   =   (£-1) (g + zeL) . (A.60)

Confronting the Ramsey rule with the planned rate of growth gives the steady-state
solution for the savings-investment equilibrium according to which14

(e-1)zeLf-0 (e -1)[a(p-1)ze.Lf-0]g- and r = (A.61)

O(P-1)-(8-1) O(P-1)-(8-1)

As relative productivity is constant  in the steady state (implying  gi =g2),  we can derive
the steady-state relative productivity level dsS as

< 2.2\1

dss = e L, B (A.62)

le,Lf,J

Finally, we have to determine the steady-state allocation of labour. The size of high-tech

14        Stability  of the model requires  a(p-1) > 6-1. An economically meaningful steady state equilibrium  is
characterized by positive growth and interest rates for which it should hold that (6- 1 kely > 8.
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firms immediately follows from the zero-profit condition (A.56) and the solution of the
equilibrium interest rate (A.61)

cI'(p -1)Lf--8-1 (A.63)
L*+L,+Lf- _EL     =   -1  -r     =                                        ze]

C-1
x

8-lze O(p-1)-(C-1)

Using (A. 13), (A.29), (A.39), (A.44), (A.45), and 4=r/ze, we can derive

LY . Y - XPx 1-0 - Nxprl-0 = Nrwr e  1-0 (A.64)
Py       G                 Py       O               ze  WY E -1     0

Substituting (A.52), (A.54), and (A.64) into (A.53), and using the solution for the firm
size (A.63), we can solve for the equilibrium number of high-tech firms

_L -(1+B)
8-1                   LN=

[w.                      -  f'         (A.65)
8 -'(1-a)-(1-ab) 

e 1+ 'Wr
J   1-0 wT(1 -a)

g-1 (1-b)(6 +r)   WY

where  B -L/Lg=g/r is derived using  (A.61), w,/wy is given by  (A.43),  and the equilib-
rium   interest   rate   by   (A. 61).   From this solution  for  N,   we can solve   for the equilibrium
levels of employment LT and Ly, and for the number of unemployed U.

The ratio L/(L,+L,+Lj) (the 'bureaucratic burden') equals

Lf                     1          -   c(p -1) -(g -1)BB =
(A.66)

L:,+L,+Lf = fr  )+1   e 0(p-1)- -11

In the steady state, it holds that z'Fi= EF'=1972= Ed-BF . Using this, it is then
straightforwardly derived that 8(BB')/BF'=8(BB2)/BF' <0 and 8(BB')/8Fe =8(BB5/811=0.



Chapter 4

A Note on Transitional Dynamicst

This chapter studies the transitional dynamics of a two-sector small open economy
with endogenous growth and a dual labour market. The economy will be charac-
terized by an endogenously determined R&D intensity and a given number of
firms in the high-tech sector. The duality of the labour market results from the
presence of an efficiency wage relation in the high-tech sector of the economy
which gives firms in this sector an incentive to pay relatively high wages. This
non-competitive element in the labour market results in unemployment. We will
show that an initially backward country (in terms of productivity) will catch up
with the leader country by initially heavily investing in R&D. As the potential to
catch up declines, growth and interest rates decline, equilibrium unemployment
increases, and deindustrialization takes place.

4.1 Introduction

In the two previous chapters we developed models that allowed us to study the relation
between growth, unemployment and relative productivity. One of the assumptions we
made in chapter 2 was that the R&D intensity was exogenous. This implies that indepen-
dent of the backwardness of a country, R&D intensities are constant over time. In this
chapter, we drop this assumption. This allows us to study how firms react to changes in
the productivity bonus they receive. In chapter   3, the focus was exclusively on steady
state analysis. For this reason, care is required in confronting the conclusions from the
analysis with empirical evidence. Since transition periods may be long, one cannot
exclude that the data that one studies are on economies that are in the transition to their

1 I would like to thank Rob van den Goorbergh and Lex Meijdam for their assistance with the
programming in MATLAB and the multiple-shooting package, respectively, that have been used to study the
transitional dynamics in this chapter.



96                                                                                       Chapter 4

steady states (estimates of speeds of convergence are around  2%  a year, implying halflifes
of about 35 years; see for example Barro and Sala-i-Martin (1995)). The aim of this
chapter is to develop a model with an endogenously determined R&D intensity and
transitional dynamics. This will allow us to study how growth, unemployment, the inter-
and intra-sectoral allocation of labour, and relative productivity behave during the
transition from a relatively backward position in which large productivity bonuses can be
reaped in R&D to a steady state in which relative productivity levels are constant. For
this aim, we develop a two-sector model of a small open economy that is characterized by
optimal savings- and investment behaviour and unemployment that results from the
presence of a dual labour market.

The basics of the model we develop bear close resemblance to the model devel-
oped in chapter 3. Since this model has extensively been discussed   in that chapter,    we

will be as brief as possible in presenting the basics of the model. We divide the world in
two  economies,  i.e., a small open economy  and  the  rest  of the world.  The  rest  of the
world is assumed to be in its steady state. Both capital and labour are assumed to be
immobile between countries. The small open economy initially lags behind the rest of the
world in terms of labour productivity.    It   has a potential to catch up since   it   can   copy
already existing technologies from the rest of the world. The model has two sectors and is
characterized by endogenous growth and unemployment. One sector of the economy is a
traditional sector that produces non-tradeables and is characterized by the absence of
productivity growth. In the other sector there are N firms operating. We take this number
of firms as exogenously given. This is done for two reasons. It makes the model
technically much more tractable, but it is also economically motivated since the assump-
tion of free entry and exit resulting in elimination of profits or losses at each instant in
time is particularly problematic when studying transitional dynamics. Each firm produces

a unique brand    of a high-tech tradeables    good. The brands    that are available    form

imperfect substitutes in households' utility yielding the producers some monopoly power.
We assume the number of firms to be sufficiently large So that competition in this sector
is monopolistically a la Chamberlin. Productivity growth results from investments taking
place in the high-tech sector in firm-specific R&D that can only take technological
knowledge forward in small incremental steps. The further the economy lags behind in
terms of relative productivity, the larger the productivity bonus that R&D employees in
this country receive. In the high-tech sector, we assume the presence of efficiency wage
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considerations. These give rise to a non-competitive wage differential, which yields an
incentive for some people to become unemployed and wait for a job in the high-tech
sector    that pays relatively high wages. The attractiveness of becoming unemployed    is
crucially determined by not only unemployment benefits, the size of the non-competitive
wage   differential,    and the number of lay-offs   in the high-tech sector,    but   also    by   the

growth- and interest  rate.

We proceed in the following way. Section 4.2 presents the basics of the model. In
section   4.3, we solve   for the steady state and derive the transitional dynamics   of  the
model.   This  will  be  done  in two steps. First, in section 4.3.1 w e present the solution  of
the model in case there is no unemployment. The main focus here will be on the inter-
and intra-sectoral reallocation of labour during the period of transition. An exact
representation of the transitional dynamics is derived applying the time elimination
method   (see   Mulligan and Sala-i-Martin  (1993)). In section  4.3.2, the steady state   of  the
model with unemployment is characterized. Finally, the transitional dynamics of the
complete model are discussed   on the basis of simulations obtained by multiple shooting.
Section 4.4 concludes.

4.2 The model

This   section will briefly discuss the model. Details on derivations of First Order Condi-
tions  can be found  in the Appendix of chapter  3. The meaning of symbols  iS  the  same  as
in chapters 2 and 3 (see the list of symbols at the beginning of this thesis) with one
difference: variables of the rest of the world are indicated with a star and variables of the
small open economy bear no index. Only the equations constituting the final model have
been numbered. All equations in this section apply to both countries.

The model basically can be split into three parts. The first part describes house-
hold behaviour and is given in Table 4.1. Households maximize utility in three steps. In
the first step, intertemporal utility is maximized which gives rise to the well-known
Ramsey rule. In the second step, households decide how to divide their consumption
expenditures on high-tech and traditional goods. In the third step, they decide how much
to buy of the varieties of the high-tech good that are available.
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Table  4.1   Household  behaviour

- c:1-P _ -
mal Uo  = f le -0'dt   s.t.    A, = rtA, + It - C,Pa (P > 1),
c,   o 1-p

max  C = C; Cl0    S.t.     Cpc  =  Cxpx + CYPY   (0 <0<1) ,
CX'CT

iN·*N N'+N1:/(:-1)
r     (E-1)/E

m" cx  - 1 6  4 1

s.t    E  CA = PXCX  (e> 1).
1-1

Performing optimization yields

St  -  11., - to -8 ,                                                                               (1)
c,         p [         Pa        J

Cy y Cx x (PX)at Py 11-0                  (2)

CP« -1-0 - T when Pc . 1-aj  1-aj  '

c. - c (Ll-' where   px = IN.(pi)11 + N(Pxt)1-£ 1/(1-e).                    (3)
XI P 1C X)

Producer behaviour is described in Table   4.2.   In the traditional sector, perfect competi-

tion   prevails and there is unitary labour productivity. The number of producers    in   the

high-tech sector is assumed to be given. A minor difference with chapter 3 is that we put

the traditional fixed cost (F) equal to zero. This is possible due to our assumption of

blocked entry. Producers maximize the present discounted value    of all future profit
streams. Performing standard dynamic optimization gives rise to mark-up pricing, a static

allocation rule for R&D labour, a no-arbitrage condition, and the Solow-condition. We

assume symmetry of firms within a country.
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Table  4.2  Producer  behaviour

Traditional sector

Y = L                                                         (4)Y,

PY  =  WY.                                                                                                                         (5)

High-tech sector:

-               -,146
max   vi = f[xip,i  - (LA, + L„) w„]e   '       dt,

4.4.wi,        0

subject to

xi    =    hiei Lai,                                                                                                                                                                                                                (6)

6, = hizieiLn where  zi' - E   and  zi = Ed-P ,                                 (7)

/ W   \7et - -a + c 11  (0<y <1,a> c(1 -y)),(8)
<WY)

Xi = 0 *0) 1'                                                                         (9)

Performing standard dynamic optimization (under symmetry within a country) results in

e W T
Px

- (10)
8 -1  eh  '

wT - PI,Zeh, (11)

r  =  zeL, + eLxPx e-1  +P A , (12)

Ph E    Ph

.1

2  - 1«1-7,1
Y   and   e.-aL.                                                     (13)
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The labour market of the model is given in Table 4.3. We stress again the assumption
that unemployed people have a larger probability of acquiring a high-tech job than people
employed   in the traditional sector   (a <  1;   see   part   II   of this thesis   for an extensive   dis-
cussion of this way of modelling the labour market). Since workers in the high-tech sector
earn a non-competitive rent, this gives an incentive for some people that are laid off in
the high-tech sector to become unemployed and wait for a high-tech job. Equilibrium
prevails if the value of becoming unemployed equals the value of accepting a job in the
traditional sector   ( Vy= 1/u). The change  in the number of people   in the high-tech sector   is

by definition equal to the inflow minus the outflow (where 6 is the exogenous lay-off

rate). Finally, the model is closed by imposing that people are either employed in one of
the two sectors or they are unemployed.

Table 4.3 The labour market

rVY = wy+ aq(VT- Vy) + Vy, (14)

rFu - bwy + q(VT_ Vu) + Vu, (15)

rFT = Wr + 611(Vy- VT) + 6(1-71)(I U_    + 14, (16)

Nix  =   aqLY + qU -  dNLx, (17)

L   =   LT+  LY +  U     where     LT  =   NU.x + LD. (18)

2         Note that compared  to the model presented in chapter  3, the labour market is defined  in a slightly
different way. Instead of assuming that each period, a fraction 6 of the people in the high-tech sector is laid
off, we now assume that each period a fraction 6 of the people in the production departments is laid off and
that the only matches are with these jobs. This has been done to considerably simplify the analysis of the
transitional dynamics of the model. Technically, by this way of modelling we can avoid having to solve a
system with second order differential equations (since we do not have to consider the effects on unemploy-
ment of changes in the amount of R&D labour (and thus of changes in the rate of growth). The basic
qualitative characteristics of the model do not alter by this slight change in modelling and the mechanisms
we describe will stand upright once we drop this (simplifying) assumption.
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4.3 Solution of the model

In this section, we will solve the model presented in section 4.2. As in previous chapters
we assume that there is no international capital mobility (implying balanced trade at each
point   in time). Firms within a country are assumed   to be symmetrical. In addition,   we
assume  that  the two countries are symmetric with respect  to the preference parameters   (p,

4 8 and #). The value of 6 is also taken to be the same in both countries. Since our focus
is on the transitional dynamics of the small open economy, the rest of the world is
assumed  to  be  in its steady state.   We will proceed  in two steps. In section  4.3.1,  we  will
present the solution of the model, assuming away the existence of unemployment. This
solution generalizes the solution procedure used in Van de Klundert and Smulders (1997)
where an almost identical model is linearized around its steady state to study transitional
dynamics. In section 4.3.2, the solution of the complete model including unemployment
will be presented. Both sections start with a characterization of the steady state, after
which transitional dynamics   will be solved and analyzed.    We   take   the   wage   rate   in   the

traditional sector  of  the  Rest  of the World as numeraire   (wi -1, so WT =w) . This implies
that the price of the high-tech goods in the leader country declines according to equation
(10)   at  the   rate   g'( -h'/h). The smallness   of the economy   we  consider   is  reflected   in  the

assumption that N/NSO. Together, these assumptions imply that the price index of the
tradeable good (px) declines at the rate g' (see equation (3)). In other words, the
development of prices in the small open economy is not reflected in the price-index for
high-tech goods. The leader country   is in other words not affected by developments  in  the
small  open  economy and associated price changes   of the high-tech goods.

4.3.1 Case I: No unemployment and a uniform wage

We start with the characterization of the solution of a simplified version of the model
presented in Tables  4.1-4.3. This version  of the model is comparable  to  Van de Klundert
and Smulders (1997).3 More specifically, we initially abstain from considering unemploy-

3     The model of Van de Klundert and Smulders is identical to the underlying model if we impose the
parameters measuring the strength of knowledge spill-overs in their model to be equal and of opposite signs
(-04=09=B),   and  if  we  put  their  exogenous  mark-up   in  the   traditional sector (BY  equal  to  one  (i.e.,  there  is
no exogenous mark-up in the traditional sector).
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ment (U=0) and non-competitive wage differentials (WT=Wy-w,4 and e= 1). The model
then reduces to the equations (1)-(12) and (18).

The steady state of the ROW is characterized by a constant allocation of labour
and a constant growth rate of labour productivity in the high-tech sector. It is then easily

derived, using equations (2), (5), (6), and (10) that

g·=f =_ltj-lt', K.fi=-g.. 2 =W'-LQ.i# .0.
X.     0 pe   0 C.   p: pl P;  w.  L;  L;

The steady-state Ramsey rule (equation (1)) thus looks like

og'p    =   r'   +  ag'-8.

Combining equations (10) and (11) yields px./pk.=az7(2-1). Taking derivatives w.r.t.

time, it follows that A'/Pk'=A'/Px'=-g' (due to the choice of numeraire and the fact that

z'= 6).  So the no-arbitrage condition (equation (12)) equals

r'= -g'+ 4(L;+L;) = EL;.

Finally, imposing goods- and labour market equilibrium (equations (2) and (18)), the
equilibrium growth- and interest rate for the rest of the world are derived as5

L*                       ,*
60(8-1)--8(£-a) (O(p-1)31-+8

N'                         N'
, r'   =   (e-1)

[(s-c) p-(1-0)]o (£-c)p-(l-o)

To   determine the steady state    in the small open economy,    we   have to realize   that   the

steady state is characterized   by   a constant relative productivity d (implying  that   g =g').
Using this condition, labour market equilibrium, the Ramsey rule (implying that r=r'),
and the no-arbitrage condition, we can straightforwardly derive the steady state relative

4    The symbol for this uniform wage rate should not be mixed up with the relative wage rate between
countries (w//W/) which we used in chapters 2 and 3 and for which we also used the symbol w.

From goods market equilibrium (equation  (2))  we  know  that  LY.=[(1-a)EN'L,1/[a(6-1)].   So  we  can
write labour market equilibrium    as    L  =N-(L,-+L,1 + [(1-a)ENL,1/[a(€-l)]. Using and substituting   the
Ramsey rule, L,' = *4,  and  L; = g'li, the equilibrium growth-  and  interest  rate  are  then  easily  obtained.
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productivity and production labour as6

dss = < L/N ju' and Lf .   r.
\L·IN·) 4(d 9-P

Persistent differences in relative productivity can in this model thus be traced back to
persistent differences in the ratio of labour supply and the number of firms (which is the
maximum size of symmetric high-tech firms).

Let   us    now    turn   to the transitional dynamics    in the small open economy.    For

notational convenience, we define the growth  rate  of a variable  y  as  9 -9/y.   We  will
derive how we can write the dynamic system that characterizes the model in terms of
production labour, relative productivity  and the parameters   of the model  only. In order  to

do this,  we use

_i   =      hLx     =  (px)-,       PE   =       e    Ed 1,    px   =       0    -w   =       8     PY

x'   h'L;   Pl  ' Ph
E-1 e -1 h e -1  h

The first expression simply captures trade in high-tech goods between countries. The
second expression shows that the shadow price of knowledge in terms of the high-tech
good will be larger the lower the productivity of R&D labour and the more high-tech

goods furm close substitutes. The third expression represents pricing of high-tech and
traditional goods. Taking derivatives of these expressions with respect to time, we find
the    Ramsey    rule    and the no-arbitrage condition (see Appendix). The Ramsey    rule

(equation (1)) looks like

((e-1)(6-g')-£ 1
r   =  (op +1-

c)< g  + PLX +0(p -1)g. + 0.E

6         From goods market equilibrium (equation   (2))   we   know   that Lr= [(1-a)ENL,1/[a(6-1)]. So labour
market equilibrium can be written  as  L =N(L.+L,) + [(1-0)ENL,]/[aCE-1)1. We obtain the equilibrium relative
productivity level by using and substituting the Ramsey mle, the definition for the growth rate according to
which L,=g'/Ed -*,   and the no-arbitrage condition (equation  (12)) from which we derive  that     L. = r'/Ed M
(using  that plp  = EEd -B/(£-1))  into the combination of goods- and labour market equilibrium. Notice  that  the
small open economy assumption according to which N/N--*0 does not imply that d tends to infinity since we
also assume that L/L'-*0 Relative productivity is then determined by the ratio of maximal sizes of
symmetric high-tech firms (L/N) in the two countries.
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For the no-arbitrage condition (equation (12)) we get

g·-A-L (  61r= X  _g* + pa + Ed-PIL- +            1.

8                 t.  rd-4

Equating these two solutions for the interest rate gives an expression for 4 that has to
hold  for the financial market  to  be in equilibrium (where  we  use  that  d -h-gl

£    ,   8 1 1 - 0(p - 1)(e - 1)     [Ed- Lx -0- 0(p -1)g.]e
(FE)

I I(8 - 04 + a (8 -0)p + a

Using goods-market equilibrium (equation (2)), labour market equilibrium (equation (18))
can be derived as

L  =  N(Lx+L,) + _1 2.<e-iNLs  =     e -0   NL- + -N-(d +
g.). (LME)

0(8-1) . d-PE

Combining FE and LME finally leaves us with two dynamic equations7

Ls  -         4       'RiLEd-,- Ed-BLA-(ze +g.(ep+0(p-1))) ,ce -o)p +0[ N O(8 - 1)

and

d   =   Edi -B L -

E-O .  .dpl
L -g -1,[N 0(0-1) s   E j

where Rl=gpog- 1)(8-1)  and  R2 =R,(8-0)-08(8-1).  Setting  these  expressions  equal  to  zero,

7        From  LME, we straightforwardly derive the expression  for  d( =dd). Substituting this expression
into FE leaves us with the expression for L:.
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we  derive the d=0-locus  and  the 4 =0-locus  as

L    .   0(e -1)IL          'dl' ]
e-a LNN - 91·

and

L

O(e -1)RiN -dp 0(£-1)180+g.(EF+0(p-1))1
R2                               ER,

We are now ready to analyze the system drawing a phase diagram. Depending On the
signs of R, and R2, we can distinguish four cases, of which one can be excluded.8
Independent of the case under consideration, the system is saddle path stable. The d=0
locus is always downward sloping.   This   can be understood as follows. Large values   of

production labour are accompanied by low amounts of R&D labour. For growth in the
follower country   to be equal   to the growth   rate   in the leader country, large amounts   of

production labour should consequently be accompanied by high R&D productivity and
thus by low relative productivity. The slope of the 4=0 locus is ambiguous and depends

on the sign of R2. In the analysis that will follow we restrict our attention to cases where

R2   is negative (which   will   hold   if  B < 0(8-1)[(8-a)p +al/[8(6-a)]).  We in other words
impose the knowledge spillovers (B) not to be too large and the intertemporal elasticity of
substitution  (1/p)  to  be  not too large.  In  this  case,  the 4 =0 locus is upward sloping.  This
is explained as follows. As relative productivity rises, the returns to R&D decline so for
the financial market to be in equilibrium, this requires less labour to be employed for

R&D activities and more for productive purposes. The phase diagram corresponding to
the case in which both R,  and R2 are negative is depicted in Figure 4.1.

Having given a qualitative description of the transitional dynamics, we will now
turn to an exact representation of the stable arm applying the time elimination method

(see Mulligan (1991) and Mulligan and Sala-i-Martin (1993) for a description of this

method). Applying this method, we know that the slope of the stable arm (dL,/dd) is
given by L,Id. Time does not appear in this expression. In order to solve this equation

'        With  both R's positive,  both  loci are downward sloping  in a (d,LD-diagram,  and  the 4 =0 locus
intersects  the  d =0 locus from above.  The  case  with Ri negative  and R  P0sitive  can be excluded  on the basis
of regular parameter restrictions. With R2 negative, the L.=0 locus is upward sloping. Depending on R,
positive (or negative),  the 4 =0 locus intersects the vertical  axis  at a negative (or positive) value  for 4.
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Figure  4.1  Phase  diagram with  stable  arm

numerically, we only need one point on the stable arm. Since we know that the saddle-

path will go through the steady state, we can start in this point and from there on
determine the stable arm numerically (by backward integration).    The only remaining
problem which has to be solved is that we have to determine the slope of the stable arm
in the steady state (where 4/d=0/0) Applying l'HOpital's rule, we can determine the
derivative of the saddle-path in the steady state as

at
L:(dss) = lint -·ad-_  = -1 *  12 - 4bn, where k = Ce -0)1(dss 1-p

d.ds     a  a                    2k                                              0(e -1)
ad

R2L,ssECd ss)-B <BLxss<ds')-»-11 Lxss,R,   R,L 1  - Bg.- , and m =
ace-1)[(e-o)P+O] (g-o)p+a  [a(£-1) - N  

This expression yields two solutions, one corresponding with the stable and one with the
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unstable arm going through the steady state. Using Figure  4.1, we unambiguously  know

that the stable arm has a positive slope, so the solution that yields a negative slope of the
stable  arm  can be excluded (and belongs  to the unstable  arm). The complete picture  of the

dynamics is depicted in Figure  4.1,  including the stable  arm SS. Results were derived  by

writing and using a routine in MATLAB, which is available upon request.9 In addition,
the time paths of some crucial variables of the model have been depicted in Figures 4.2
and 4.3. Besides the variables  that have already been introduced, we depict the speed  of

10

convergence (defined as d/[&s-d]) and the international wage ratio which satisfies

121/ L \-1/e2- =d e l -1
w'     |L'I\ %/

We   see   that the small open economy starts   with a large R&D intensity, which   is   due   to

the large returns   to   R&D that initially prevail   due   to the backwardness   of  this   economy.

This results in large initial growth rates ultimately converging to the growth rate of the
leader country. Since the demand for investment funds from firms is initially large, the

initial interest   rate   will   also   be   high. The international wage ratio starts   at   a low level,
being a consequence of the low initial productivity (and thus being required for the
follower country to be able to compete on the world market for high-tech goods; see also
chapter 2). As relative productivity increases, the wage rate increases along. Relative
prices are initially larger than one. The lower wages in the follower country can thus not
fully compensate for the lower productivity. During the transition, relative prices decline

and firms in the follower country gain market share. They increase employment for
productive purposes in both the traditional and the high-tech sector. The decrease in R&D

employment during the transition more than offsets the increase in production labour, so

9  The example is based on p=4, 0=0.7, 8=0.02, 8=1.5, B=O.6, E =0.02, (L/N)'=10, and
L/N= 10. This results   in  g  =2.66   %,   Lg  = 3.79,   W= 1.   The   speed  of  convergence   near  the   steady   state
equals  5 % (implying half-year times  of 14 years).  We  take  4=0.1. The corresponding amount of labour  in
the follower country  in the production department is L.0=2.61   and the initial growth  rate  go= 32   %.   The
speed of convergence   in this particular example   is   3.28   %   at   date zero (implying half-year times   of  21
years). A consistency check   has been performed by using a multiple shooting package to determine    the
transitional dynamics (this package will also be used in the next section, where we will discuss some of the
details  of the method of multiple shooting).  As one expects, the results are completely identical.

'o From equation (9) we know that x/x-=(p,/p,')"' =hL,/h'L," =(wh'/w))'. From this expression, we
can  solve  for the international wage ratio.
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Figure 4.2 Time paths of crucial variables I

firms become smaller in size and total high-tech employment declines. The transition is in
other words characterized by a process of deindustrialization. The increase in relative

productivity is not fully reflected in an equiproportionate increase in relative wages. In
the symmetric case we have considered here, both countries end up in a steady state with

the  same  wage  rate.
Finally, a remark has to be made with respect to the speed of convergence. The

speed of convergence measures the rate at which the gap between the actual and the
steady state level of relative productivity is closed. This measure has attracted    much
attention in the debate on the performance of the neoclassical growth model which, in its
simple unaugmented form, is characterized by fast convergence (the text-book Solow
model with a capital share of 0.33, technological progress of 2% a year, population

growth   of   1% ,   and   a   rate of depreciation   of 5% implies a half-life   of 1 3 years). These

rates of convergence do not correspond with the empirically observed rates of convergen-
ce   that are equal to around   2 % (implying half'lifes  of 35 years);   see the discussion   in  for
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Figure  4.3  Time  paths  of crucial  variables  II

example Barro and Sala-i-Martin (1995). Mostly, the speed of convergence is determined

by taking a first order Taylor expansion of the dynamic system around the steady state

(e.g.,  Barro and Sala-i-Martin  (1995)). This results, by definition,  in a constant speed  of
convergence during the transition. However, the true speed of convergence, derived from

a non-linearized system   is not constant   (see also Barro and Sala-i-Martin (1995, chapter
1, p. 53) for this result in the context of the neoclassical growth model). This result is

illustrated in Figure 4.2 in the context of the model analyzed in this chapter. We emphasi-

ze that the result of an increasing speed of convergence (converging to a constant rate)
does not hold in general and depends crucially on the strength of knowledge spillovers

and the intertemporal elasticity of substitution. For large values of B and large values for

the intertemporal elasticity of substitution (low p) convergence is very fast initially and
can be shown to decrease to its 'steady state' value (this result is for example obtained if

we  take the parametrization  of the model given in footnote 9, except  that  we  put  B = 0.9).
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4.3.2  Case  II:  The  complete  model

In this section, we will solve the complete model presented in section 4.2. We proceed
along  the same lines  as in section  4.3.1. We start deriving and characterizing the steady
state of the model. Then we turn to the transitional dynamics. Since no analytical results
can be obtained for the transitional dynamics in the complete model, we will rely on a
method of multiple shooting (e.g., Lipton, Poterba, Sachs and Summers  (1982)) in order
to be able to analyze how growth, unemployment, and the allocation of labour develop
during the transition.

To solve for the steady state of the complete model we will derive the planned and
the     warranted (or required)     rate of return on investments/savings. From these     two

relations between the growth- and interest rate, we can solve for the equilibrium values of
the growth- and interest rate. The warranted rate of return is simply the Ramsey rule. The
planned   rate of return   is   the   rate of return on investments   in R&D, taking into account

demand, production technology and the (effective) supply of labour, which is endogenous

in this version of the model due to the existence of unemployment.
We start our solution procedure determining labour market equilibrium (equations

(14)-(18)). As explained in section   4.2, we impose   Vy= Vu= V. According   to   this

condition, production workers that are laid off from the high-tech sector decide where to
allocate on the labour market on the basis of a comparison of the present discounted value
of   going    to   one   of   the two states.    In the steady state, the present discounted value   of
being in one of the states on the labour market grows at the rate with which wages grow

(and  which are constant due  to the choice of numeraire). Hence, WV=V,/VT=O. Using
this  result and rewriting and combining the equations  (14)-( 16) yields a solution  for  q

  -   (r+6)(1-b)
c.,(1 - a) - (1 - ab)

In addition, labour market equilibrium in the steady state requires that the allocation of
labour over the three states is constant. We can thus derive from equation (17) that
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6NL. =q(aLY+ 0. Labour market equilibrium (equation  (18)) then follows  as

L=  LT+ Ly +U=  N(Lx+ L,) +(1 -a)1-2.-SENL*+-NLx .
c   e -1             q

The no-arbitrage condition  can be written as r=zeL, (see section  4.3.1). In addition,   we
know that g =zeL„  So  we can write the labour market equilibrium  as a function of g  and  r
only. From this, we can solve for the interest rate as a function of the rate of growth"

-B'   +  J (B 'f  -4A'C'A'r2+B' r +Ct = 0 so r =
2Al

zeL zeLl
where A'=1+S, B'-6A'+0+g--F and C'-6 g- N],

1-0 80 6[(0(1 -a)-(1 -ab)]where    S E (1 -a) and  0 E
a 8-1 1-b

This will be labelled the planned rate of return (on investments in R&D). The equilibrium
growth- and interest rate can now be found by confronting the planned rate of return with
the warranted rate of growth. This is done in Figure 4.4. Equilibrium is at the intersec-

tion of the two loci. What is required for the equilibrium to be stable is that the PP-locus

(representing the planned rate of return) intersects the WW-locus (representing the
Ramsey rule) from above.12 Mathematically, the solution for the growth- and interest

" From the parameter restrictions  we  know  that  A' is positive, whereas  C' is negative (since  g =zeL,
and  L, <L/N). Hence,   it is evident  that the solution  for the interest rate r=(-A'-[(B')2-4A'Cl'/2)/2/1'  can  be
excluded since this solution implies a negative interest rate. We return to the stability issue of the
equilibrium in the text.

12      Stability  of the model is guaranteed  if the PP-locus is downward sloping, which  is  the  case  if
A'(2r+6)+9 +g> EeL/N. The specific picture drawn here holds  for  the  rest  of the world  and is based  on
p=4, a=0.7, 8=0.02, 6=1.5, E =0.01, L'=1000, N=100, b=0.975,6-0.3, a=0.5, a=2, c=3.85, and
7=0.5. This results in e=2, w=1.08, 0=0.327, q=0.34, 11=0.78 g'=2.31%, r'=6.86%, 4'=3.43,
L,= 1.16, U=65.93, and Ly'=475.7.
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Figure 4.4 Equilibrium growth- and interest rate

rate can be written as

-B  +    82 -4AC r-0                1
r= and g = ,   where  A  E  1+S+

2/1 0(p-1) O(p-1) '

B  5  6(1 + 4 + , and C = -616-8 +Q _zeL C  0     zeL)

0(p - 1) N C a(p -1)    --Fil  

The solution for the interest rate in the rest of the world (0 is then found substituting

z'= E. The equilibrium allocation of labour follows using that 4'=r'/Ee' (the no-arbitrage

condition), L; = g* 1 Li (the equation   for   the   growth   rate),   L;=[(1-a)£coNIL,1/[a(E-1)]

(representing goods-market equilibrium), and lf=L-L;-N'(L/+LA (representing labour
market equilibrium).

Finally, we can determine the equilibrium relative productivity level d S (at which
the    rates of growth are equal    in    the two countries).    Due    to the assumption    that    the

parameters capturing savings behaviour of households (p, a, and 0) are equal in both
countries, the steady state growth- and interest rate are the same in the follower country
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as    in the leader country    (g=g'    and r=r') Again using labour market equilibrium
(equation  (18)),  but now using  z= Ed  P,  we can solve  for the steady state value  of  z.   This
results in

Zss = 1(dES, -p = (r.)2(1+S)+r'[6(1+S)+0+g']+g*6
eL-(6 +r *)
N

From this expression, we can straightforwardly solve for d S.

We are now ready to discuss the comparative-static results. We will focus on the
effects    of an increase    in the unemployment benefit    in   one    of   the two countries.     An

increase in unemployment benefits in the rest of the world makes the option of unemploy-
ment for laid-off high-tech workers relatively attractive. Consequently, equilibrium
unemployment will go up and the high-tech and traditional sector will shrink. Each high-
tech   firm will become smaller   in  size. It therefore becomes less attractive for these firms
to invest in R&D since their market share declines. Equilibrium growth will accordingly

decline, which makes it even more attractive for laid-off high-tech workers to become

unemployed since the cost of waiting for a high-tech job declines. The follower country is
also affected by the increase in unemployment benefits in the rest of the world since the
lower (world-wide) rate of growth also reduces the cost of waiting for a high-tech job in
the follower country. Unemployment will consequently also increase    in the small   open

economy and firm size will decline as well. However, the loss in market share is less
than   in the leader country. The reduction  in the incentive to engage   in   R&D is therefore
less adversely affected which will result  in an increase in relative productivity. 13

An increase in unemployment benefits in the small open economy also results in
an increase in unemployment due to the lower cost of waiting, but does not affect the

I3 This result of benefits affecting the rate of growth is in contrast with the results we derived in
chapter 3, where an increase in the unemployment benefit reduced the number of firms, increased the rate
of  unemployment,  and  left  the  rate of growth unaffected.  This is explained since in chapter  3, we assumed
free entry and exit of high-tech firms whereas in this chapter we assume that the prevailing regime of entry
is   one   of blocked entry. An extensive discussion and comparison   o f the characteristics   o f the model under
the two respective regimes of entry will be postponed to chapter 5.
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world-wide rate of growth.14 High-tech firms in the small open economy lose market

shares, will engage less in R&D investments, and relative productivity will decline
accordingly. In the new steady state, the small open economy receives a larger productiv-
ity    bonus. This larger productivity bonus exactly compensates    for the reduced    R&D
intensity in the sense that in the new steady state the growth rate in the small open
economy is again equal to the growth rate in the rest of the world.

To solve the transitional dynamics of the complete model with unemployment and
non-competitive wage differentials, we follow  the same procedure  as in section  4.3.1.
(see  Appendix). Our starting point  are the following equalities

x _ heLx -<11'1-* px_eEd-B   _e wT_ E  Py _ 86)wy
x'    h'e'L;   <p;    '  ph     s-1  '   *    e-1 eh    (e-1)eh    (e-1)eh

Along the same procedure as in section 4.3.1, taking derivatives of these equalities with
respect to time and combining allows us to write the Ramsey rule and the no-arbitrage

condition, respectively, as (see the Appendix for derivations)

( (e -1)(6-g *) -L )
r   -  (op +1-

c)< x  + pL* +0(p -1)g ' +8,e

and

.IC .
r= g '.-4-g.+B + Eed-" Lz + - -  .

e                   C    Eed-*3

Equating these two solutions for the interest rate gives an expression for L, that has to
hold for the financial market to be in equilibrium:

L . 8,1-0(P- 1)(e-1)d + [Ed-BeLx-0-0(p-1)g']e
(FE)

X (g- a)p + 0 (8 -0)p + a

This  expression  and its interpretation is similar  to  the  one in subsection  4.3.1.  The  next
step is to characterize labour market equilibrium. We start from the value functions

14 This result is due to our assumption of one-sided knowledge spill-overs. In chapter 3, we allowed
for two-sided knowledge spillovers. In that case, the worldwide rate of growth would be affected by
changing unemployment benefits in the follower country. However, in a model where a small country
assumption is made, this way of modelling is in our opinion inappropriate.
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associated with the three states on the labour market (equations (14)-(16)). Combining
equations   (14)   and   (15) and using   that    Vy= Vu- V in equilibrium,    we can write   the

matching probability of unemployed (q) as

wy(1 -b)
  - (1 -a)(VT-KI'

Substituting this solution into equation (15) and rewriting equation (16) yields

(1 - ab)w
V = rV-         Y

1-a  '

 T = rVT - (owy- 6(V- VT ·

Defining an auxiliary variable, W- Vr - K we derive that

W   =    VT  -  V   =   (r + 6) W -wy co(1-a) - (1-ab) (FLE)
1-a

where wy satisfies (using the equation capturing trade in high-tech goods)

6)*wie  1211  L e \-1/E

WY
= d z Ixl  ,

e.63 (L;e' 1

and the interest rate is according to the no-arbitrage condition equal to

r =    al-L,-g..pa.Ed-Be<L,+01.,)t} .

The expression for W reveals how the difference of valuation put on a high-tech job and
becoming unemployed has to develop for the flows on the labour market to be in
equilibrium.     What this expression basically shows    is    that any change which makes
becoming unemployed relatively attractive (increases in the benefit and relative wages,

and decreases in the relative matching probability of traditional sector workers and the
interest rate) should be accompanied by a smaller change in the difference in valuation on
the two options (making unemployment less attractive and 'restoring' flow equilibrium).

Finally, the model is closed by combining goods-market equilibrium with the
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stock- and flow equilibrium on the labour market. More specifically, combining equations

(17)  and (18), using goods-market equilibrium,  the  fact  that 4=gd p/te,  and the express-

ion for q, we derive labour market equilibrium as

i ed') 1-aNL -  eco N(Lx + 6Lx)(1 -a)W
L - Nt,LX+2  +(1-01)

(LME)
Ze         a XE-1

wy(l-b)               '

So we are finally left with a system of three dynamic equations (FE, FLE, and LME) in

terms of W, 4, and d that describe the laws of motion of the model and from which we
can solve the transitional dynamics of the model.

Of the three state variables in our model (W, 4, and d) one is predetermined (d).
The other two variables can immediately be adjusted by hiring, allocation, and wage
setting decisions of workers and firms. They are forward looking and represent the
anticipations of the economic agents. Technically speaking, the model is saddle-path

stable if the number of unstable (positive) roots of the model equals two, which is the
case in the numerical simulations we will present in this section. Ruling out exploding
trajectories, we can solve the transitional dynamics by solving a two-point boundary-value

problem. At time zero, the value of the predetermined variable is fixed while the forward
looking variables have to reach their steady state values after a 'sufficiently long' time.
Such a two point boundary value problem can be solved by the method of multiple
shooting. We refer here to Ascher, Mattheij and Russell (1988) and Lipton, Poterba,
Sachs and Summers (1982) for technical details of this method.

In the numerical experiments to be presented here, we of course have to make
choices for parameter values. Extensive sensitivity analysis has revealed that the results
are reasonably robust to parameter changes and that at least the direction of the develop-

ment of variables stands upright once parameter values are changed. The results are
described in Table 4.4. Starting from the analysis in the simplified version of the model,
the time paths   of the crucial variables   of the model are relatively easily explained.    As

before, the transition from a situation with a low relative productivity level, is character-
ized by initially high growth- and interest rates that converge to the rates in the Rest of
the World. The internal allocation of labour within firms is such that initially relatively
much labour is used for R&D purposes. During the transition, the productivity of R&D
labour declines and less labour is used there, while the production departments become
larger in size. The traditional sector grows along, while the high-tech sector becomes
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smaller. The transition towards the steady state is in other words characterized by a
process of deindustrialization. So far, the results are in line with what we saw in the
simple version of the model. Let us now turn to the development of unemployment.
Given the large initial interest rates, it is relatively attractive to have a job during times of
low levels of development. This initially results in few people opting for unemployment
and many laid-off people allocating towards the traditional sector and earn a wage there
(U is low and g is high, where V is the percentage of laid-off high-tech workers opting for
a  job   in the traditional sector).   As the transition proceeds,   the  cost of waiting declines  and

unemployment increases.    This is further reinforced   by   the   fact   that the lay-offs increase

during the transition since the number of production workers increases. This further
increases the attractiveness of waiting  for a high-paid job.

Table 4.4 Time paths of crucial variables of small open economy

d       r       g wy 4 B u q
0 0.907 7.573% 2.837% 0.979 3.370 0.397 6.151 0.798

1 0.912 7.534% 2.808% 0.980 3.373 0.394 6.174 0.798

2 0.917 7.498% 2.781% 0.981 3.376 0.391 6.196 0.797

3 0.921 7.463% 2.756% 0.982 3.378 0.388 6.217 0.796

4 0.925 7.430% 2.732% 0.983 3.381 0.385 6.236 0.795

5 0.928 7.400% 2.709% 0.984 3.383 0.383 6.255 0.795

10 0.945 7.270% 2.614% 0.988 3.394 0.372 6.334 0.792

30 0.980 6.998% 2.416% 0.996 3.416 0.349 6.502 0.786

50 0.993 6.905 % 2.348% 0.998 3.423 0.342 6.561 0.784

100 0.999 6.859% 2.315% 1.000 3.427 0.338 6.591 0.783

00 1 6.855% 2.312% 1 3.428 0.337 6.593 0.783

Note: This numerical example is based on £=1.5, B=0.6, a=0.7, p=4, e=2,
(due to a=2 and y=0.5). E =0.01, 8=0.02. 6=0.3. w=l.0794 (due to c=3.85),
a=0.5, b=0.975, N=10, L=100, g'-0.02312, 4'=3.428, do=0.907.

An important final point to mention is that during the transition, high-tech employment

and  unemployment  move in opposite directions.   This  is in contrast  with the standard

Harris-Todaro type of models on dual labour markets, which are often criticized for their
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'rigid' positive relation between high-tech employment and unemployment   that   they

predict (see for example Lindbeck and Snower (1991)). A general equilibrium model with
transitional dynamics has been shown in this chapter not to be characterized by this
unattractive feature   of dual labour markets (at least during the transition). We refer   here
to  chapter  6  for a further discussion  on this issue.

4.4 Conclusion

This chapter has studied the transitional dynamic characteristics of a two-sector model of
a small open economy characterized by a dual labour market. The focus was on the inter-
and intrasectoral development of the allocation of labour during periods of transition.
Economies are intimately related    for two reasons. They exchange high-tech goods   and

there is knowledge that spills over from the Rest of the World to the small open econ-
omy. The advantage the small open economy experiences    from the spilling    over    of

knowledge is larger the more backward it is. Backwardness implies that it can learn a lot
at relatively low costs by simply copying already existing technologies from the Rest of
the World. This makes the returns to R&D that is needed to improve production technol-

ogies relatively large, which results in backward economies investing relatively much in
R&D. This results in large growth rates   as   well as large interest rates   that are required  to
make consumers willing to supply the funds needed for the investments in R&D. As the
potential of a country to catch up declines, growth- and interest rates go down, labour
shifts from R&D to production, and deindustrialization takes place in both absolute and in
relative terms (the high-tech sector becomes smaller in size and the ratio of high-tech to
traditional employment declines) Unemployment in the model has the character of wait
unemployment and is determined by the relative costs and benefits of waiting for well-
paid   high-tech  jobs. The interest   rate   is an important determinant   of  the   cost of waiting.
The declining interest rates that countries experience during the transition to their steady

states are thus accompanied by increasing rates of unemployment.
This last conclusion on the negative association between growth and unemploy-

ment during the transition to a steady state is of particular interest in explaining European
performance in the post World War II period. It is generally acknowledged that European

countries have considerably benefitted from their relative backwardness and were able to
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improve their performance at relatively low costs. At the same time, European countries

experienced a significant rise in unemployment that is extremely persistent. The increased

generosity of social security systems in Europe is undoubtedly an important part of the

explanation of European performance (see especially chapter   2). The declining growth
rates  may have fostered this increase.

Appendix. Financial equilibrium during transition

In this appendix, we will derive the Ramsey rule and the no-arbitrage condition as a
function of (the time-derivatives of) 4, h, and the parameters of the model. The pro-
cedure applies to both the model with and without unemployment, where in the latter case
both the level of effort (e) and the relative wage (w) have to be put equal to one (implying
that wfwT=w). We start our derivations from the expressions capturing trade in high-

tech goods between countries, the shadow price of knowledge in terms of the high-tech
good, and pricing of high-tech and traditional goods

x   _     heL%         (P%)-*    Px      e Ed
-p CWT 8(OWY     €(1)PV

2  /1-e'L; -     'K-  €-1  'Px-(g-1)eh-(e-1)eh-(e-1)eh  (A.1)
Taking derivatives of these expressions with respect to time, using the steady state
relations for the rest of the world, and noting that the level of effort and the relative wage
are time invariant (so we can define   - 'DT= *1  results in

1-£4  -i-g'  =n+Lx-g'  =-£(Dx- b:j - -44+gD, (A.2)

Px- Ph   = -Ba. (A.3)

and

#*  =  *-fi  = Y-A. (A.4)

Since households spend fixed shares of their consumption expenditures on high-tech and
traditional goods (equation (2)) and balanced trade applies, we know that

C+Pc  -Y+PY  =  Ly +0  =  R+Bx  =  Lx +W· (A.5)



120 Chapter 4

Substituting A from (A.2) into (A.5), we find that the wage rate satisfies

 6 -&*)(£-1)-tx
0  =  % +P x-L x  =                                                                                                     (A.6)

E

From the price index of consumption goods (equation  (2)), we derive

Pc = OPX+(1-c)Py = _ag.+(1-0)14 (A.7)

where  we  use  that  due  to the small-country assumption  Px=A'( =-g'). The Ramsey  rule
looks like (using (A.5))

r  =  pO+Pc+0  -  p(Lx *w- Pc, +Pc+B. (A.8)

Substituting the expression for the wage rate (equation (A.6)) and the price-index
(equation (A.7)) into equation (A.8), we find that the Ramsey rule satisfies

((s -1)(6 -g *)-£  1
r = (op+1-a)<          e         X/1+ PLs+0(p-1)g.+8. (A. 9)

The no-arbitrage condition (equation    (12))    can be written (using equation    (A. 3),    and
p'/Ph=E/[(E-1)z], which follows from equations (10) and (11)) as

r  -  15, + pd + Led-"CL. + LD. (A.10)

Using equation (7), according to which L,= A ted-»,and equations (A.4) and (A.6), we
derive that the no-arbitrage condition satisfies

g'-h-L,  -g.  + Ba + Eed -AL, + -6-1 (A. 11)r=
E                                                        <   -        Zed -P 3

Equations  (A.9)  and   (A. 11)   are   the two expressions   for the Ramsey   rule   and  the   no-
arbitrage condition given  in  the text, respectively.
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Unemployment, Growth and Efficiency Wagesl

This chapter presents a two-sector endogenous growth model of a closed economy
with a dual labour market resulting from the presence of an effort extraction
function in one sector. Effort of workers can be influenced by pay and monitor-
ing. This results in an endogenously determined non-competitive wage differential
between sectors and a monitoring intensity which is an important source of fixed
costs for the firm. Growth is driven by intentional investments in R&D performed
in the high-tech and high-wage sector. Unemployment is determined by the costs
and benefits of waiting for a high-paid job. The benefits consist of entry in the
high-wage sector. The costs are, among others, dependent On the rate of growth
and the generosity of the social security system. The characteristics of the model

are   analyzed for different regimes of entry behaviour of firms. The model    is

characterized by a two-sided negative relation between unemployment and growth.
Labour market institutions of which the organization of work and social security
systems will explicitly be considered are shown to be important for the wage
structure, growth, and unemployment.

5.1 Introduction

Wages differ considerably across broad sectors of the economy, even after controlling for
age, education, occupation, gender, and workplace characteristics (€L OECD (1994)).
There are certain common elements in the estimates of these differences for a number of
countries, e.g., manufacturing preeminently being the large sector paying a relatively high
non-competitive wage premium, whereas the agricultural sector pays the lowest wages.
The apparent willingness of employers in imperfectly competitive product markets to

' This chapter is a combination and extension of Van Schaik and De Groot (1998) and De Groot and
Van  Schaik  ( 1998).
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share rents with their workers introduces friction in the market mechanism: the unem-
ployed may prolong their job search in the hope of entering high-wage sectors, and
workers displaced from these sectors may have very high replacement rates and hence
very high reservation wages when benefits are based on previous earnings (cf Kletzer
(1992)). In this view, unemployment is determined by outweighing the costs and benefits
of  waiting   for a high-paid  job. The first purpose   of this chapter   is to address these costs
and benefits in the context of an endogenous growth model characterized by a dual labour
market and optimally determined investment decisions   in   R&D. This allows   us to study
the relation between endogenous growth and unemployment in a general equilibrium
framework. The analysis will be performed under both the regime of free and blocked
entry (see chapter    1    for a discussion   on this issue). The chapter thereby provides    an

extensive presentation and discussion of the labour market underlying the models in
chapters 3 and 4. The second purpose is to study how labour market institutions simulta-
neously affect growth and unemployment. In particular, we will look at the effects of
differences in the ways work is organized within firms and of differences in social
security systems. We therefore extend the efficiency wage relation that we used in part I.

The starting point of the project reported on in this chapter is an endogenous

growth model with a traditional and a high-tech sector. For a description of the engine of
growth    that is incorporated    in the model, we refer to chapter    1. The duality    of   the
economy will be argued to result in a segmented non-Walrasian labour market. Our
model predicts that relative nominal wages are rigid. Labour is homogeneous, but
employers in the high-tech sector are Willing to pay efficiency wages for rent-sharing
reasons. Thus, workers obtain a sector-specific wage rate. The existence of these rents in
the imperfectly competitive high-tech sector of the economy is the benefit that gives
people an incentive   to   wait for high-paid  jobs. We generalize the well-known theoretical
concept of an efficiency wage relation, in which Only the wage rate features, by introduc-
ing the concept of an effort-extraction function (see also Bowles (1985)). The basic idea
here is that employers have several means of 'extracting' effort from their employees.

One is by monitoring and supervising the effort of employees, another is to pay relatively
high wages. Introducing this basic idea in this chapter allows us to study the effects of for
example different organizations of work by firms on growth and unemployment in a
consistent framework. Firms will optimally set the wage and monitoring intensity as to
maximize their profits. This is shown to result in a trade-off between paying high wages



Unemployment, Growth, and Efficiency Wages 123

and intensive monitoring. The monitoring intensity   and wage level that result   from   this
optimizing behaviour are shown to be crucial for both the growth and unemployment

performance of an economy.
Our model deviates from the available literature on growth and unemployment

(see chapter 1 for an overview) in several respects. Firstly, our focus is mainly on
distortions in the supply of labour causing equilibrium unemployment, whereas most of
the available studies focus on distortions in demand. Secondly, we model unemployment

as resulting from (extended) efficiency wage considerations playing a role in one sector
only. Thirdly, we address the problem in a general equilibrium model with a segmented

labour market, characterized by endogenously determined non-competitive wage differen-
tials. Finally, we explicitly model growth as requiring (research) labour, where the
intensity with which R&D is performed is determined on the basis of optimizing behav-

iour of firms. This way of modelling yields an additional (negative) feedback of growth
on unemployment.

We    proceed as follows. Section 5.2 presents the model. It discusses     in    turn

household behaviour, firm behaviour and the labour market of the model. Section 5.3
solves the model under two alternative regimes of entry in the high-tech sector. Section
5.4 looks in detail at the properties of the model in the benchmark regime where free
entry and exit prevails in the high-tech sector. It discusses the consequences for growth

and unemployment of institutionally determined differences in effort extraction functions
(capturing different ways of organizing work) as well as the consequences of changes in

the  generosity of social security systems. These exercises are repeated in section  5.5  but

then under the regime of blocked entry. We present our conclusions in section  5.6.

5.2 A model of R&D and unemployment in a dual economy

The economy comprises two sectors. There is perfect competition in the product market
for traditional goods and monopolistic competition in the product market for high-tech

goods. Each firm in the high-tech sector produces a unique brand of the high-tech good.

There are N high-tech firms, indexed i = 1,...,N.  In section 5.3, we will elaborate on the
determination of the number of firms. We assume that a high-tech firm only holds a
negligibly small market share,    so that competition is monopolistically   A la Chamberlin.
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Growth stems from research done in the high-tech sector. Labour is homogeneous and
can be employed in one of the two sectors or can be unemployed. Workers earn a sector-
specific wage, while unemployed people get unemployment benefits. In this section, we
will present the full model. Only the equations constituting the final model are numbered.
Where there is no danger of confusion, time indices have been omitted.

5.2.1 Households

We assume identical infinite-lived households. Household behaviour is formulated as a
three-stage budgeting problem. In the first stage, households maximize intertemporal

Utilityl

U,=1 ,1 e -0'dt    s.t.    A,  =  r,A,+IM- C,Po,

- Ci-9 - 1

0  1-p

where C is a composite good. 1/p is the intertemporal elasticity of substitution, and 0 is
the subjective discount rate. The dynamic budget constraint describes the development of
financial assets   (A)   over   time   (A,=dA,/dO. Households spend income on consumption

(CPc) and obtain income by working (/w), and by receiving rental income (rA), over
financial assets accumulated in the past.3 Households have Cobb-Douglas preferences

over the two goods. In the second stage of the optimization problem, they maximize

C = X'Yi-0 s.t. Xpx+YPY=Cpc (0<0<1),

where Y is the traditional good, X is a bundle of varieties of the high-tech good, and Py

and Px are the corresponding prices. In addition, households have CES-preferences over

2    All the maximizations are stated on a macroeconomic level. We think of each household as being
made up of a continuum of individuals. We will return to the exact determination of household income in a
later stage of the chapter. For the moment it is important that, irrespective of how household income is
determined, we can derive the consumption-savings decision.

3   In equilibrium, aggregate income from financial assets (rA) equals aggregate dividends paid by the
firm.  We will further elaborate  on  this in footnote 13 where we describe the savings-investment equilibrium.
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the high-tech goods ((f Dixit and Stiglitz (1977)), so in the final step they maximize

TN 12/Ce -1)                     N

    =     E x,('-1)/' s.t.    E X,Pxi = XPx    (e> 1),
[i-1

where xi represents the consumed quantity of the high-tech good of brand i. 8 is the
elasticity of substitution between any two high-tech goods, N is the number of available
varieties of the high-tech good, and px, is the price of a single brand of the high-tech good

of variety i.
The three-step maximization procedure yields five equations. In the first step,

households decide how to divide total income between savings and consumption expendi-

tures. This yields the Ramsey rule

Ck  . 11, _ fs  - 81c PI p', 1
This equation relates the growth rate of consumption to the determinants of the consump-
tion-savings decision. It shows that the rate of growth is high if the real return on savings

(r-Pc' Pc) is large, if households are patient (0 is low), and if households are willing to
substitute intertemporally  (1/p  is  high)

In the second step, households decide how to divide the income they want to spend

on consumption expenditures between high-tech and traditional goods. Given the Cobb-
Douglas specification chosen above, this results in

Ypv YP1 . CPC or  - - -,y   1-0                              (2)
1-0 XPX    C

Pc = 1-
(Px'la C PY  1-0                                                                          (3)
Co) (1-a

Equation (2) tells us that a fixed fraction 1-0 of aggregate consumption expenditure CPc is

spent on traditional goods and a fixed fraction 0 is spent on high-tech goods. Equation (3)
is the definition of the macroeconomic price index.

In the last step, households decide how to divide the income they want to spend on

high-tech goods among the N varieties of this good that are available. This yields the
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demand for a single variety of the high-tech good

x   -  xI&1-'                                                                                                                               (4)C px)    '

N    1_1

px. IE,i-,1.-, I                                                       (5)
i-1

The   price-elasticity of demand   for any variety   of the high-tech   good   is thus equal   to   E.

From now on we employ the assumption of symmetry across firms in the high-tech
sector, so that we may drop the subscript i. Hence, X = xM'con and N = XPx/xpx. Notice
that, after employing the symmetry assumption, the equation for the circular flow (2) can
be written as YP/Nxpg=(1-a)la.

5.2.2 Firms

The traditional sector exhibits unitary labour productivity

Y=L                                                    (6)Y.

Ly stands for the number of workers employed in this sector and Y is the production of
traditional goods. Under perfect competition, the price   of a traditional good equals labour
Cost

PY  =  WY,                                                                                                                         (7)

where wy denotes the wage rate in the traditional sector.

High-tech firms employ direct labour OLD with labour productivity h and effort e,
to produce x units of output

x   =   e h L   .                                                                                                                                                                                   (8)X

According to this equation, the overall productivity of direct labour (x/Lg) is composed of

two factors, each determined differently. With respect to the effort (e), we assume the
existence   of a generalized version   of the efficiency wage relation  that   we   used   in  part   I.
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We will further label this relation the effort-extraction function. The effort of a worker in
the high-tech sector crucially depends on two factors. The first is the wage he earns (WT 

relative to the wage a worker earns in the traditional sector (wy). The second    is    the

(effective) amount of labour employed for monitoring or supervision  (S-eLs)

[ Wrly,
(9)e = -a + cl-1 0 (0 672<Yl/e< 1/e),

l wY]

where 7, and 72 are the effort-wage and effort monitoring elasticity, respectively.4   We

call  this the 'supply of effort'.5 Following Akerlof  (1982),  the main reason  in our model
for high-tech firms to pay efficiency wages is based on sociological considerations. The
idea is that each worker has a certain perception of the amount of effort that a 'fair'
employer can ask from him. The employer can influence this fair amount of effort by
changing the wage he pays. The more he pays, the higher the worker's notion of the fair
amount of effort to be supplied to the employer. By paying high wages, the firm is thus
able to raise the norms of a fair working day and the fair amount of effort to be supplied

in   exchange   for   that   wage. The importance   of   this   type   of sociological consideration   in

explaining various phenomena in the labour market is increasingly acknowledged (see,
e.g., Fehr, Kirchsteiger and Riedl (1993), Kahneman, Knetsch and Thaler  (1986),  and
Solow (1980)). The assumption that the efficiency wage considerations are only present in
the high-tech sector is related to the prevailing imperfect competition in this sector. As
profits  are  made   in this sector only, workers   may   find   it   fair to share in these profits  and

hence ask for a higher wage. In that case, it may be in the interest of the profit-maximiz-
ing firm to offer a higher wage. This matches with the empirical literature in which the
relation between the operation of an efficiency wage relation and some characteristics of
the sector like the size of the firm, capital intensity or kind of competition, has been

investigated  (e.g.,  Arai (1994), Brown and Medoff (1989), Dickens  and  Katz  (1987),
Gera and Grenier (1994), Krueger and Summers (1988), and Van Reenen (1996)). In

4  We use this terminology for presentational convenience. The 'true' or 'correct' elasticities are
endogenous  due  to the constant  term  a  in the effort extraction function  and  they are equal  to  7,0/(-a +9),
where  0 = c(w,/wr)715'2.

s    In the special case where 72=0, firms will be shown to employ no monitoring labour so S=O. For
reasons of continuity, we assume  that 3,2 is equal to one when 72=0 (2 approaches  1  if x approaches  zero

from  above).
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these studies, evidence is found for a significant wage premium for those people working
in large, innovating firms and in firms that operate in situations of imperfect competition.
This research has also revealed that (i) there is an interindustry wage structure that is
significant and persistent over time and (ii) this wage structure cannot be explained solely
on the basis of standard competitive factors as differences in skills, working conditions,
etc. The second factor that positively influences the effort exerted by workers is the
monitoring intensity   (see also Bowles   (1985)). We conceive the elasticities   of the effort-
extraction function as an important institutional characteristic of the economy. They are
characteristic of the way work is being organized within firms. The importance of
institutional and organizational factors on the effort of workers has been stressed in

(historical) studies on the relation between economic institutions and economic perform-
ance. The following passage (Lazonick  (1991,  p.   35)) is instructive:

To overcome restrictions of output and encourage workers to apply their
effort to further the goats of the enterprise. employers had to assure the
workers that promises of higher wages, better work conditions, and employ-

ment stability would be kept. Most capable of keeping such promises were
those corporations that had already attained competitive advantage in their
product    markets.     It    was    these    corporations    that   were    already     generating

value gains that could be shared with workers to an extent that other, less
advantaged    corporations    could    not.    The    most    effective    way    to    implement

these incentives was by promising hard-working, loyal workers long-tenn
employment security and a rising standard of living both on and off the job.

The variable h can be affected by the firm by doing R&D. Assuming that there is no
uncertainty with respect to investment in knowledge, employing L, units of research
labour yields an increase in technology equal to

h - gheL„ (10)

where h stands for the stock of knowledge a firm possesses (and which has been built up
in  the  past),  and  6( > 0)  is a productivity parameter. This specification  of the knowledge
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base implies that knowledge is completely internal to the firm.6 Finally, firms have to
employ a fixed amount of labour in efficiency units (F) before being able to produce. One

may think here of a fixed amount of management required before production can be
started. So we require FEeLt

In maximizing present discounted value, high-tech firms decide about labour input
in the production department  (L,), labour input  in the research department (L,),  the  wage
rate   (wr),   and the monitoring intensity  (S). This optimization leaves  us  with five equations
capturing the First Order Conditions of the firms' optimization problem (see Appendix A
for a derivation). In this approach, we determine the input of research labour on the basis
of intertemporally optimizing behaviour of the firm. We refer to chapter 1 for a dis-
cussion on this issue. The first equation shows the wage-setting behaviour. Firms will pay
higher wages as long as the increase in benefits related to the increase in efficiency more
than offsets the increase in cost in the form of a higher wage bill. This comes down to the
well-known Solow condition7

&     LE   = 1. (11)

8WT e

For the monitoring intensity, we derive

8e S              L--  -            s <1 0 (12)
BS e L*+L,+Ls +Lf

Firms increase their monitoring intensity as long as the marginal revenue of doing so

6     Alternatively, we could assume that knowledge is only partly internal to the firm. As shown in Van
Schaik and De Groot (1998), this does not affect the qualitative results. When knowledge is not completely
internal to the firm, the incentive to engage in research is less, as the firm cannot fully appropriate the
benefits   that are generated through the research. This leads  to a lower intensity of research (and therefore   a
lower growth rate) than when there are no knowledge spillovers. We refer to chapter 9 for a discussion on
the modelling of the knowledge base.

7    In Van Schaik and De Groot (1998) we assume that effort-extraction considerations only apply to
production workers. Here, we assume that they apply to all high-tech workers. One can argue about the
most appropriate assumption. In any case, only applying efficiency wage considerations to production
workers yields a 'modified Solow condition'. According  to this modified Solow condition, the endogenous
effort-wage elasticity is larger than one in equilibrium. Increasing the wage by one percent should be
accompanied with a more than one percent increase in effort, as the higher wage also has to be paid to
research labourers and managers/fixed labour (of which the productivity is not affected by the wage setting
behaviour).
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exceeds the marginal cost. This results in an equilibrium effort-monitoring elasticity that
is   smaller  than  one (see footnote  4).   So  a one percent increase   in the monitoring intensity
only needs to result in a less than one percent increase in effort since this higher effort
not only applies to the monitoring labour itself but also to production workers,
researchers and managers. Combining these two conditions and using the endogenous

effort-wage and effort-monitoring elasticities (see footnote 4),  we can derive

11
aYl  =                           a                      I y i          and                                        S                               =     -Il

L
e= - , (0 2

1-Yi wy  ((1-Yl)Syl  Lx+L,+L,+Lf    Yi

This result reveals that in maximizing their profits, firms make a trade-off between

eliciting effort via paying high wages  (high  co)  and via intensive monitoring  (high  S).
Depending on the relative effectiveness of the two available instruments, firms decide on

how much to pay their workers  and how much monitoring labour to employ. The amount

of supervision labour as a fraction of the total labour force of a firm is equal to the ratio

of the effort-monitoring and the effort-wage elasticity (72/71). An increase   in   firm   size

results in other words in an equiproportionate increase in the amount of supervisors.

The third equation describes price-setting behaviour. Given the market power of
high-tech firms, they will simply put a mark-up over their wage cost

£ WT
(13)P/= e -1  eh

This relation shows that real wages in the high-tech sector wz/Px increase with labour

productivity h. Unit real labour costs w,/e/ipx equal (8-1)/E and are therefore invariant
with respect to labour productivity growth. The mark-up is inversely related to the
elasticity of substitution between any two high-tech goods. The closer these goods form

substitutes,   i.e., the higher  g  is,  the less market power firms  have,  and the lower  the

mark-up they can put on labour costs.

The fourth equation determines optimal research effort

WT =Phgeh. (14)

In this formula, Ph is the shadow price of the level of technology h. It is a measure of the

marginal value of an additional unit of h for the firm. According to this equation, a firm
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equalizes the marginal revenue of doing research (consisting of an increase in the level of
technology   a   firm  can   use)   with the marginal   cost  of  R&D,   i.e.,   the   wage  bill   of  a
researcher. Combining equations (13) and (14) leads to Ph/Px=(8-1)/(68). This relation
shows that the price (of the input) of knowledge in terms of the price (of the output) of
the final product will rise if it becomes relatively costly to generate new knowledge (E is
low)  and if high-tech goods form closer substitutes (higher  8)

Finally, we derive the dynamic equation

P.£-1     Phr = E e L, + e Lx - - + - ' (15)
Ph £ Ph

According to this equation, the marginal cost of an increase in h which consists of capital
cost r should equal the marginal revenue of an increase in h which consists of an addition
to the stock of knowledge, an increase in production, and a capital gains term, 644·

5.2.3  Equilibrium  unemployment  in  a  segmented  labour  market

An essential characteristic of the model is its segmented labour market. The effort-
extraction function operating in the high-tech sector leads to primary sector workers
receiving a non-competitive   rent   (w >  1). 8 The existence of these rents   is   at the heart   of
the analysis to follow. Each individual within a household is striving for the highest
possible pay-off (in terms of present discounted value). Hence, all individuals would   like
to be employed in the high-tech sector.9 The number of jobs in this sector is, however,

8   We restrict the parameters of the effort extraction function in such a way that a non-competitive
wage differential results  (i.e.,  a/[c(17,)5'21   >   1).

9    We are confronted in this model with the problem of incorporating a non-Walrasian labour market
structure   in a dynamic general equilibrium model   (see, e.g., Danthine and Donaldson   (1990),   and   Gali
(1995) for a discussion of these problems in the context of a real business cycle model). Though the
construction that we use here of having a representative household (making the consumption-savings
decision) being composed out of a continuum of individuals aimed at achieving the highest possible pay-off
(in  terms of present discounted value) is admittedly somewhat artificial, it allows  us to embody the relation
between unemployment and endogenous growth in a general equilibrium framework. In chapters 2 and 6,
this problem does not arise since no savings and investments occur in these chapters and consumers are
assumed to be risk-neutral. Maximizing utility hence boils down to maximizing income (in the first step of
the optimization procedure).
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limited since consumers want to spend their income on both high-tech and traditional
goods  (a< 1). We assume  that  at some exogenous  rate  6,  jobs  in the high-tech sector

become available. Upon being laid off, a worker faces two options. He can either decide

to take a job in the traditional sector (these jobs are freely available), or he can join the
pool of unemployed. In determining his optimal strategy, the worker has to take the
following factors into consideration: (i) unemployment benefits are lower than the salaries

in the traditional sector  (b < wy),  and  (ii) the probability of being matched  with a high-tech
job when being   in the traditional sector   (aq) is lower  than when being unemployed   (q).

The process of weighing the two options that laid off high-tech workers face results in an
endogenously determined probability  (,1) of entering  one  of  the two states  (i.e., the state

of unemployment or traditional sector employment). The outcome for this probability is
such that ex-ante laid off workers (which are distributed randomly) are indifferent
between the two options they face.

Figure   5.1   presents a stylized interpretation   of the labour market flows.   The

assumption that the unemployed have a higher probability of being matched with a job in
the high-tech sector than workers   in the traditional sector   (et < 1) is important   in  our

model and often used as a simple and useful working hypothesis in the literature on

High-tech C

Employment (Lr)

aq      811

W V

Traditional
Unemployment (U)

Employment (LY)

Figure  5.1   Labour-market  flows
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unemployment in dual labour markets (e.g., Bulow and Summers (1986), Burda  (1988),
Calvo (1978), Harris and Todaro (1970), McCormick (1990), Taubman and Wachter

(1986)). We refer to chapter  6  for  a more extensive discussion  of  this  way of modelling,
as well as a presentation of the potential alternatives that are available, which also yield a
relation between growth and unemployment.

To formalize the determination of the labour market equilibrium, we now
introduce three value functions (Bellman equations;  see, e.g., Pissarides  (1990)).  Let  Vy,

VU' and VT denote the present discounted value of expected income streams of a worker in
the traditional sector, an unemployed person, and a worker in the high-tech sector,
respectively. The worker  in the traditional sector earns  a  wage  rate  of  wy  and  in  unit  time

he expects to get a job in the high-tech sector with probability aq, which gives him a
surplus of VT - Vy over his current position. Vy thus satisfies

rVY =  wy + aq(VT- VY), (16)

where rVy is, in a perfect capital market, the valuation put on having a job in the
traditional sector (this job may be seen as an asset). This valuation equals the return on
the traditional sector job. Similarly, we derive

rFu  =  bwY + q(VT _ Vu), (17)

rFT  =  WT + 671(Vy-VT) + 6(1-71)CVU-VT) (18)

The workers discount their income at the nominal interest rate r as they can freely save

and borrow in the financial market at the nominal interest rate. In equilibrium, it is
required that the value of a job in the traditional sector equals the value of being

unemployed

Py = VU. (19)

In addition, we impose two flow-equilibrium conditions, guaranteeing a constant alloca-
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tion of labour over the three states

6VLT= aqLY, (20)

6(1-9)LT=qU. (21)

Note that we can neglect flows between traditional-sector employment and unemployment

because, in equilibrium, there is no incentive to alternate between equilibrium strategies

that  have been chosen. 10 Employment  in the high-tech sector equals

LT  =  N<Lx + L, + Ls + LD . (22)

Finally,   we  have to impose a stock-equilibrium condition

L  = L +Ly+U, (23)

so total labour supply L is either employed in one of the two sectors or unemployed. This
labour market block of the model yields a relationship between the unemployment rate
and the number of high-tech workers as a function of the relative wage differential w, the
unemployment benefit b, the acceptance rate of a worker from the traditional sector a,
and the interest rate r.

By combining the above relations (equations (16)-(19)), we can derive the
matching probability of an unemployed person with a job in the high-tech sector as a

function of the rate of interest11

(1-b)(r + 6)
   -   c.,(1 -a) -(1 -ab)

This reveals a positive relation between q and r. We can also derive a relation between

m   Take, for example, a worker in the traditional sector. Working in that sector has some value for
him,  and this value consists of current and future earnings. In equilibrium, this value  is  the  same  as  the
value that unemployed workers derive from being unemployed. Now suppose    that a traditional sector
worker moves to the pool of unemployed. The effect of that move is that the value of being unemployed
goes down as more unemployed people compete for the available high-tech jobs, reducing the inflow rate
into the high-tech sector q. The strategy of moving from traditional-sector employment to the unemployment
pool will therefore not be chosen in equilibrium (and vice versa)

" An economically meaningful solution requires 0<q<l s o w> 1(1-b)(r +8) +(1-ab)]/(1-a).
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the number of unemployed and the number of high-tech workers. This relation follows
from the stock and flow equilibria on the labour market (equations (20)-(23)) 12

U  -    6+a q   LT _    a
L       q(1 -a)  L      1-a

According to this equation, the unemployment rate U/L is positively related to the number
of high-tech workers and negatively related to the outflow rate out of unemployment (and
thereby to the interest rate). This can be understood as follows. As more high-tech jobs
become available (ceteris paribus), the number of high-tech jobs opening up as a result of
lay-offs increases. For a given matching probability of unemployed people, this increases

the attractiveness of waiting for a high-tech job as an unemployed job seeker. The
unemployment   rate    will   rise   accordingly. An increase    in the interest rate decreases    the

unemployment rate since a higher interest rate increases the importance attached to
current payments. As being unemployed yields a relatively low current pay-off as
compared to a traditional sector job, being in the traditional sector becomes relatively
more attractive, reducing the unemployment rate (ceteris paribus). The model is thus
characterized by a (partial) negative relation between growth (formally, the interest rate

which, as we will see in the next section, positively depends on the growth rate) and
unemployment. Unemployment and benefits are positively related. Higher benefits reduce

the costs of waiting for a high-paid job and thus increase equilibrium unemployment. In

section 5.4.4, we will look at the effects of the generosity of the social security system in
the general equilibrium model.

The resulting unemployment in our model has to be thought of as wait unemploy-

ment. That is, part of the labour force is deliberately queuing up for the high-paid jobs.

In the dual structure that we have in our model, it is impossible to call this type of
unemployment either voluntary or involuntary.   It is voluntary   in the sense   that   the

unemployed could, in principle, choose to be employed in the traditional sector. It is
involuntary, however, as all the unemployed people are willing to accept a job in the
high-tech sector, but are not offered such a job because of the rationing in that sector.

12   To avoid corner solutions (in which all labour would be employed and divided over the two
sectors) we restrict parameters to cases in which   U> 0.
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5.3 The steady state of the model

In this section,  we will elaborate on the steady state equilibrium of the model. The system
can be solved after defining a numdraire (alternatively, we could solve the model in
relative prices), and after taking into account the definitions   for the growth rates   that  link
the levels of consumption, the price index of consumption, the level of technology and the
shadow price of the level of technology with their respective growth rates. Furthermore,
we need one more equation to determine the number of firms. The number of firms will
either be taken as exogenous (the blocked entry regime) or as following from a zero-profit
condition according to which firms enter or leave the market as long as excess profits are
non-zero   (the free entry regime). Both exercises/regimes are interesting in their own right
and   give   rise to different conclusions (see chapter    1   for a discussion). This chapter   will
establish and explain these differences. The system jumps to a steady state growth
equilibrium as there are no predetermined rigidities and as there are constant returns to
scale with respect to knowledge.

The blocked and free-entry equilibrium are characterized by non-negative excess

profits in the high-tech sector

A    =  xpx-(Lx +L, +L S+L j)w T  2  0,

where the equality sign holds   for free entry. Using the price equation   (13)   and   the

production function (8), this condition can be written as

e        L*j + Lrj +Lsj + Ly --2
e-1        L

Xj

where j indexes the prevailing kind of goods-market competition (BE represents blocked
entry and FE represents free entry). R will further be denoted as the firm's 'fixed cost
ratio'. It measures total  firm size (L,+L,+Ls +Lf) in relation  to  the  size  of the production

department (L,). From the characterization of profits under the two respective regimes,

we can thus derive  6/(8-1) =R E 26RBE'  This can be understood since making excess profits
requires firms to be able to spread their fixed and quasi-fixed costs over a relatively large

output, or, in other words, the size of the production department of the firms has to be

large in relation to total firm size.
We will now derive the full solution of the model. To start with, notice that in the
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steady state it holds by definition that

gs h = :i = * and 0 E f
hx X  Y

Labour productivity in the high-tech sector grows at a constant rate, denoted by g. Output
of high-tech goods also grows at rate g, while output of traditional goods is constant. In
addition, from equations (2) and (3) it can be derived that the steady state circular flow
equilibrium is characterized by

g . tY - *% - 1  tc - Px  . 1 t,Py   Px   1-0(Pc   Px J   OC
Since households spend a constant fraction a on high-tech goods, the macroeconomic rate
of growth is ag, whereas the relative price P/ipx increases at the rate g. Taking the price

of the traditional good as numdraire (&= 1), this implies that the price of a high-tech
good decreases  at  the rate  g.

The equilibrium growth- and interest rate can be found by confronting investment
behaviour from the firms with savings behaviour from households.13 Savings behaviour
satisfies the Ramsey rule

r-0

g  -   a (p- 1).

This will be called the warranted or required rate of growth. A second relation between

13 In this economy, aggregate income equals wage income  /w  ( = wr LT+wy Ly) plus total dividends
(AD). Dividends equal high-tech output (Nxpx) minus production costs   (Nwr (4 +4 +4))  and   are   paid  by
high-tech firms. They equal income from financial assets rA. Investments by high-tech firms equal   NwiL,
Savings amount to aggregate income minus consumption expenditure (4+ND-YPr -Nxp.) Using the
definition for dividends, savings thus amount to NwrL,. So, in equilibrium, aggregate investments equal

aggregate savings.
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14the rate of growth and the interest rate follows from producer behaviour

g =,1,-1-72,1-,F,
Yi

This will be called the planned rate of growth. The solution to the model is depicted in
Figure 5.2.  In this figure, the line WW represents the warranted rate of growth, while the

g
A P

W

E

I F P     M
8 MICR -1 -y,R/YA    r

Figure  5.2  Equilibrium  growth  and  interest  rate

line PP represents the planned rate of growth. The slope of these curves are 1/[a(p-1)]
and R-1-y,R/71, respectively.

Under free entry, R is known and equal to E/(6-1), so the equilibrium growth and
interest   rate are easily found from Figure 5.2. Stability   of the model is guaranteed   if  the

warranted rate of growth intersects the planned rate of growth from above, which holds if

14        The   dynamic   equation  governing   producer   behaviour   (equation  ( 15))   can   be   written as L,= rite
(using the steady state definition, the definition of the growth rate (equation (10)), and equations (13) and
(14) from which we derive that Ph/Ph= -g)· The effort wage elasticity  is  7,0/(-a +0) (see footnote  4)  and  is
equal to one (see equation (11)) from which we can solve for 9. Substituting this solution for 0 in equation
(12),    according to which 720/(-a+0)=L./RL,   (see also footnote   4), we derive   that   747,=L,/(RL,).    It
therefore holds that the 'fixed cost ratio' R equals 1 +gM+R·y471+Emr. Rewriting this expression yields
g =«R-1-72Rly A-if.
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(R-1-72R/y,) > 1/(0(p-1)).    An economically meaningful steady state equilibrium    is

characterized by positive growth and interest rates. We can formulate this requirement as

EF> (R-1-72R/71)0.  So  for the growth and interest rates  to be positive, the traditional
fixed costs need to be large enough. Using that R =E/(8-1) under free entry, these condi-
tions simplify  to  EF/0 > [yi-£72]/[7,(6-1)] > 1/[a(p-1)] > 0. Under blocked entry, we cannot

determine the equilibrium growth- and interest rate of the model since R is not known.
Additional information needed to determine the equilibrium solution is that labour market
equilibrium holds. 15 The details  of the solution under the alternative regimes of entry   can

be found in Appendix B. In the next sections, we will discuss the properties of the model

for the two distinguished regimes of entry.

5.4 The properties of the model under the regime of free entry

We consider the results of the free entry regime as a theoretical benchmark that applies in

the highly 'stylized world' in which there are no barriers to entry or sunk costs that have

to be incurred for entry to be feasible. The attention will be restricted to a discussion of
the comparative static results    that are obtained by changing the fixed costs    (F),    the

generosity of the social security system (b), and the effort-monitoring elasticity (72)
In the free entry regime, the equilibrium interest and growth rate follow from

confronting the planned and warranted   rate of growth as derived in section  5.3, and using

R= 6/(6-1) This yields

<Fo(p - 1) - 0 EF- 00 Yl-EY2r= and g = , where Q = > 0.
a(p -1)Q -1 ((p - 1)0 - 1 Yi(£-1)

IS    We refer to chapter 4 for a graphical and mathematical representation of the planned and warranted
rate of growth under blocked entry  in a similar model.
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The equilibrium monitoring intensity and relative wage are then derived as

S  =     s    72 [0(p -1)F-0/Zl    and    w  =  [         a         1.E ,
e-1 Yl  (P-1)0-1

L(1-Ybcs#1

and the equilibrium number of firms as

eL

N= 1-*

1_+1-ae

1 ('-1)-f].izi  „,-.:#a':-1,     .
6[w(1-a)-(1 -ab)1

1 (1..)(1 -b) 170(p-1)-0+8.IL-_Ii'(p-1)-8 (E-1)71 (E-1)Yl

The solutions correspond to those obtained in chapter 3 if we put 72=0· An important
remark with respect to the solution for the growth rate is that under free entry the equilib-
rium rate of growth does not depend on the size of the labour force L (just like in chapter

3). This result is important   in the light  of the ongoing debate   on the importance of scale

effects in models of endogenous growth. We refer here to the discussion in chapters 1 and

9 on our specific way of modelling of the engine of growth and the importance of scale

effects in models of endogenous growth.
We now turn to the comparative static characteristics of the model. They are

presented in Table  5.1, in which  we  make a distinction between  the  case in which 72 > 0,
and   72 =0·16 An increase   in the fixed cost requirement (F) unambiguously increases   the

growth   and the interest   rate.    This is explained since large fixed costs will leave limited
room for firms with non-negative profits. As a consequence, (remaining) high-tech firms
will be larger and will have larger market shares. This increases their potential to spread

the (quasi) fixed costs of R&D over a large output and thus increases their incentive to
engage in R&D. This will result in large growth rates, and relatively large firms that
employ more labour  in all activities they perform (i.e., production, research, monitoring,
and managing). This result reveals the Schumpeterian character of our model. In the case
where 72 =0, the increase in the interest rate will increase the cost of waiting for a well-
paid job in the high-tech sector. Unemployment will thus decline and employment in both

16       The  case in which 72=0 yields the efficiency wage relation  that is embodied  in  part  I  and De Groot
and Van Schaik (1998) in which only the relative wage rate (w) features in the effort-extraction function and
the monitoring intensity (R is equal to zero.
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production sectors of the economy increases, whereas the number of high-tech firms
declines (i.e. the increase in fixed costs forces some firms to leave the market). In the
more   general case where   72> 0, the increased monitoring intensity   (S)   will be accom-
panied    by a reduction    in the relative    wage    (w).    We can unambiguously derive    that

employment in the high-tech sector increases (see Appendix B). In other words, the
increase in firm size will always outweigh the reduction in number of firms. Due to the
terms of trade effect that is associated with the decline in the relative wage, the ratio of
traditional sector employment to high-tech employment will fall (so the economy becomes

more    high-tech   in both absolute and relative terms). Also, wait-unemployment   as   a

fraction of high-tech employment (U/LT) declines due to the fact that (i) the relative wage
rate declines which implies that the return to waiting is smaller and (ii) the interest rate is
larger which increases the importance attached to current payments and thus makes

waiting for a future high-paid job less attractive. Still, the effect On the level of traditional
employment and unemployment cannot unambiguously be derived. Making the assumption

that terms of trade effects do not dominate, traditional sector employment increases along

with high-tech employment and unemployment declines (as in the case where 72=0)·

Table  5.1   Comparative  static  results  under free   entry

grS w 4 4 4 LT LY U N BBH
F  + + +/0 -/0 + + +/0 +     ?/+      ?/-       ?/-

b 0 0 0 0 0 0 0- - +            -              0

72 + + +n+++ v v n - or v       -

Note: The signs in the cells indicate the signs of the derivatives of the respective
variables with respect to the parameters under consideration. Wherever signs differ
dependent on 72 larger or equal to zero, both effects are indicated: the first effect in a
cell  belongs  to  the case where  72 > 0. Of course,  the  last  row only applies  for  72> 0.
A 'v' indicates that the variable follows a U-shaped pattern, while a 'n' indicates that
it follows a hump-shaped pattern. Details on the comparative statics w.r.t. 72 can be
found in Appendix   B.

There is by now considerable evidence that unemployment benefits affect unemployment

rates    (see    OECD (1994)). Benefits should be conceived    here    in a broad    way,    also

including coverage, duration, availability, administrative controls, etc. Not much is

17       BB  represents the bureaucratic burden  and is defined  as BB =(L,+Lf)/(L,+L,+L,+Lf)=(L,+4)/RL.
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known, however, on the effects of unemployment benefits on economic growth. Most
often, labour market institutions are assumed to have no growth effects at all (see chapter
1).    In   Table   5.1, the policy effects   of a change   in the generosity   of the social security
system for both unemployment and economic growth are given for the regime of free
entry. The increased generosity of unemployment benefits increases the unemployment
rate. This is caused by the decrease in the costs of waiting for a high-wage job. The
effective supply of labour (L-U) is consequently decreased. This tends to decrease the
average firm size in the high-tech sector and reduces the profitability of high-tech firms.
As a consequence, some firms have to close down (N decreases). The variety of high-tech
goods available to consumers is thereby reduced. This reduction continues until the high-
tech   firms  make zero profits again  (and   are   of  the  same   size   as   they were initially).   Both
the    high-tech    and the traditional sector have shrinked.     This    is an illustration    of   the
dichotomy between the growth- and the labour-market block that characterizes the model
under free entry (similar results are obtained with respect to the other parameters of the
labour market block, i.e. a and 6). Labour market institutions do play a role, however, in
determining the equilibrium number of high-tech firms, which is evident from the solution
for N. By acting upon the costs and benefits of waiting for a high-paid job and
consequently affecting equilibrium unemployment, labour market institutions influence the
effective supply of labour (L-U). The smaller the effective supply of labour will be, the
less room there is for profit-making firms and the smaller the number of high-tech firms
will be. Labour market institutions have, in other words, no growth effects, but they do
have level effects. These level effects influence the wellbeing of households as they have
a  taste for variety. 18

Finally, we consider the effects of differences   in the effort-monitoring elasticity.
We consider differences in this elasticity as representative of differences in the way work

is organized. In our view, these differences provide a potential explanation for observed
differences in non-competitive wage differentials and the bureaucratic burden (see chapter

3), but also for differences in the growth- and unemployment performance of an econ-
omy.    In the remainder   of this section   we will analyze how growth, relative wages,

unemployment and the sectoral allocation of labour develop as the effort-monitoring

18    The welfare properties of the model could be further examined, but this is beyond the scope of this
chapter. We refer to chapter 9 for a welfare analysis with an extensive discussion of the externalities in a
simplified version of the current model (in which there is no unemployment).
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elasticity increases. Since we proceed with a focus on differences in the effort-supervision
elasticity and assume y, to be constant, we can consider the combinations of the relative
wage and monitoring intensity that result from optimizing behaviour as combinations that
are required to extract a certain (constant) level of effort from workers (note that the
effort level is equal to ay,/[l-y,] and is thus independent of 72)· In our model, monitoring
labour is an additional source of (quasi) fixed costs for firms. This implies that the more
attractive it becomes for firms  to use monitoring labour  (i.e., the larger  72)  as a means  of
eliciting effort from workers, the larger the fixed costs will be and, analogous to the logic
with respect to increases in F, the larger the growth and interest rate will be. Along with
this increase, the production- and research departments will become larger in size. The
effects on the relative wage and the allocation of labour over the three states on the labour
market are non-monotonous. As the effort-monitoring elasticity increases, firms will
initially not only increase the amount of monitoring labour they employ, but also the
(relative)   wage   they are willing   to   pay. In other words, the process of effort extraction
initially becomes less effective as 72 increases in that both more monitoring labour and
higher wages are required to extract a certain amount of effort. Only when the effort-
monitoring elasticity surpasses some critical level, relative wages start to decline    (see

Appendix B; of course, for given elasticities, the result that high wages are traded off
against high monitoring intensities stands upright). The increase   in the relative   wage   will

initially make unemployment such an attractive Option that unemployment will increase

(even   though the increased interest rate makes waiting relatively costly).   As the growth
rate increases along with 72, waiting will ultimately become so expensive that unemploy-

ment will decline. This is reinforced once the relative wage starts to decline. The
development of the size of both the high-tech and the traditional sector follows a U-
shaped pattern (the mirror-image of unemployment which follows a hump-shaped pattern;
see    Appendix   B for details   on the (relative) development   of the allocation of labour)
Ultimately, we are left with a picture in which countries with a low effort-monitoring
elasticity are characterized by low growth, low unemployment, a low non-competitive
wage differential, and a high bureaucratic burden. At the other end of the spectrum are

countries with high growth rates, low non-competitive wage differentials, low unemploy-
ment rates, and a low bureaucratic burden. In intermediate cases, we have countries with

high relative wages, high unemployment rates and intermediate rates of growth. The
bottom-line of this exercise is that once we start to study empirically the relation between
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growth and unemployment in a cross-section of countries, one should not be too surprised
to find a partial correlation between growth and unemployment that is neither clearly
positive nor negative. Differences in institutions   like the organization  of  work   need   to   be

controlled for in a proper and complete way in empirical studies.

A final general remark with which we conclude this section is that in all the
comparative static exercises that we discussed, unemployment and high-tech employment
move in opposite directions (a conclusion that we also arrived at in chapter 4). This is
important in the light of an often heard critique on the standard Harris-Todaro type of
dual labour market models. Lindbeck and Snower (1991) criticize the Harris-Todaro types

of models for this feature as it is inconsistent with empirical evidence. Our general
equilibrium framework turns out to overcome this unattractive feature. This result shows
the importance of a sound general equilibrium framework in which also demand and
supply considerations are taken into account when analyzing the effects of, for example,
policy changes (Lindbeck and Snower (1991) point at the importance of these general
equilibrium effects but do not model them explicitly)

5.5 The properties of the model under the regime of blocked entry

It is most insightful to discuss the basic characteristics of the model under blocked entry
by looking at the effects of a change in the number of high-tech firms. This exercise is
also interesting from a policy point of view. It allows us to judge the common wisdom as
expressed in the OECD Jobs Sm*  (cf. OECD (1994, p. 23 and 53)) where it is
proposed that 'Establishing a competitive environment could [...] improve job prospects
by both eliminating wage premia and encouraging output expansion'.   We will initially
restrict attention   to    the    case in which the effort-monitoring elasticity equals    zero.     A

decrease in the number of firms increases the market share of each individual high-tech
firm and increases its profitability. Each high-tech firm becomes larger    in size. Fixed
labour costs become a smaller   part   of the total wage bill."  As a consequence of these

19 See Appendix B for the formalities of this result, which says, in economic terms, that a concen-
trated industry is characterized by large firms with a relatively low fixed cost ratio. Mathematically deriving
this result requires imposition  of the condition  aR/BN> 0, which   is the economically relevant   case.   This
assumption implies, among others, that the number of firms under blocked entry is smaller than in the
benchmark scenario  of free entry  (as  RBE < RFE)
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changes, each high-tech firm can afford more R&D outlays and the rate of growth
increases accordingly (along    with the interest    rate). This result is largely    due    to    the

Schumpeterian flavour   of the model. More concentration increases the profitability    of
firms. This leads to more R&D and a higher growth rate. We can furthermore show (see
Appendix B) that equilibrium unemployment decreases and the traditional sector becomes
larger in size. The decrease in unemployment is crucially driven by the increase in the
interest rate which increases the cost of waiting for a high-paid job. The increase in the
effective supply of labour   (L- U) associated   with the reduction in unemployment reinforces
the positive consequences of an increase in concentration on economic growth. Under
blocked entry, the rate of growth and equilibrium unemployment are thus simultaneously
determined and are negatively related. Conceiving a decrease in the number of firms as
an increase in concentration, we can conclude that contrary to the common economic
wisdom more concentration (for example due to the establishment of institutionally
determined barriers to entry) increases economic growth and reduces equilibrium

unemployment.
These results need some modification once we allow for a positive effort-monitor-

ing   elasticity. The previously derived results   that the growth- and interest   rate,    and   the

production and research departments of firms become larger stand upright. In addition,
firms will now employ more monitoring labour and relative wages will decrease (this is
the trade-off between paying high wages and intensive monitoring). So reducing competi-
tion increases growth and decreases non-competitive wage differentials. The effect on
unemployment of decreased competition will thereby be reinforced since the lower
relative wages reduce the benefits of waiting for a high-paid job.20

In the remainder of this section, we will discuss the comparative static character-
istics of the model by considering the effects of changes in b and 72, where unambiguous

and monotonous results are obtained for the comparative statics with respect to the

20   Unemployment will unambiguously decline if we assume that the effect on the intersectoral terms
of trade will not be so large that it dominates the negative effect on the fixed cost ratio. In that case, the
ratio of traditional sector employment and high-tech employment will go up and unemployment will
unambiguously decline. This is further explained in Appendix B. Note that in the previous case where 72
was equal to zero, concentration did not affect the terms of trade and hence the ratio of traditional sector
employment and high-tech employment unambiguously increased due to the lower fixed cost ratio (and the
working of goods market equilibrium), resulting in lower unemployment.
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unemployment benefit b. They are reported in Table 5.2.21

Table   5.2  Comparative  static  results  under  blocked  entry

grS w 4 4 4 LTLy UR BB

b  - - -/0 +/0 - --/0--++-

Note: The signs in the cells indicate the signs of the derivatives of the respective

variables with respect to the parameters under consideration. Wherever signs differ
dependent on 72 larger or equal to zero, both effects are indicated where the first
effect  in a cell belongs to the case where 72 > 0.

We start the explanation of the results in Table 5.2 from the case in which 72=0· An
increase in the unemployment benefit reduces the cost of waiting for a high-paid job,
increasing unemployment and reducing both the high-tech and the traditional sector. As a

consequence, high-tech firms become smaller in size and growth is depressed which
further reinforces the increase in unemployment. Some modification of these results is

again required   once we allow   for a positive effort-monitoring elasticity.   When   the

unemployment benefit increases, firm size will unambiguously decline, which will be
accompanied by a reduction in the monitoring intensity and an increase in the relative

wage rate. This increase in the relative wage rate has two effects. It affects the intersecto-

rat terms of trade and thereby positively affects the size of the traditional sector relative

to the high-tech sector. And it also increases the attractiveness of waiting for a high-paid

job since the non-competitive rent increases and thus tends to increase unemployment. If
we assume (see Appendix B) that the intersectoral terms of trade effect is not that strong

that it dominates the fixed cost effect, both the high-tech and the traditional sector will
shrink in size following an increase in the unemployment benefit or the fixed cost
requirement (as in the case where 72=0)·

21 The results are obtained under the assumption   that   aR/aN> O   and   8(L/LT)/aR < 0. The latter
assumption need not be made once we take the special case in which 72 is zero and the terms of trade is
constant. We refer to Appendix B for an extensive explanation of these conditions and their implications.
Numerical experimentation (see Appendix C) have lead to the conclusion that these assumptions are satisfied
within a broad range of parameter values, sO the conclusions we derive are reasonably robust.
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These results are of considerable interest in judging the policies advocated in many

European countries in the 1970s. These policies can be characterized by increased
generosity of the social security system. Our model in the case of blocked entry strongly
suggests that policies, characterized by higher unemployment benefits lead to a reduction
in the effective supply of labour, which may reduce the rate of growth. This effect rein-
forces the increase of unemployment as the accompanied decrease in the interest rate
lowers the cost of waiting for high-wage jobs. Viewed against this light, the labour
market policies set out in the 1970s turn out to have had damaging consequences for
economic performance. Part of the success of the Dutch 'poldermodel' in the 1990s can
be explained using the opposite logic. Reduced generosity of the social security system
resulted in reduced unemployment and a relatively good performance in terms Of
economic growth.

We   finally  turn  to  the  case   of an increase   in the effort-monitoring elasticity. Since
it is hard to come up with analytical results in this case, we will describe the results of
numerical experimentation    with the model    (see also Appendix    C). The values    of   the

variables of interest (the relative wage rate, the growth rate, the unemployment rate, and
the   size   of both sectors) are depicted in Figures   5.3a-5.3c   as a function  of 72 (where   on
the horizontal axis we indicate the percentage with which 72 deviates from its baseline
value of 0.04).22 As in the free-entry case, increases in 72 will result in increases in the

monitoring intensity (S increases). However, under blocked entry, an increase in fixed
costs (F or S) tends to result in a lower rate of growth since less labour remains within
the firm for R&D activities. This lower growth rate along with the initial increase in the

relative wage rate will unambiguously put an upward pressure on unemployment, leaving
even less labour for R&D purposes and even further lowering the rate of growth. Only
once the relative wage starts to decline following an increase in the effort-monitoring

elasticity, a downward pressure on unemployment is exerted and unemployment will
ultimately decrease. In addition, the decrease in the intersectoral terms of trade tends to
make the high-tech sector larger in size. These two effects combined ultimately free up so
much labour in the firms operating in the high-tech sector for productive purposes and

R&D  that the growth rate starts to increase. We emphasize that these comparative static
results are mainly indicative for the complex relations between growth, relative wages,

22 The results depicted are based  on the following parametrization  of the model:  6 =0.02,  F=O.8,
8=0.02, 0=0.6, p=6, 8=3, L=100, 71=0.7, 72=0.04, a=0.925, c=3, a=0.25,6=0.05, and b=0.96.
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unemployment and the parameters of the model that emerge.
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5.6 Conclusion

In this chapter, we presented a model for studying the interaction between equilibrium

unemployment and long-term endogenous growth under different regimes of entry.    The
model can best be characterized as a dynamic general equilibrium model with a non-
Walrasian labour market structure. Investment in R&D is a major source of fixed cost
and  therefore of excess profits in imperfectly competitive product markets. The innovative
aspect of the chapter is that incumbent firms are assumed to be willing to share excess

profits with their workers due to the presence of an effort-extraction function. Firms trade
off high wages against intensive monitoring. This results  in  a dual economy  with  high-
paying jobs in the growth-generating high-tech sector and low-paying jobs in the tradi-
tional sector. Growth and unemployment are directly (partially) related for two reasons.

Increased growth will be accompanied by an increase in the interest rate and thereby

increase the cost of waiting for a job in the high-tech sector resulting in lower unemploy-

ment. Higher unemployment decreases the effective supply of labour and thereby tends to
depress the scale of operation of individual firms, reducing the attractiveness of investing
in R&D and lowering economic growth. This last effect turned out to be absent when free
entry prevailed since the reduction of the effective supply of labour was accompanied with
an equiproportionate decline in the number of firms, leaving market shares unaffected.23

Growth and unemployment  are thus inherently negatively related  in the model.
We went on to study the effects of labour market policies (captured by the

generosity of the social security system) and differences in the organization of work for
the  growth and unemployment performance of economies. The results turned  out  to  be
crucially dependent on the prevailing regime of entry. In the benchmark scenario, where

all excess profits are eliminated by the process of entry and/or exit, labour market
policies do have no effect on growth, whereas they have the expected effects on equilib-
rium unemployment. Changes in the way work is organized within firms turned out to
affect growth and unemployment via various channels. The extent to which firms rely on
paying high wages relative to intensive monitoring was shown to be an importam

determinant for both growth and unemployment. The more firms rely on paying high

23   As shown in chapter 9, this result depends on the modelling of the engine of growth in which in
this chapter average knowledge features instead of some measure of tomi knowledge. Generalizing the
knowledge base by allowing the number of firms to feature in the engine of growth would result in growth
being negatively dependent on the generosity of the social security system.
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wages, the larger the non-competitive rents will be that workers are searching for, and
hence the larger equilibrium unemployment will be. Intensive monitoring is a source of
fixed costs for firms. Due to the Schumpeterian character of the model in which large

market shares have a positive influence on the incentives of firms to engage in R&D, the
monitoring intensity is thus an important determinant of the rate of growth. We finally
concluded that countries relying heavily on monitoring can thereby afford the payment of
low relative wages in the process of effort extraction and are characterized by high
growth, low unemployment, and a low bureaucratic burden.

As  opposed  to the benchmark scenario  of free entry, we looked  at a world   in
which the equilibrium number of firms is exogenously given. In this world, labour market

policies affect both the equilibrium rate of unemployment and the rate of growth.
Increased concentration was shown to have a positive effect on both growth and employ-

ment, as opposed to the commonly held belief. This result is due to the Schumpeterian

character of our model. Differences in the organization of work affect growth and
unemployment via various mechanisms. As in the free entry regime, countries that rely

heavily on effort extraction via intensive monitoring are characterized by low relative
wages, low unemployment and large growth rates.

This chapter makes clear that controlling for labour market institutions in a broad

sense, including factors related to for example the organization of work, the social

security system, but also differences in the prevailing regime of entry, is of crucial

importance when empirically studying the relation between growth and unemployment.
The negative relation between growth and unemployment that we found in our theoretical
model may remain unnoticed in empirical research due to cross-country differences that
have not been taken into account. One should therefore not be too surprised that the

partial relation between growth and unemployment is neither clearly positive nor negative
(see also Bean and Pissarides (1993), Nickell and Layard (1997) and chapter 1 for an
overview of theoretical and empirical studies on growth and unemployment). Although an
empirical investigation on the relation between growth and unemployment is beyond the
scope of this thesis, we think that this is an interesting way to go and may yield new

insights.
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Appendix A. Derivation of equations (11)-(15)

On the producer side of the model we assume that high-tech firms compete
monopolistically. Each firm, producing a unique brand of the high-tech good, is assumed
to maximize its present discounted value:

-

max        f [xi, p„,-(L„, + Ld,+Ls« + Lf,) wn,] e -"dt, (A. 1)
L<L#wesi:  O

subject to (time indices have been omitted for reasons of clarity)

x, = hFL, (A.2)

[WAT 4
(A.3)ei   -   -a   +  c l-i   Oi    ,

[ WY]

hi= ge,hiL,i, (A.4)

x. = *<9'1-'.                                                                                (A.,)X)

Fl = I./1 ei,
(A.6)

Si  = Latei· (A.7)

The 'current value' Hamiltonian corresponding to this optimization problem is

Su + FA
Hu    =   X# pm    -    <Lsit  +  L,u

+
  wn    +   pAa  E  eD hu .Lri,,                                                  CA. 8)ea

where pw is the shadow price of the level of technology hi. This shadow price is a
measure of the marginal value of an additional unit of h for the firm.
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The first order conditions of this maximization problem are

aH =ax,  Be,      C e -1 ) ( S.+Fil ae, wn(s,+Fi)  ae
aw.  iawnp"132-31Lxi.LK.-te.-J. aw 2   + 8  Phith,L'171 ei  n

(A.9)ae,       g -1 f Si+Fl J       aet    wn   Fi +S,          ae

= 4,4.awJ'•72-t'..4'.3,J.iwMT,1-e,}.=>i'44..0,

aH Ce-1 jae,   wn   aet (Si+F,)wr   ae,
-  - h.LX,PJ-,---+- + -phiE/:Lri  = 0, (A. 10)
ast             '           "C    s      )  as,          el          as,             ef                  as,

aH     ext        ap. ext
_W n  =  e,hipsi-£-1-Wn  = 0, (A.11)

ac = e«. fax, aL„                    e

8H
-   -   -wn  + Phi<e,hi  - 0, (A. 12)
8Lri

aH               ext         apx, ax,
rpht =  Phi +  -8, =  Pht + -6Kpi +   ax, ahxt + phife,Li (A. 13)

We now invoke the symmetry assumption. From equation  (A. 11) it directly follows  that
firms engage in mark-up pricing (equation  (13)   in  the text). Equation  (A. 12) yields   the
optimal R&D input (equation  (14)  in  the text). Equation  (A. 13)  is the dynamic equation
governing the allocation of high-tech labour over time. Using equations  (A. 11)  and  (A. 12)
and rewriting yields equation  (15)  in  the text. Finally, substituting equations  (A. 11)  and
(A. 12) into equations  (A.9)  and  (A. 10)  we  get  the  set of 'Solow-conditions' (equations
(11) and (12) in the text).

Appendix B. Solution of the complete model

The reduced system of equations from which we can solve the complete model consists of
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the  equations24 :

g =r R-1-72_ -EF,                                  (B.1)
Y1

r-0

g    a(p-1)'
(B.2)

LT = NRL (B.3)X'

L =r (B.4)
X    Ee'

4 = 1-2.NL -Le, (B.5)a  xs-1

U  =     6 + o:q  LT - --L L, (B.6)
q(1- ot) 1-a

(1 - b)(r + 6)
(B.7)q=

(0(1 - a) - (1 - ab) '

L  = LY+LT+U, (B.8)

e = _271. , (B.9)

1-Yi

1               _1la l=   a  n0 =
(B. 10)

 (1-Y 1)cS·,1 1 (72RrY,2J (1-Yl)cl -
t LY, J -

24 Equation (B.5) is derived using goods-market equilibrium according to which spending on the
available goods is divided according  to  (1-a)/a=YP,/(Nxp,)=Lywr,(8-1)/(NL,€wr)·
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The system is completed by the equation characterizing the prevailing regime of entry
which is

R=-5- (B.lta)
8-1

under free entry and

N=N (B.1 lb)

under blocked entry.

Combining the planned and warranted  rate of growth (equations  (B. 1)  and  (B.2))  we  can
derive the equilibrium rate of growth and the interest rate as

E,- i,-1-33 EFO(P- 1) - 0g= and r = (B. 12)

IR
-1-YifiO(p-1)-1  R- 1--1-10(P-1)-1

Y.R)

Yi)                     Yi)

The number of production workers now follows from equation (B.4)

Fo(p-1) _ 0
e      Ze

L  =                                                              (B.13)X i y R)

 R-1 -4IJ
O(P-1)-1

Using equations (B.3), (B.5), (B.6), and (B.7), high-tech employment, traditional employ-
ment and unemployment can now be written as a function of the parameters of the model,
the number of firms, N, the relative wage, w, and R. Substituting the expressions for 4,
Ly, and U into equation (B.8), we can solve for the equilibrium number of firms as a
function of R and the relative wage (which can also be written as a function of R)

N= eu(l -M

R   1-0 2
- .-Ii--4'

(B.14)

11'.0(,-1)- 1 1 1-."RT ,-1
BR[w(1 -a)-(1 -ab)]

- R-1--rrp-1) -1  (1-a)(1-b) <Fo(p-1)-0 •8 R-1-125 0(p-1)-8 -
Y 1
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Comparative Starks under Free Entry

Under free entry, the equilibrium growth- and interest   rate, the relative   wage   and   the
equilibrium number of firms follow from using the fact that R=8/(E-1) This gives rise to
the equations given in the beginning of section 5.4. The comparative static characteristics
as  described  in  the  text  and in Table  5.1 with respect  to  r,  g,  S,  L,(=r/te),  L,(=g/Ee)  and
4 = S/e are straightforwardly derived by taking first order derivatives. The comparative
static results with respect to the bureaucratic burden can be derived by solving for the
bureaucratic burden as

F Yi -72   1IR- - 10(p-1) -1
L, + Lf _  72          YlBB=-- -+ (B. 15)

RLx Yi 81  '
R 0(p - 1)- ipj

and taking derivatives with respect to the parameters under consideration. To consider the
effects of a change in 72 on the relative wage as discussed in section 5.4, we derive from
(B. 10)  that

de  =  -w lnS + a(p -1) -(e -1)

dY2 Yi fyi-£72) (B. 16)

O(p - 1)1 1-(8-1)
   Yl  )

At low levels  of  72, this derivative is positive (ln(S) tends  to  -00   as 72 approaches  zero
from  above).   So at small values  of 72,   u  is  increasing  in  72· The second order derivative
is negative so eventually w becomes a declining function of 72· The comparative static
characteristics  of  w  are then easily derived as reported in Table  5.1.

We finally have to determine the comparative static results with respect to the
allocation of labour and the number of high-tech firms. To derive the results we write
labour market equilibrium using (B.3), (B.5), (B.6), (B.7), and R=E/(8-1) as

L  NRL* 1-0 e 6[0)(1 -a)-(1 -ab)] (B. 17)- = - + --o,NL- + NRLw
1-a 1-a O 8-1 (1-a)(1-b)(r+6)

To  study the comparative statics, we distinguish between  72=0,  and  72> 0.   When  72=0,
an increase in F increases the interest rate. Using equation (Et. 17), we then derive that
4 increases, so LT and Ly increase, and thus unemployment increases. The decline in N
follows from straightforward differentiation of equation (B. 14). Using a similar pro-
cedure, the comparative statics w.r.t. b are derived. When 72 is positive, comparative
static effects of an increase in F are less clearcut. Since the interest rate increases and the
relative wage declines,   we   know from equation  (B. 17)  that M,, increases so high-tech
employment increases. The effects on unemployment and traditional employment are
ambiguous.    In the economically most reasonable case where intersectoral terms of trade
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effects do not dominate, Ly increases and unemployment declines. We can, however, not
preclude a priori that traditional sector employment declines and unemployment increases.
The effects of b do not depend on the sign of 72 since changes in b leave the relative
wage rate unaffected.

The effects of changes in 72 on the allocation of labour are non-monotonous. We
know that r is increasing in 72· We have also seen that w reaches a maximum value at
some 72· We define this value as 72  Starting from this point, we will now derive the
relative position of the peaks and/or troughs of the sectoral labour shares in several steps.
The derivatives of variables of interest w.r. t. 72 at different values of 72 are summarized
in Table B. 1  that is constructed  on the basis  of the following reasoning:
(i) Using equation (B.17), we know that at 72', 4(=RM,) is increasing since co is

constant and r is increasing. So by using goods-market equilibrium (equation
(B.5)), we can conclude that also Ly is increasing in 72 at ·y/. Unemployment is
thus decreasing in 72 at 72 ·

(ii)         When 72 < 72 .  both w and  r are increasing  in 72·  At low values  of 72, the increase
in the relative wage rate is strong relative to the increase in r, so NLx is decreas-
ing. At some value for 72 which we define as 72LT, Ll<=ARLI) reaches a mini-
mum. At this point, Ly is increasing in 72 since w is increasing. Unemployment is
thus decreasing in 72 at 72LT.

(iii) The strong increase in w at low levels of 72 exerts an upward pressure on unem-

ployment, where unemployment reaches a maximum at a point we define as 72u.
At this value, traditional sector employment is increasing in 72 since high-tech
employment is decreasing.

(iv)     Ly reaches a minimum at 72LY which must be to the left of 72 T

The   effects   on N follow by using that N=L,/RL,=LAe/Rr.   At low values   of  72,4  is
decreasing in 72, while r is increasing in 72, so N is unambiguously decreasing, until LT
starts to increase. From this point onwards, we cannot unambiguously conclude that N is
decreasing in 72·

Table B.1  Derivative of variables of interest w.r.t.  72 at different values  of 72

72LY < 72U < 72LT < 72 
W             + + +++++ 0-

r+++++++++

4         -         -         -                    -         0         +        +        +
U+++0-

Ly
- 0+++++++

N--   ---?99
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Comparative Statics under Blocked Entry

Under blocked entry,  we can solve  for the 'fixed cost ratio'  R by using equation  (B. 14),
after substitution of equation  (B. 10)  and the solution  for the interest  rate.  For the special
case    where    72 =0, analytical results are easily obtained,    if   we    make the reasonable
assumption that OR/BN is positive.25 This implies that as the number of firms increases,
they shrink in size and fixed labour will form a larger and larger part of the firm's total
employment. Economically, this is the most relevant case.

The comparative static results with respect  to N reported  on in section  5.5  can  then
be derived as follows. The decrease in R increases the growth rate, the interest rate, the
number of production workers and the number of researchers. No clearcut conclusions
can be derived with respect to the total number of high-tech workers. Nevertheless, we
can conclude that unemployment decreases and traditional sector employment
increases.26 The comparative static results with respect to a change in the generosity of
the social security system (b) follow straightforwardly from using the fact that aN/ab is
negative and using the implicit function theorem.

If we drop the assumption that 72=0, analytical results become harder to obtain.
The reason is that both the relative wage and the monitoring intensity will be (more)
responsive to a change in one of the parameters. This has effects On the rate of growth,
the interest rate, the sectoral terms of trade and thereby on equilibrium unemployment.
According to the same logic as in the case in which 72=0, we make the (economically
reasonable) assumption that aR/ON is positive. The comparative static results with respect
to N reported on in section 5.5 can then be derived as follows. The decrease in R
increases the growth rate, the interest rate, the number of production workers, the number
of researchers, and the number of monitors. The relative wage rate goes down (use that
26Rr)/OR < 0  so  Bco/aR > 0).  If we  make the assumption  that the effect  of the decrease  in
the   fixed cost ratio dominates the decrease   in the relative   wage, L,/Lr increases (divide
equations (B.3) and (B.5)). There are then three remaining possibilities with respect to the

25 By straightforward calculation, it can be shown that

8  >  (Fc(P- 1)-6
0(p -1) +  1

is   a sufficient condition  for  aR/aN> 0. The economic intuition behind this condition   is   that the negative
effect of an increase in R on r may not be too large. Otherwise, unemployment would be strongly positively
affected, strongly decreasing the effective supply of labour and forcing some firms to shut down. In
addition, extensive numerical simulations with reasonable parameter values confirm the robusmess of
BRAN>O.

26   If tile total number of high-tech workers decreases, unemployment decreases with certainty (the
cost of waiting increase and the potential of entering the high-wage sector decreases). Consequently,
traditional sector employment has to increase. If, on the other hand, the number of high-tech workers

increases. 4 has to increase (see equation (B.3)) and. using goods-market equilibrium (equation (B.5)),
traditional sector employment has to go up. This must imply that unemployment decreases.
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sectoral allocation of labour: (i) employment in both sectors increases and unemployment
decreases, (ii) high-tech employment remains constant, unemployment decreases and
traditional sector employment increases, or (iii) high-tech employment decreases, unem-
ployment decreases and traditional sector employment increases. We are certain,
however, that traditional sector employment increases and unemployment decreases. The
comparative static results with respect to a change in the generosity of the social security
system (b) as reported on in section 5.5, follow straightforwardly from using the fact that
aN/ab is negative and using the implicit function theorem. This implies that the rate of
growth and the interest rate decline, the amount of production-, research-, and monitoring
labour declines, the high-tech sector becomes smaller, and the relative wage increases.
Again assuming that the effect of the fixed cost ratio dominates the effect of the wage
differential, LJLT decreases (divide equations (B.3) and (B.5)). It then straightforwardly
follows that employment in both sectors decreases and unemployment increases.

Appendix C. Some numerical simulations

Free entry

In this appendix, we will perform some numerical experiments to get a feeling for the
comparative static characteristics of the model and the sensitivity of the model with
respect to parameter changes. We start from a set of base-line parameters that is given in
Table C.1. These parameters result in g=3.176%, w= 1.08, U=10.99, LT=51.69,
Ly=37.31, 4=2.67, L,=0.73, L,=0.22, N=12.90 and q=0.127. Based on the con-
straints   that we imposed   in  the  main  text  (0 <q<1,   U> 0,   g>0, and stability   of  the
model), we derived extreme bounds of the parameter values. These are given in Table
C.1.

Table C. 1 Base values parameters and extreme bounds

Base min max Base min max

6 0.02 0.0104 0.0323   7, 0.7 0.6925 0.9999

F (2) 0.8 0.4143 1.0536 72 (7) 0.04       0       0.0501

0 0.02 0.0048 0.0386 a 0.925 0.9018 00

a 0.6 0.5553 1c 3 0.0001 3.0773

p            6 5.5606 CO a 0.25 0.0001 0.3790

8            3 2.1001 3.1320 6 0.05 0.0186       1

L 100 0.0001 00      b (14) 0.96 0.9268 0.9999

Note: In brackets are the numbers of the parameters as they are indexed in Figures
C. 1-C.3.
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Comparative static characteristics are presented by graphical means in Figures  C.1-C.3.
These pictures show the impact of the respective parameters on the endogenous variables
under consideration. Starting from the base-line, the figure reveals what values the
endogenous variables take when one parameter of interest deviates from its base-line
value. In the figures we put the value of the endogenous variable under consideration on
the vertical axis. On the horizontal axis we depict the value of the parameter under
consideration as a proportion of its base-line value (assuming all other variables remain
unchanged).

w·     F      U-        h   1.
F

0.05
80-

1.16· 1 12
60·           F                                                 h

0.03                                   h1.12-
40·

o.o, »  -1 - //----h " " /.=------:1» 1
1.0  "  O.2   0.4   0.6 0.8 1 12 0       0.2    0 4 0 6 08 1 12 0      0.2    0 4    0 6 0.8 1 1.2

Y'. 'Y, . . b Y,F, F/

Base Base Base

Figure C. 1 Relative wage Figure C.2 Unemployment Figure  C. 3  Growth  rate

Blocked entry

In Table C.2 we provide the comparative static characteristics, again based on numerical
experimentation, for the regime of blocked entry.27 The base-line parameters are as
given in Table  C. 1,  and the number of firms is taken  to be equal  to 11. Experimentation
with other base-line parameters has confirmed that the qualitative results reported here are
reasonably robust with respect to parameter changes. For each set of parameter values,
the values of g, U and w are given, respectively (from top to bottom). So when all
parameters are at their base-line value except for F which is at 80% of its base-line value,
g=4.285%, U=4.347, and w =1.069. Based on these results and additional sensitivity
analysis, the conclusions of the derivatives of the growth-rate and the unemployment rate
with respect to the respective parameters (indexed in general as x) are derived and
presented  in the  last two columns.

The comparative statics results presented in Table C.2 are the outcome of various
partly offsetting and interacting effects. In general, factors that tend to increase firm size

27 More detailed information on the effects of parameter changes on the other endogenous variables of
the model is available upon request.
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either by reducing unemployment (b or w decreases), increasing the relative size of the
high-tech sector (w decreases, a increases), or which leave more labour within the firm
for productive purposes OF decreases), put an upward pressure on the growth rate. The
growth rate, the size of the high-tech sector and the relative wage rate in turn simulta-
neously (and positively) affect unemployment. Combining these effects explain the
resulting outcomes. For an extensive discussion of the results with respect to b and 72 we
refer  to  the  main  text. The comparative static results   w. r. t.   F  are broadly similar to those
w.r.t. b, except for w. This is explained since an increase in the unemployment benefit
unambiguously results in a declining firm size which results in firms employing less
monitoring labour and increasing the non-competitive wage premium. In our example, the
increase in the fixed cost requirement increases firm size and thereby increases the
monitoring intensity and reduces the non-competitive wage differential.

Table C.2 Comparative statics in blocked entry regime

-60 -20 -1 -0.5 Base +0.5         +1 +20 dgldx dUldx dwidx

4.285 4.230 4.229 4.227 4.226 4.225 4.170     -

F n.a. 4.347 4.576 4.583 4.589 4.595 4.601 4.832             +

1.069 1.069 1.069 1.069 1.069 1.069 1.068

4.278 4.173 4.223 4.225 4.227 4.230 4.232 4.349     v

72 5.381 6.054 4.688 4.639 4.589 4.537 4.485 1.975              n

1.074 1.075 1.069 1.069 1.069 1.068 1.068 1.058                                       n

4.468 4.363 4.227 4.048 3.797              -

b U<0 0.128 2.083 4.589 7.920 12.567 b>1         +

1.066 1.067 1.069 1.071 1.074                                +

Note: A 'v' in the last columns indicates that the derivative has an U-shaped
pattern while a 'n' indicates that it has an inverted U-shaped pattern. The plus-
and the minus signs indicate that the derivatives are positive and negative,
respectively.
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Unemployment, Growth and Trade Unions '

This chapter develops a two-sector endogenous growth model with a dual labour
market. The number of firms and the R&D-intensity are exogenously given. In
contrast with the previous chapters 3-5, there is assumed to be no capital market,
the consequences of which will be analyzed. We do allow, contrary to chapter 2,
for intertemporal considerations in the decision of workers where to allocate on
the labour market. Trade unions strive for the extraction of rents from the growth
generating imperfectly competitive primary sector. This union behaviour results in
a non-competitive wage differential between the primary and secondary (perfectly
competitive) sector. We analyze how the relationship between growth and unem-
ployment depends   on the institutional details   of the labour market. In general,

growth and unemployment are intimately related for two reasons. Unemployment
affects the scale of operation of the economy and thereby the rate of growth, while
growth affects intertemporal decisions of workers where to allocate on the labour
market once they are laid off, and thereby it affects equilibrium unemployment.

6.1  Introduction

The model we develop in this chapter shares with previous chapters in this thesis that
endogenous growth results from the accumulation of firm specific knowledge, and that we
study the relationship between growth and unemployment within the context of a dual
labour market characterized by non-competitive wage differentials (see chapter 1). In
contrast with previous chapters, these wage differentials arise due to the operation of
trade unions. Unemployment arises due to distortions in the supply of labour. Besides the
presence of trade unions, an important role is played in the model by other institutional
factors that characterize labour market performance. More specifically   we will study   the

' This chapter is a completely revised and extended version of De Groot (1996).
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effects of linking unemployment benefits to previous earnings in a model with a dual
labour market. For this aim, we develop a model that crucially differs from the models in
previous chapters in that we do no longer assume that unemployed have a larger probabil-

ity of being matched with high-tech jobs than traditional sector workers.

We repeat that the choice of a two sector model with a dual labour market is

motivated by the existence of large non-competitive inter-industry wage differentials, as
observed in many empirical studies (see chapter 1). One explanation for these wage

differentials is the presence of trade unions that strive for the extraction of rents from
firms making profits. This chapter studies how such a behaviour of trade unions affects

growth and equilibrium unemployment, and explains for what (theoretical) reasons growth
and unemployment are intimately linked to each other. In particular, we will emphasize
the importance of scale effects and intertemporal trade-offs made by workers in yielding a

two-sided causal relationship between growth and unemployment. This extends the set of
reasons for why growth and unemployment are related that are provided by Daveri and

Tabellini (1997) and Nickell and Layard (1997). In their model, unemployment lowers the

marginal product of capital. This results in lowering savings and consequently reduces

growth, which is basically a standard scale effect known from many models of endoge-

nous growth.
In the two-sector model we develop, labour is homogeneous. The secondary,

traditional sector operates under perfect competition and produces a homogeneous good.

The primary, high-tech sector produces various brands of a high-tech product. Firms in
this sector operate under monopolistic competition, and consequently earn a non-competi-

tive rent. Trade unions struggle on behalf of the workers with the firm on the division of
this rent among the firm and the workers. This negotiation yields the unions part of the
non-competitive rent, which they distribute among the high-tech workers. High-tech

workers thus receive a non-competitive rent, which makes working in the high-tech sector

more attractive than working in the competitive secondary sector. Under some assump-

tions that we will explore in this chapter, this is shown to generate 'wait unemployment'

in  equilibrium, i.e., workers queuing for high-tech high-paid jobs. The model combines

existing theoretical insights. The labour-market block is inspired by a paper of McDonald
and Solow (1985). They show that in a dual labour market, where only the primary sector

of the labour market is unionized  and the secondary sector behaves competitively,   a  non-
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competitive wage differential and equilibrium unemployment arises.2 The engine    of

growth is already known from previous chapters (see chapter  1  for a general discussion).
This chapter proceeds as follows. Section 6.2 briefly presents the consumer and

producer behaviour  in our model. These basics  of the model are already known  from  and
have extensively been discussed in previous chapters. In section 6.3 we discuss the
labour-market block of our model, with an emphasis on union-behaviour. Section 6.4
presents the general equilibrium of the model. We will derive results on the relationship
between growth and unemployment and study the effects of several labour market
institutions on growth and unemployment. In section 6.5, we extend the model in order to
stress other aspects of labour market institutions that might affect growth, unemployment
and their interrelatedness. The focus will be on the effects of linking unemployment
benefits to previous earnings. Besides being interesting from a policy point of view, this
extension allows us to study to what extent the relationship between growth and unem-
ployment is sensitive to the particular way of modelling the labour market. This is of
importance in the light of the discussions in previous chapters on the assumption that
traditional sector workers have a lower probability of being matched with high-tech jobs
than unemployed. Section 6.6 contains an evaluation and some conclusions.

6.2 Consumer and producer behaviour

We model a two-sector economy with endogenous growth and a non-Walrasian labour
market. In this section we will briefly discuss producer and consumer behaviour. This
section mainly serves as a background. The modelling is straightforward and known from
earlier chapters.

Our economy consists out of two sectors, one high-tech and one traditional sector.
In the traditional sector, a homogeneous good is produced under perfect competition. In
the high-tech sector, N firms are operating, indexed    i= 1,...,N. This number   of
firms/brands is exogenously given. We thus abstain here from the issue of entry and exit
behavior  that we extensively discussed in chapter   5, and proceed   with the assumption  of

2    The main focus of McDonald and Solow (1985) is on the development of wages and employment
over the business cycle. Our focus is on the relation between growth and unemployment in the long run,
abstracting from issues related to the business cycle.
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blocked entry. Each of the high-tech firms produces a unique brand of the high-tech
good. Monopolistic competition prevails in this sector. We assume that a high-tech firm

only holds a negligibly small market share (N is supposed to be sufficiently large), so that
competition is monopolistically a la Chamberlin. There is only one homogeneous factor of

production, Wz. labour. Consumers maximize intertemporal utility, where utility is
derived from consumption of the goods produced in the economy. As in chapter 2, but
contrary to chapters  3-5, we assume the absence  of a capital market  so that there  are  no

possibilities for saving or borrowing for neither consumers nor firms, the consequences of

which will be explored.
Consumer behaviour is summarized in Table 6.1. Where it leads  to no confusion,

time indices have been omitted. Consumers maximize their intertemporal utility (C. 1).
Utility is derived from consumption of traditional and high-tech goods (C.2). Finally,
consumers   have   a   love for variety, indicated   by   (C. 3). In optimizing their behaviour,
consumers decide where to allocate on the labour market in the first step in order to
maximize the present discounted value of all future consumption streams. We will return

to   this   step of optimization in section 6.3 where we discuss the labour market   of  the

model. From the second step of the optimization procedure a spending rule results,
showing that a fraction (1-a) of consumption expenditures is spent on traditional goods

(equation (1)), while a fraction a is spent on high-tech goods. In the third step, consumers

decide how much to buy of each variety of the high-tech goods resulting in the demand

function  for a high-tech  good of variety i (equation (3)). Finally,   we  get a macroeconomic

price index (equation (2)), and a price index of high-tech goods (equation (4)).
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Table 6.1. Consumer behaviour

mn uo = f c,-e'dt   s.t.   Iv = C,Pa (C.1)

0

max  C   =  X°Yi -0       s.t       XPx +  YPY  - CPC (C.2)
XY

1,/Ce -1)                             N

ma%     -   i.i
('-ly:

s.t     E xed  = Xpx (C.3)

B                                                                        i-1

Discussion of the first step of optimization is postponed till section 6.3. The solutions to problem
(C.2) and (C.3) are

-YPY =CPC=XPE, where                                                                  (1)
1-0          a

C p   ,10 C   p.   '11-0

pc = <--1 j li      ,                                                                                           (2
)

o) (1-c)

x,   -  X f&1-', where                                                                                                                                 (3)

(px)

f i                            (4)Px =ILPil
li.1      j

Producer behaviour is summarized in Table 6.2. Producers in the traditional sector

operate under perfect competition and produce a homogeneous good with unitary labour
productivity (equations  (5)  and (6)). Firms  in the high-tech sector maximize profits  (P. 1),

subject to the production function of high-tech goods (equation (7)), the allocation rule for
research labour (equation   (8)),   and the demand function   for the brand   of the variety   it
produces (equation (3)). As in chapter 2, we assume that R&D input is determined on the

basis of some rule of thumb according to which firms employ a fixed fraction B of their
direct production input  for R&D purposes (see chapter    1   for a discussion). Optimization
yields mark-up pricing (equation  (10)). The mark-up  over  unit wage costs  ([1 +Blwl/h)
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increases as the elasticity of substitution between any pair of high-tech goods decreases.3

Table 6.2. Producer behaviour

Traditional sector

Y = L                                                                    (5)Y,

PY  =  WY.                                                                                                                                           (6)

High-tech sector

max  Tri   =  x,px,  - (L,i + L,i) wn, (P. 1)
Li

subject to

Xi  =  hA,                                                                                                                         (7)

L.4  -  BLd,                                                                                                                        (8)

(pil-/
"   =  x C.KJ

Labour productivity develops according to

4 = ChA.                                                                                                 (9)
This yields (assuming symmetry)

8   WT(1 +B)
PI = (10)

8-1   h

6.3 The labour market of the model

In this section, we will present and discuss the modelling of the labour-market block of
the model. Section 6.3.1 discusses union behaviour and derives under what conditions
union behaviour will result in a non-competitive wage-differential. The determination of

equilibrium unemployment  in  a dual labour market is discussed in section  6.3.2.

3         There   is a minor difference   with the analysis in chapter   2. In chapter   2, we assumed firms   to
maximize their operating profits (xp,-wTL,). This resulted in firms not taking into account R&D outlays in
their pricing behaviour. In this chapter, firms do take into account that employing an additional production
worker implies that B research workers have to be employed, which is reflected in mark-up pricing.
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6.3.1   Union  behaviour  and  non-competitive  wage  differentials

We assume that a trade union is operating in each monopolistically competitive high-tech
firm. The union and the firm play a game on the division of rents generated by the
production of the differentiated high-tech good. The objective of the union is to extract as
much of the rents generated  in the high-tech firm as possible.4

In pursuing rent maximization, the union has to outweigh the positive effect of
wage increases with the negative labour demand effect, induced by the lower product
demand following a price (wage) increase. The firm on the other hand wants as low a
wage as possible (in order    to    keep    as    much    of the rents as possible). The ultimate
outcome of this 'struggle for rents' is determined on the basis of negotiations between the
union and the firm. The bargain between the firm and the union is modelled as

max 91, = (wn -0)[Ls,(1+B)]111:,(wn)]Y, where 1ri = Pxixi -wnL,1(1+B).
Wn

This is the so-called Nash bargain, or 'right to manage' approach to bargaining between
trade unions and firms. The parameter 7( k 0) reflects the relative bargaining power of the
firm, 0 reflects the alternative or outside wage for high-tech workers (the firm's profits
in case no agreement is reached are assumed to be zero), and A measures the extent to
which employment effects of the wage bargain are taken into account by the unions.

Highly individualistic bargain can be associated with a low A, and collective bargaining
with a high A. In the special case where X=l, unions are after maximization of the wage

bill  (over the alternative). An important point to mention  is  that the union  and  the  firm  do

not  bargain over employment levels  (as is assumed in efficient bargaining models  (e.g.,
McDonald and Solow (1985)). The reasons for not using an efficient bargaining approach
are twofold. First,  we find the efficient bargaining approach unrealistic from an empirical
point of view, as it does not correspond to the observation that employment is usually set

4    By making this choice, we abstain from several interesting issues related to the operation of trade
unions. For example, this choice of the objective function neglects the apparent fact that unions care about,
e.g., the macroeconomic unemployment   rate, the income distribUtion, lay-off criteria, unemployment
insurance, working conditions, and their membership (we refer  to e.g., Oswald  (1985) and Layard, Nickell,
and Jackman (1991) for extensive discussions on the potential objectives of trade unions). For our aim, the
simple way of modelling a union's preferences is, however, sufficient. It captures the idea that we have in
mind, namely that trade unions are mainly after the extraction of economic rents, aimed at furthering the
interest of workers within the  firm and resulting  in a non-competitive wage differential.
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unilaterally (e.g., Oswald  (1987), and Clark and Oswald  (1989)).  Secondly, an efficient
bargaining model is incentive incompatible as a firm always has an incentive to renege on
the bargained outcome once the bargain has been settled by choosing labour demand on
the demand curve (Oswald (1985)).

The maximand in the Nash bargain depends crucially on three factors. The first is
the relative bargaining power   of the parties engaged    in the bargain    (7). This relative
power depends on the eagerness with which the firm wants to reach an agreement

(relative to the union's eagerness). The second factor is the union's objective in the
bargain which equals   (wn-0)[(1 +B)Lgi]: The union thus wants to maximize   some
'weighted average' of employment and the wage rate. The more individualistic the
bargain   is   (low   A), the larger the weight   of  the   wage   rate   is.   With   A=l, the union's
objective boils down to the total wage bill. The third term represents the profits of the
firm.

Taking the derivative of the Nash-maximand w.r.t. the wage rate yields the first
order condition for a maximum

ant , A-1 BE, 7-1 8ht
-32=El-lt: + (wn -0) AE, .aw ,r,Y+(wn -0)E,A y 'Ci aw = U'

71                                                            71                                                       71

where E, represents total employment  per  firm  ([1 +B]4,) Using the envelope theorem

(84/awn = -[1 +B]L„), and

BE,                       84,          -(1 + B).Lgi
'   -(1 + B)-  -BW ew                W71                                71                        71

which can be derived using the demand function for a good of variety i, leaves us, upon
combination with the First Order Condition, with

WiT-0   1
Wn            le  + y(e- 1)

Using this mark-up of the wage rate over the alternative wage, we can now characterize
the non-competitive wage differential. In the remainder of this chapter we will assume the
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alternative wage to be equal to the wage in the traditional sector.5 We can then, assuming

symmetry so that we can skip the firm indices, derive the relative wage (w) as

WT             £(A + Y)  - Y(DE-- >1 (11)

wy         t:(A+Y)  - (1 + y)

We thus see that a non-competitive wage differential arises due to the operation of trade

unions. This wage differential is smaller, the higher the relative bargaining power of the
firm. This is intuitively clear as the firm has no interest in paying high wages.6 If trade

unions have no power at all (y-*00), the wage ratio equals 1 (so no non-competitive rent
is   earned by workers   in the high-tech sector). If trade unions   have all bargaining power

(7 =0),   the wage ratio equals EX/(EA-1).    In the special case where unions strive    for

maximization  of  the  wage  bill  (A= 1),  the  wage  rate is exactly equal  to the mark-up firms
put over unit wage costs. An increase in the elasticity of demand of the high-tech product

will decrease the wage differential. The reason for this is that as competition between

high-tech firms becomes tougher, the union is hurt more in terms of a loss in employment

when it increases its wages. This leads to more modest wage claims by the union. When
there is perfect substitution between high-tech goods (£-00), the non-competitive wage

differential disappears. This illustrates the argument that product market competition   is   a

way to eliminate the adverse effects of unions (e.g., Nickell and Layard (1997)). Finally,
the  degree of coordination plays  a  role in determining  the wage differential. The larger

the degree of coordination (A large), the smaller the non-competitive wage differential.
With completely collective bargaining (A-00), there will be no non-competitive wage
differential  left  (w = 1).7

5   It is important here to recognize that unemployment in this model has the character of wait-
unemployment. This means that some people are deliberately queuing up in the pool of unemployed in order
to get a high-paid job with a relatively high probability. As will become clear in section 6.4, in principle
every laid-off high-tech worker could get the wage in the traditional sector, and hence this is the relevant
outside option   for the trade union.    The only reason   not   to   opt    for   this   wage    is   that    it   may    be    in   the

(economic) interest of some people to become unemployed.

6 This might change when efficiency wage considerations are allowed to play a role in the model (see
chapters 2-5 of this thesis).

7        In  general,   we can divide the parameter space   in two regions.   For   A > 1-(6-1)7/6,   the   wage-
differential (w) is smaller than the mark-up (8/[8-11). When either 7 or A goes to infinity, the wage-
differential converges  to  one.  For  A < 1-(6-l)·y/6, the wage-differential  (w) is larger  than the mark-up,  and
for A= 1-(6-1)7/£ they are equal.
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6.3.2  Equilibrium  unemployment  in  a  dual  labour  market

An essential characteristic of our model described so far is its dual labour market. The
trade union operating in the high-tech sector leads to primary-sector workers receiving a
non-competitive rent (co > 1). Now there are various reasons why, resulting from this non-
competitive element in the labour market, equilibrium unemployment can result. We will
discuss two of them.

The first is, building on the classical literature on dual labour markets, that it may
be advantageous for people who are not employed in the primary, high-wage sector, to
become unemployed instead of accepting  a job  in the traditional, secondary sector  (e.g.,
Layard et al. (1991, chapter 1)). This may hold even though benefit payments, bwy, are
lower than wages in the traditional, secondary sector as unemployed can have a larger
probability of (re-)entering the high-tech sector.8 It may be the case that they have more
time to search for jobs, or it may be that firms in the primary sector prefer unemployed
people over workers from the traditional sector, for example because secondary sector
workers get 'negative general training' (cf Doeringer and Piore (1971)). Also, being in a

secondary sector  job  may  be  a bad signal (e.g., McCormick (1990)). Persons having
accepted a secondary sector job may be considered as having a high turnover risk.
Anyhow, the assumption that unemployed people are more easily matched with high-tech
jobs than workers in the traditional sector is often used as a simple and useful working
hypothesis  in the literature on unemployment  in dual labour markets (e.g., Bulow  and
Summers (1986), Burda (1988), Calvo (1978), Harris and Todaro (1970), McCormick
(1990), Taubman and Wachter (1986)).

Secondly, benefits may be so high that they (at least for some time) exceed wages
in the secondary sector.' This may be caused by an institutional design according to
which benefit payments are linked to previous earnings. Even though   it  may   be  the  case

8     We assume for simplicity that benefits are paid out of non-distortionary lump-sum taxes. The height
of these benefits is exogenously given.

9   In addition. not considered here, there may be non-pecuniary benefits from being unemployed
(e.g., the consumption of leisure) yielding total utility from being unemployed that is larger than utility from
working in the secondary sector. More specifically, we can assume that bwy represents the unemployment
benefit plus the value of leisure.  In this case it may hold that benefits that are paid to unemployed are lower
than wages in the traditional sector, while bwy is larger than wages in the traditional sector. We then can
generate equilibrium unemployment, even if unemployed people are relatively poorly matched with high-
tech jobs (compared to workers in the traditional sector).



Unemployment, Growth and Trade Unions 171

that unemployed people are relatively badly matched with high-tech jobs, it will be
attractive for some people to become unemployed and receive the high unemployment
benefit. This result is important in the light of the discussions in previous chapters since it
reveals that the assumption of traditional sector workers being relatively poorly matched
with high-tech jobs is not essential for our conclusion that a relationship between growth
and unemployment exists in the context of a model with a dual labour market. We will
return  to this issue in section  6.5.

In the remainder of this section, we will discuss how equilibrium unemployment results,

making the assumption that unemployed workers are relatively efficiently matched with
high-paid jobs (compared to workers employed   in the traditional sector). We start   from

the following assumptions. At each instant of time there are lay-offs in the high-tech
sector. At an exogenous rate 6 jobs in the high-tech sector fall free. For simplicity, and
without loss of generality (see section 6.5), we assume that there are no lay-offs in the
traditional sector. In principle, every worker/consumer would like to be employed in the
primary high-wage sector since this yields  him the largest utility (see equation  (C.1)).   The
number of jobs in this sector is, however, restricted due to the operation of goods-market
equilibrium (see equation (1)). Taking   this into account, a worker   that   is   laid   off  in   the

high-tech sector faces two options. He can either allocate himself to a job in the tradi-
tional sector, or he can allocate himself to the pool of unemployment. In determining his
optimal strategy, the worker has to take the following two considerations into account: (i)
the earnings rate when being unemployed is lower than the wage in the traditional sector

(b <  1),   and   (ii) the matching efficiency of unemployed people is larger   than   the   one   of

those employed   in the traditional sector   (a <1, where   a   is the relative efficiency   with
which traditional sector workers are matched with high-paid jobs, compared to unem-

ployed people). The process of outweighing  the two opportunities that laid-off high-tech
workers are facing finally results in an endogenously determined probability V of going to
one  of the two states  (i.e., the state of unemployment or traditional sector employment).

The outcome for this probability is such that ex-ante laid-off workers (which are distrib-
uted   randomly) are indifferent between  the two options  that  they are facing.   For  a
graphical representation of stocks and flows  on  the labour market, we refer to Figure  5.1.

To formalize the determination of labour-market equilibrium, we introduce three

value functions (Bellman equations;   see, e.g., Pissarides  (1990)).  1£t  Vy,   Vu,  and   Vr



172 Chapter 6

denote the present discounted utility of all future expected consumption streams of,
respectively, a worker currently in the traditional sector, a currently unemployed person,
and a worker currently in the high-tech sector. In the steady state in which the allocation
of labour is constant over time, the consumption index C grows at the rate ag, where g is
the growth rate of labour productivity h. We thus derive C,=Coe'm =(wj/Pco)#: In the
remainder, we choose initial labour productivity ho such that Pco is equal to one. So in
equilibrium, the value of being in one of the three respective states grows at the rate ag,
the rate at which consumer prices decrease and hence at which real wages increase. This
implies that the discount rate D at which future job matches have to be discounted equals
8-ag. 10 The larger the growth rate, the less future (nominal) payments are discounted.11

A worker in the traditional sector enjoys a wage rate of wy from working and he
expects in unit time to get a job in the high-tech sector with probability q, which yields
him a surplus of 14 - Vy over his current position. Vy thus satisfies

DS =wy + aq(14 - Vy), (12)

where DVy is the valuation put on having a job in the traditional sector (this job may be
seen as an asset). This valuation equals the return on the traditional sector job. Similarly,
we derive

Dvu - bwy + q(VT _ Vu) , (13)

and

DVT = WT + 611 <VY -   + 6(1 -n)(VU _ V  , (14)

For equilibrium to hold, we require throughout that the value of a job in the traditional

10      Substituting the expression for  C into the utility function (C. 1),  we get  Uo=  f  w '4*cit.

"     Note that in contrast with chapters 3-5, we do not have to make the distinction between households
making the consumption-savings decision and individual workers making the decision where to allocate on
the labour market (see in particular chapter 5 for a discussion of this way of modelling).
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sector equals the value of being unemployed

Vy - VU* (15)

In addition, we impose two flow-equilibrium conditions, guaranteeing a constant alloca-

tion of labour over the three states 12

69LT = aqLY, (16)

and

6(1-11)LT  qU. (17)

Employment in the high-tech sector equals

LT = N(Lx + L,)  = N(1 + B)Lx. (18)

Finally, we have to impose a stock-equilibrium condition

L  = LT+Ly+U, (19)

so total (exogenous) labour supply L is either employed in one of the two sectors or

unemployed. This labour-market block of the model yields a relationship between the

unemployment rate and the number of high-tech workers as a function of the relative

wage differential (w), the unemployment benefit (b), the relative matching efficiency of
traditional sector workers    (a),    and the discount   rate    (D). This relationship is formally

derived in section 6.4.1. We recall that the division of laid-off high-tech workers over
unemployment and the traditional sector as measured by 9 is endogenously determined.

The same holds for the matching probability with high-tech jobs of unemployed people (q)

l2 Note that we can neglect flows between traditional-sector employment and unemployment, because,
in equilibrium, there is no incentive to alternate between equilibrium strategies that have been chosen. Take,
for example, a worker who is in the traditional sector. Being in that sector has some value for him, which is
composed out of current and future earnings. In equilibrium, this value is the same as the value that unem-
ployed workers derive from being unemployed. Now suppose that a traditional sector worker moves to the
pool of unemployed. The effect of that move is that the value of being unemployed goes down as more
unemployed people are competing for the high-tech jobs falling free, reducing the matching probability with
high-tech jobs (q). Moving from traditional-sector employment to the pool of unemployment is therefore no
strategy that will be chosen in equilibrium (and vice versa).
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The resulting unemployment in our model has to be thought of as wait unemploy-
ment. That is, part of the labour force is deliberately queuing for the high-paid jobs. In
the dual structure that we have in our model it is impossible to call this type of unemploy-
ment either voluntary or involuntary.    It is voluntary   in the sense   that the unemployed

could, in principle, choose to be employed in the traditional sector. They decide not to do
so as this is not in their economic interest. It is involuntary, however, as all the unem-
ployed are willing to accept a job in the high-tech sector, but are not offered such a job
because  of the rationing  that is going  on  in that sector (see chapter   1  for a discussion).

6.4 Endogenous growth and equilibrium unemployment

In this section, we will discuss the equilibrium characteristics of the model that we just
described. Then, we will turn to some comparative statics of the model. More specifi-

cally, we will look at the effects of changes in unemployment benefits (more generally,
the generosity of the social security system), union's bargaining power, relative efficiency
of matching unemployed with high-tech jobs, and changes in the discount rate. The
central questions will be whether there is a relationship between growth and unemploy-
ment, which factors influence this relationship, and whether the relationship is positive or

negative.

6.4.1  Solution of the model

To solve for the model, we start from the equations (12)-(15) which form the partial
labour market block   of this model.    We   take   the    wage   rate    in the traditional sector   as

numeraire  (wy= 1 so WT=W). From these equations we can solve for q. This yields

q= (D + 6)(1 - b)
(20)

c.)(1 -a)  -(1 -ab)

The wage differential has to be sufficiently large to guarantee positive flows on the labour

market   (co > (1-ab)/(1-a)).   Note that equilibrium unemployment may exist   even   in  the

absence of unemployment benefits, under the condition that the wage ratio (w) is suffi-
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ciently large and the relative matching probability of secondary sector workers (a)
sufficiently small  (w > 1/(1-a)). A smaller wage ratio would result in corner solutions  (no
labour would be unemployed, and n would be equal to one; there would only be flows
between the primary and secondary sector). Using this solution   and the flow-conditions
(16) and (17) we can derive the following relationship between unemployment and
employment in the two sectors

aL. 6L (0(1 -a) - (1 -ab)]
U - --1 -aLY = - aLy. (21)

q                                    (D + 6)(1 -b)

Now substituting this equation along with the expression for goods-market equilibrium
(equation (1)) and the expression for the size of the firm (equation (18)) into labour
market equilibrium (equation (19)), we arrive at the solution for the size of the production

department (as an implicit function) 13

L  =  N(1 + B)Lx <1
+ + (1

/           6[(0(1 -a)  - (1 -ab)] -a)1-0 e wl (22)
(0+6 -ag)(1-b) a    8-1    3

This equation in principle yields the solution for the size of the production department

(using that g =EBL,).In order to clearly illustrate the comparative statics  of the model,  we
start to derive the solution of the model in the static multi-period case (in which there is
no growth;  i.e.  we  take  E =8 =0). The solution  is then characterized  by

L(0 + 6)(1 -b)
LT= '

(23)(0+6)(1-b)+6[0)(1-a)-(1-ab)]+(0+6)(1-b)(1-a)1-0 8 e
O    8-1

Substituting this equation and goods-market equilibrium into the stock equilibrium

13 From goods-market equilibrium (equation (1)), we derive using the production functions and
pricing behaviour of firms in both sectors that YPr/Xpx=Lrw,(8-1)/NI,&(1 +B)wT=(1-a)/a.
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condition of the labour market (equation (19)), we can derive equilibrium unemployment

1-0 E
6[w(1 -a)-(1 -ab)]-a-.cu(0+6)(1-b)

0    E-1U=L . (24)

(0+6)(1-b)+6[co(1-a)-(1-ab)]+(8+6)(1-a)(1-b)            co1-0 e

o £-1

Let us consider the effects of an increase in the unemployment benefit (b), an increase in
the non-competitive wage differential (w) resulting from an increase in the bargaining
power of the trade union (lower y) or a decrease in the coordination of bargaining (lower
A),   an   increase   in the discount   rate at which future consumption streams are discounted

(0), and an increase in the relative efficiency of matching traditional sector workers with
high-tech jobs (a). Taking derivatives leaves us with the conclusion that unemployment is
positively affected by an increase in unemployment benefits and an increase in the wage

ratio,14 and negatively   by an increase    in the relative matching efficiency of traditional
sector workers and an increase in the discount rate.

The results can be understood as follows. An increase in the unemployment benefit
makes waiting for a high-paid job less costly. Hence, more laid-off high-tech workers will

opt for unemployment and equilibrium unemployment will increase accordingly, resulting
in a proportionate decline of both the primary and the secondary sector. An increase in
the wage ratio resulting from increased bargaining power of the trade unions has two
effects. First, it makes becoming unemployed and waiting for an (extra) highly paid job
more attractive, increasing unemployment. Secondly, it changes the composition of
production in favour of traditional goods (since they become relatively cheap).     This

results in a smaller high-tech sector and less lay-offs, making unemployment a less
attractive option. For reasonable parameter values (see footnote 14), the first effect
dominates and unemployment increases. An increase in the relative efficiency with which

secondary sector workers are matched with high-tech jobs makes becoming unemployed
less attractive and accordingly more laid-off high-tech workers will opt for a job in the

secondary sector reducing unemployment. Finally, an increase in the discount rate makes

future high payments and the associated large consumption streams less important for

14 This result holds provided that 6(1-a)(E-a) >(1-a)Ea*1-b).   Intuitively, this condition states   that   it
should be sufficiently attractive to become unemployed in the sense that benefits should be sufficiently large,
sufficient jobs should open up, the discount rate should not be too large, and the relative matching
probability of secondary sector workers should not be too large.
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workers. Consequently, relatively much laid-off workers    will     opt     for    a    job     in     the

traditional sector   if the discount   rate is large. Unemployment will accordingly decrease
and  both the high-tech  and the traditional sector will become larger  in  size.

So far, we have discussed the comparative statics of the model in the special case
in which there is no growth. In the next section, we will perform the same comparative-
static exercises as we did in this section, but now in the fully fledged model with
economic growth. This exercise allows us to study the relationship between growth and
unemployment, and to analyze how labour market institutions potentially affect this
relationship.

6.4.2 Comparative statics

In this section, we will first explain how growth and equilibrium unemployment are
related. For this purpose, we have to recognize the two crucial factors that give rise to
such a relationship. First, there is a scale effect operating in the model which is due to
the Schumpeterian character of the model. The larger high-tech firms are, the larger the
growth rate of the economy will be. This is in its very essence the scale-effect known
from many models of endogenous growth. As unemployment will negatively affect
employment and hence the size of high-tech firms, there will be a (partial) negative
relationship between unemployment and growth. Secondly, the rate of growth affects the
intenemporal decisions made by consumers/workers. The larger the rate of growth, the
less workers will discount future wages (or, alternatively, the faster real wages will grow)
and the more eager they will be to get a high-paid job in the future. As being unemployed
yields the largest probability of being matched with a high-paid job in the future,
relatively more people will opt for unemployment as growth is higher. Consequently,
there will be a (partial) positive relationship running from growth to unemployment. This
is in contrast with the result derived in chapters 3-5 and is caused by the absence of a

capital market. With no capital market, larger growth results in future wages being more
important in decisions where to allocate on the labour market (future wages are less

heavily discounted since the discount rate equals    0-ag).    In the presence    of a capital
market, increased growth is associated with an increase in the interest rate and future
wages are thus more heavily discounted (the discount rate being equal to r). This explains
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the opposite result on the partial relationship between growth and unemployment in this
chapter as compared to previous chapters. In general, we can not give an unambiguous

answer in this section to the question how growth and unemployment are ultimately
related. This answer depends on the importance and strength of the scale effect relative to
intertemporal considerations of workers. In the remainder of this section, we will look at
the comparative-static exercises that we already discussed in the previous section, but now
taking into account the growth effects.

The   solution   of the model is depicted in Figure   6.1.   In this figure,   we   have

depicted three    loci. The GG-locus represents equation (9), which   has a slope equal   to

1/(BE).    The Tr-locus represents equation   (22). This equation gives   us the maximal
amount of production labour that can be employed, taking into account goods-market

equilibrium and the fact that the effective supply of labour (L-U) is endogenous. It is
downward sloping since a larger rate of growth implies a smaller discount rate, increasing
the importance of future earnings and thus increasing unemployment and reduci·,5 the
effective labour supply. The equilibrium rate of growth is found at the intersection of the
GG-  and the TT-locus. Having determined the equilibrium number of high-tech produc-
tion workers, unemployment follows from using the UU-locus which is derived from

goods- and labour market equilibrium as U=L-N(1 +B)L.[1 +600(1-a)/{(E-1)0}].15  Note
that this equation is already known from chapter 2.

Using Figure  6.1,  we can derive the comparative statics  of the model. An increase

in the generosity of the social security system (b) makes becoming unemployed more

attractive since the cost of waiting decreases. This turns the lT-locus downwards. Hence,
equilibrium unemployment will increase and both the traditional and the high-tech sector

will shrink. High-tech firms will become smaller in size and the rate of growth will
decrease. This will make unemployment a less attractive option for laid-off workers, but

I5 Drawing L, as a f nction of g results in a two rectangular hyperbolics with one horizontal and one
vertical asymptote,   at  L, =L,   and  g =g, respectively. Since_U is non-negative, any economically reasonable
equilibrium value of L, is easily shown to be smaller than L, (which is derived by solving equation (22) for
g-*i 00).  Hence,  we can exclude the upper part  of the rectangular hyperbolic. In addition, in drawing
Figure  6.1  we  use  that  g  and L. are non-negative  so g <(8+8)/a < g.
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Figure  6.1   Solution  Of the  complete  model

still unemployment  will  unambiguously  increase. 16 An increase  in  the wage ratio result-
ing from an increase in the bargaining power of unions results in a decrease of the size of
high-tech firms (this follows from equation (22), applying the implicit function theorem,
or using Figure   6.1 in which  the   l'T- and UU-loci turn downwards around their fixed
points on the horizontal axis). Growth will accordingly decrease, and the discount rate
(D), will increase. To determine the effects of a change in the union's bargaining power
or the degree of centralization of the wage bargain on unemployment we have to consider
three effects. There are the effects on the relative size of the two sectors and on the
attractiveness of becoming unemployed following from the increased wage differential
that we already discussed in section 6.4.1. In addition, the discount rate increases as the
rate of growth   goes   down. This decreases the attractiveness of becoming unemployed.

16 From equation (22), it follows that L. unambiguously decreases when benefits increase. Using
goods-market equilibrium (equation (1)) and the definition for the size of the high-tech sector (equation
(18)), we derive that Li and Ly thus decrease. Using labour-market equilibrium (equation (19)) it directly
follows that unemployment will increase. This result straightforwardly follows using Figure 6.1 in which the
'IT-locus turns downwards.
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Still, unemployment is likely to increase when unions become more powerful. 17   The

effects of changes in the relative matching probability of secondary sector workers with
high-tech jobs and the discount rate (8) on employment in the two sectors and unemploy-
ment  remain  as in section 6.4.1. However, in addition, growth will decrease following  an
improved matching efficiency, and increase following a rise in the discount rate. The at
first sight surprising conclusion that an improved relative matching of unemployed people

(a lower) results in lower growth and increased unemployment is easily explained by
noting that unemployment has the character of wait-unemployment. What essentially
happens if the relative matching efficiency improves is that the costs of waiting for a
high-paid job decrease.

Although in all the comparative-static exercises that we considered so far growth
and unemployment moved in opposite directions, this conclusion does not hold in general.

Depending on the underlying differences in economic structure (either between countries

or time episodes), we can find positive as well as negative correlations between growth
and unemployment (see also chapter 5 for a discussion of the importance of this con-
clusion  from an empirical viewpoint). To illustrate this, consider  the  case  of an increase

in the equilibrium number of firms. In such a case, all high-tech firms become smaller in

size, growth decreases, while the high-tech sector becomes larger. The traditional sector

also becomes larger. The increase in the discount rate that follows from the decreased

rate of growth makes becoming unemployed and opting for a high future payment less
attractive and unemployment decreases as well.

6.5 Extensions and generalization of the model

The central idea in this section is that the linkage of unemployment benefits to previous
earnings in the presence of a dual labour market is an important cause of equilibrium
unemployment. More specifically, the linkage   may   be So tight initially that benefits

exceed the wages that are paid in the secondary sector. Even if unemployed people will
be less successful in being matched with high-paid jobs than workers in the secondary

17 Extensive numerical experimentation has resulted in the conclusion that it is very hard to come up
with a reasonable set of parameter values for which unemployment decreases (see also foo,flote 14; although
with an endogenous discount rate it is less unlikely that unemployment would decrease).
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sector, this may yield a rationale fur laid-off high-tech workers to become unemployed. It
is this general idea that we will formally model in this section. A citation of the OECD

Jobs  Sm*  (1994)  is  instructive  here: 'The duality  of the labour market... introduces
frictions in the working of the market mechanism: the unemployed may prolong their job

search in the hope of getting into 'high-wage' firms and sectors, and displaced workers
from the 'high-wage' firms and sectors may have very high replacement rates and hence

reservation wages when compensations are based on previous earnings'.
To model this idea, we have to change the modelling of the labour market as we

presented  it in section  6.3. In addition,  we will extend and generalize the modelling  of  the
labour market in several ways. This serves two main goals. First, we want to show that
the result that growth and unemployment are intimately related does not hinge on the
specific way in which we model the labour market. In particular, we relax the assump-

tions made previously that there are no lay-offs from the traditional sector and that
traditional sector workers are relatively poorly matched with high-tech jobs. Secondly, we
want to show that the Way the labour market is designed does affect the relationship
between growth and unemployment and that, depending on the institutional detail of the
labour market, some policies may affect growth and unemployment in different ways.

Consumer- and producer behaviour remain as described in section 6.2 (equations
(1)-(10)). On the labour market we now distinguish four groups of people. There are
people employed in the high-tech and in the traditional sector, there are (transitionally)
unemployed people that are just laid off from the high-tech sector receiving a high benefit

(which   they can receive   for one instant   of   time), and there are long-term unemployed
receiving a low social security benefit. People in this last group became unemployed

either because they were laid off from the secondary sector or because they were not able
to find a job when they belonged to the pool of transitional unemployment. Stocks and

flows are represented in Figure 6.2.
In the remainder of this section, we will proceed with the following assumptions.

At each instant  of  time, a fraction m  (0 5 m 5 1) o f workers  in the traditional sector  will

be laid off. In the high-tech sector, the exogenous lay-off rate is 6. Upon being laid off,
people have to decide whether to become (transitionally) unemployed and receive a
benefit equal to bwT, or to start working in the secondary sector. In making this decision,
people have to take into account that the probability of being matched with jobs depends

on their status in the labour market. This captures in a simple and stylized way the
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Figure 6.2  Stocks and flows on the  labour market of the extended model

empirically observed phenomenon of duration dependent outflow rates out of unemploy-
ment (see for example Van den Berg and Van Ours (1994) for some empirical evidence
on duration dependent outflow rates). More specifically, we will assume that workers in
the traditional sector are more easily matched with high-tech jobs than transitionally
unemployed people, while the matching efficiency of (long-term) unemployed people is
worst. We label these matching probabilities aq, q and cq, respectively, where we assume

that the relative matching efficiencies satisfy   0 5 c<1< a.    Both the transitionally   and
long-term unemployed people can also be matched with jobs in the traditional sector,
where we assume these probabilities   to be exogenous and equal   to   z   and k, respectively,
where  z<k<1 (so long-term unemployed people  are less easily matched  with  a job  in  the
traditional sector than transitionally unemployed people). These assumptions are not
subject to the objections one can have against the assumption that unemployed people are
more effectively matched with a well-paid job than workers in the secondary sector (see
the discussion in section 6.3). Furthermore, we assume that benefits for transitionally
unemployed (i.e., those  laid  off from the high-tech sector  that  opt for unemployment)  are
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larger than wages   in the traditional sector  and  only   last  for one period.   This   is  due  to  the

tightness   of   the link between benefits    (bivr) and high-tech wages    (wr)·    When a transi-
tionally unemployed person does not find a job in either the high-tech Or the traditional

sector, (s)he will become long-term unemployed and receive an (exogenously given)
benefit f that is smaller than wages  in the traditional sector. People that are  laid  off from
the secondary sector immediately receive (for simplicity) the benefit f  .

To formalize the labour market equilibrium, we formulate four Bellman-equations
describing the valuation put on the four states that people can arrive at (T and Y indicate

the primary and secondary sector, respectively, while UL and UT indicate the status of
long-term and transitional unemployment, respectively). These value-functions  look  like

DI'r -WT + On(Vy- V + 6(1-Tl)(Vur_ V  , (25)

DFUT = bwT+q(VT-VUT) + k(Vy-Vur) + (1-k-q)(VUL-Fur), (26)

DVY= wY + aq(VT- vy) +m(VUL- VA' (27)

and

DVUL =f + Z<VY- Vul) + Cq(Y·r-Vul) . (28)

For equilibrium to hold, we require that the value of becoming transitionally unemployed

equals the value of acquiring a job in the traditional sector

VUT = VY (29)

Flow equilibrium requires

(aq+m)Ly  - ZUL + 6nLT + kU (30)T'

6LT  =  aqLY + qUT + CqUL' (31)

and

(1-k-q)UT+mLY = (1+cq)UL, (32)
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where     UL    and UT represent long-term and transitional unemployment, respectively.
Defining total unemployment  as  U= UT+ UL, the model is completed by adding equations

(11), (18) and (19). We can now solve the model. Given the complexity of the model, we
have to rely on numerical simulations. However, we can unambiguously derive how
growth and unemployment are related    in this specific model.    As   well   as    in   the    most
simple version of the model which we discussed in section 6.4, growth and unemploy-
ment are basically related for two reasons. The scale effect causes unemployment and
growth to be negatively related since an increase in unemployment results in smaller firms
and lower growth. An increase in the rate of growth, however, now affects unemploy-
ment negatively. The reason being that when growth increases, high current payments
become less critical in the decision where to allocate. As the highest current payments are
obtained when becoming unemployed (bwT> WY), while the largest probability of regain-
ing a job in the high-tech sector is achieved when allocating towards the traditional
sector, more people will opt for a job in the traditional sector and unemployment will
decrease. Growth and unemployment are thus unambiguously negatively related.

In Table 6.3, we describe some comparative statics of the model, resulting from
changes   in the unemployment benefit level (0, changes   in the bargaining power of trade
unions (the qualitative changes are identical to those of a change in the degree of
coordination  of wage bargaining), changes   in the effectiveness with which various groups
are matched with high-tech jobs (a), and changes in the discount rate (0). The results are
broadly in line with what we saw in the simple version of this model and will therefore
not   extensively be discussed again. 18 The point where results differ   are with respect   to
changes in the subjective discount rate. Increases in the discount rate make, contrary to
the previous model, waiting as an unemployed more attractive. Current wages become
more important in deciding where to allocate and since the highest earnings are gathered

(initially) when becoming unemployed, relatively more people will opt for unemployment.
This will make both the traditional and the high-tech sector smaller in size and the rate of
growth will decrease accordingly.     This will further increase the discount    rate     and

reinforce the intertemporal effects. Notice that high-tech employment and unemployment
move in opposite directions. We refer here to chapter 5 for the importance of this result

18         On the basis    of an extensive sensitivity analysis for reasonable parameter values, we express
confidence   in   all the qualitative results presented in Table 6.3. Details   On the sensitivity analysis   are
available upon request from the author.
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in the light of the standard-critique on Harris-Todaro types of models.

Table  6.3  Comparative  statics  of the  extended  model

Base f(+ 0.1 %) a (+0.1%) 7(+0.1%) 0 (+10%)
L 0.598 0.569 - 0.602 +    0.602 + 0.581     -X

4 44.827 42.702 - 45.133 +          45.152 + 43.590

Ly 49.310 46.972 - 49.647 +   49.664 + 47.949 -

UT 0.959 3.865 +    0.535 - 0.512 - 2.656 +

UL 4.905 6.461 + 4.685 -    4.672 - 5.804    +

11 0.786 0.095 - 0.881 +    0.887 + 0.391     -

q 0.0746 0.0691 - 0.0753 +   0.0754 + 0.0714    -

g  (in %) 1.494 1.423 - 1.504 + 1.505 + 1.453     -

D 0.0200 0.0205 +   0.0200 - 0.0200 - 0.0232    +

Note: the base-line is based on the following parameter constellation: 8=0.029,
7=4, A=l (implying w=l.1), 6=0.1, b=0.94, »0.94, c=0.89, a=1.11,
L=100, 0=0.6, B=O.25, 8=3, N=60, i=O. 1, z=0.5, k=0.6, m=0.05. Signs in
the table indicate the direction of change when compared to the base-line.

6.6 Conclusions

The model that has been developed in this chapter is characterized by the endogenous

determination of (i) economic growth, (ii) non-competitive wage differentials and (iii)
unemployment. A crucial role in this model is played by trade unions that struggle with
high-tech firms about the rents generated by those firms. The outcome of this struggle
was shown to be an important determinant of equilibrium growth and unemployment. The
model enables uS to address some elements of the pressing problems of unemployment
and economic growth in a single and coherent general equilibrium framework. The model

revealed the consequences of the presence or absence of a capital market for intertemporal
considerations of workers in their decision where to allocate on the labour market. In
addition, the discussion in this chapter has made clear that results on the existence of a

relationship between growth and unemployment in the context of a segmented labour
market do not hinge on the assumption of traditional sector workers being relatively
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poorly matched with high-tech jobs.
We belief that the results described in this chapter are useful for a better under-

standing of the post World War II performance of European countries. In our opinion, the
development of the generous welfare state (as represented by an increase in f) is an
important element in explaining this performance characterized by increased unemploy-
ment and lower growth since the early 1970s. In this sense, this chapter can be seen as
complementary to the paper by Daveri and Tabellini (1997) who point at the importance
of increased taxes on labour. An argument often put forward in the literature on unem-
ployment as to why increased benefits are insufficient to explain the increase in unem-
ployment is that the timing of events has been wrong; during the building up of the
welfare state, unemployment remained constant at low levels, while in the period that the
generosity of the welfare state was stabilizing, unemployment levels increased to

unprecedented levels. This argument has recently been challenged by Ljungqvist and
Sargent (1996). According   to   them,   the huge availability   in the early post-war period   of

good jobs concealed the inherent instability in the European economies caused by the
development   of the welfare states.    Once the economies   were   hit by adverse shocks   (for
example the oil crisis and the restructuring of the economy from manufacturing towards
the service sector) the 'time bomb' of the generous welfare state came to explode. We
subscribe to the importance of supply-side factors in explanations of the relative growth
and employment performance of countries   (see also chapter   2). A factor   that   we   did   not

explicitly consider in our previous discussion but which might be an element in the
explanation for why unemployment remained so low during the building up of the welfare
state relates  to the 'catching up factor'. The 1950s and early 1960s were characterized  by

a huge potential to imitate the United States and to catch up in terms of labour productiv-

ity. This is the period of historically unprecedented economic growth. In terms of our
model, these high growth rates resulted in low discount rates and associated low unem-
ployment. Although the welfare state was built up in that period and increased the
inherent instability of the system, unemployment remained low. The inherent instability of
the system was, in other words, concealed by the process of catching up. As the potential

to catch up petered out in the early 1970s, growth in the European countries started to
decrease due to both the reduced potential to catch up and the increased benefits. These

two factors together can be held responsible for the increases in unemployment.
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The Determination and Development of Sectoral Structures

This chapter presents and discusses the development over time of sectors in terms
of value added and employment, using data from the OECD International Sectoral

Data  Base  ( 1997). We develop a simple Ricardian multi-sector general equilibrium
model that allows for (i) non-unitary income elasticities, (ii) different paces of
technological progress per sector, and (iii) endogenously determined technological
progress per sector. A model with these ingredients allows us to replicate the
developments that are found empirically, and which are shown to be the outcome
of an interplay between factors of demand and supply.

7.1   Introduction

Development processes of countries share several common characteristics. This chapter
establishes some of the characteristics of the sectoral composition of economies and tries
to explain these on the basis of a simple general equilibrium model. Most pronounced in
terms of sectoral changes are the reallocations of labour that take place as countries grow
rich. Countries typically start with a large agricultural sector and end up with a large

service sector. In the meantime, manufacturing employment follows a hump-shaped

pattern. Developments in sectoral shares measured in GDP at constant prices are much
less pronounced. The share of manufacturing in GDP measured at constant prices remains
roughly constant. The agricultural share shows some tendency to decline, whereas the
service sector has gradually increased its share. This latter  change has taken place despite

the continuously rising relative prices of services. How can these tendencies that are
witnessed in advanced countries be explained and reconciled? This is the central question

that we will address in this chapter.

The topic that has gathered most attention in the literature on sectoral change

relates to the observed drastic decline in manufacturing employment in the last 25 years,
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often referred to as deindustrialization. This process is often discussed in relation to
increased unemployment in Europe and increased income inequality in the USA. Several

explanations for this experience of deindustrialization have been put forward. These

explanations rely on increased maturity, differential productivity growth, increased North-
South integration, changing endowments, and outsourcing of activities previously
performed   in the manufacturing sector (see chapter   1   for  a   discussion).   The   goal   of  this

chapter is twofold. First, we will describe the developments of sectors over time, making
use of the OECD International Sectoral Data Base (1997). Secondly, we will develop a
simple Ricardian model that allows us to understand part of the developments that take
place on a sectoral level. We abstain from trade-based explanations of the observed trends
and instead focus on differential productivity growth and increased maturity as potential
candidates for explaining observed trends in sectoral developments. The model that we

develop allows for non-unitary income elasticities of demand, non-unitary substitution
elasticities between goods from different sectors, differential productivity growth  (i.e.,
different paces of technological progress on a sectoral level), and endogenously deter-
mined technological progress on a sectoral level resulting from learning by watching.
Previously performed studies that were discussed in chapter 1 which develop Ricardian
models (in particular, Baumol (1967), Matsuyama (1992), and Quibria and Harrigan
(1996)) are shown to be special cases of our general model. Compared to other existing
studies (e.g., Gundlach (1994), and Rowthorn and Ramaswamy (1997)) our model has  the
advantage that it is derived from a well-specified system of demand-equations that are
derived from optimizing consumer behaviour with clearly specified utility functions.

We proceed as follows. Section 7.2 presents the empirically found developments in
sectoral shares. The similarity of the trends for the countries under consideration suggests

that structural factors   are   at   play. We develop a simple model in section   7.3 that allows
us    to    explain how developments as described in section    7.2    may come about    as    the

outcome of an interplay between factors of demand and supply. To get a better feeling for
the mechanisms that are at play in the model, we present a two-sector version of the
model in section 7.4. In section 7.5 we discuss the characteristics of a multi-sector variant
of the model.  This  will  be  done  with the empirically found regularities  in  mind.  We
conclude in section  7.6.
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7.2 Empirical evidence

In this section, we briefly present and discuss some trends in sectoral developments in
advanced countries. These trends are well-established   in the literature   (see for example
Maddison (1991 and 1995), Van Ark (1996), Echevarria (1997), and Kongsamut, Rebelo

and Xie (1997)). Our empirical investigation covers three countries (USA, Germany

(WGR), and Japan (JPN))1 and three sectors (agriculture, manufacturing, and a subset of
the service sector)  over the period 1960-1995.   Data were taken  from  the OECD Interna-
tional Sectoral Data Base (1997). We refer to the OECD (1997) for details on sectoral

composition and construction of the data. The agricultural sector contains ISIC group 1
and includes hunting, forestry and fishing. Manufacturing contains ISIC group   3 (a broad

aggregate of manufacturing industries). The service sector contains ISIC group 6 (whole-
sale and retail trade, restaurants and hotels), group 8 (finance, insurance, real estate and

business services) and group 9 (community, social and personal services). We omitted the
transport- and communication sector from the aggregate of the service sector for reasons

of   heterogeneity. The communication sector is among the fastest growing sectors    (in
terms of labour productivity). This holds   true   for all countries. This sector could there-

fore, in our opinion, better be considered as a high-tech (manufacturing) sector than a
service sector (Baumol, Blackman and Wolff (1989) label this kind of sectors as 'techno-
logically progressive'). The distinction they make between technologically progressive and

stagnant activities is based on intrinsic attributes of activities like the ease of standardiz-

ation and the ease of formalizing the production process in a set of easily replicable

instructions.
Time series for shares in total employment of sectoral employment levels, as well

' We deliberately restrict the attention to these large and relatively closed economies in the hope that
we can safely assume that developments are only to a small extent the result of external developments and
are not strongly related to patterns of specialization. Other countries included in the ISDB are France, Italy,
United Kingdom, Canada, Australia, Belgium, Denmark, Finland, Netherlands, Norway, and Sweden.
From the inspection of patterns of development of small open economies, one can conclude that patterns of
specialization play a sometimes important role in explaining developments of sectoral shares of these
countries. In the Netherlands, for example, the eighties have witnessed an increase in the GDP-share at
constant prices of the agricultural sector which is likely to be due to relative specialization. Furthermore,
developments in energy-intensive sectors were strongly influenced   by the oil-crisis   in the 197Os, whereas

developments in the construction sector are strongly influenced by population growth and reconstruction
after World War II. Since these developments are to a large extent the result of period-specific shocks, we
omitted these sectors from the analysis.
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as shares in the total of domestic GDP measured in national currencies in constant prices

of  1990,  and in current prices, are depicted in Figures  7.1-7.3. From these  data,  we  can
establish the following trends:

1. Employment shares   in the agricultural sector are declining, while they increase   in

the service sector. In Japan, we see a hump-shaped pattern of development of
manufacturing employment, whereas they are monotonously declining in the USA
and Germany. Considering   data over longer time periods reveals   that the absence

of increasing manufacturing employment shares in Germany and the USA is due to
the advanced level of development already achieved at the starting point of our
time  series (e.g., Maddison (1991)). Based  on an empirical study, Rowthorn  and
Ramaswamy (1997) establish that manufacturing employment shares reach their

peak at a per capita income of approximately $8185 measured in 1986 US dollars
(achieved by many European countries in the 1960s and in the USA around the

19505).2

2.       In current prices, the share of services in GDP is increasing, while it is decreasing
in the agricultural and manufacturing sector.

3.             In constant prices, the share of manufacturing   in  GDP is roughly constant,   with
the exception of Germany where it is slightly decreasing since the early seventies.

The agricultural share in GDP at constant prices is slightly decreasing in Germany
and the USA, and decreasing in Japan. Developments of these sectoral shares are
less pronounced than those in GDP at current prices. The share of services in
constant prices is increasing over time. We emphasize that the overall evidence on
the development of sectoral shares in constant prices of especially the service
sector is inconclusive (see Quibria and Harrigan (1996)), and that there are
measurement problems with respect to price indices that are not resolved in a
satisfactory way according  tO, e.g., Kravis, Heston and Summers  (1983).

As we have already argued, differential productivity growth between sectors is a potential
candidate for explaining at least  part of these developments. In Table 7.1, average annual

growth rates of labour productivity over the period 1960-1995 for the respective sectors

2 This result is obtained by regressing tile employment share in the manufacturing sector on (the
logarithm of) GDP in constant prices (both linear and quadratic) and the overall trade balance in a pool of
21 industrial countries  over the period 1960-1973.  From the estimated regression coefficients corresponding
to GDP, the peak of manufacturing employment as a function of GDP can be derived.
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are given. Productivity is defined as value added at constant market prices of 1990
divided by total employment.3 The pattern that emerges is that growth rates of labour
productivity are largest in the agricultural sector and lowest in the service sector. The
exception is productivity growth in Japan in the agricultural sector which is below
productivity growth in manufacturing (Japan, Australia, and Canada are the only countries

for which data are available in the ISDB in which growth in the agricultural sector is
lower than in manufacturing)

Table 7.1  Average labour productivity growth 1960-1995 (in %)

Agriculture Manufacturing Services

Germany 6,11 3,02 2,49

Japan (since 1970) 3,20 3,73 2,65

USA 2,89 2,46 0,80

Similar exercises as those performed for these three countries have been performed for all

other countries available   in   the   ISDB,   and   also for other subsectors   of the economy.

Inspection of these data reveals that trends are similar for all countries, and that the
hump-shape in employment shares in the manufacturing sector is found for other countries

(provided that countries start  at a relatively low level  of per capita income).
Having established what we consider the main trends in sectoral developments, we

will now develop a simple Ricardian model which allows us to study the respective roles

of  demand and supply factors (i.e., preferences and technological opportunities)   in
shaping the sectoral composition of an economy.

3         Ideally, one would  like to measure productivity in hours,  but the quality of these data, especially  on
a sectoral level,  is  so  low  that  we  restrict our attention to productivity in terms of employment. This could
seriously affect our conclusions if changes in hours worked differ considerably between sectors. Since no
data are available in the ISDB, there is no way to check how serious this bias is (hours per person are
reported in the ISDB on sectoral levels, but they are taken to be equal to hours worked on a macroeconomic

level!).
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7.3 A simple model

The only factor of production is homogeneous labour (L) which is fully employed. We
normalize L at 100 so that we can conceive sectoral employment levels as percentage-
shares in total employment. The economy consists   out   of S sectors, indexed   i= 1, . . . ,S.
The objective of the representative consumer is specified as

[ s        - 11/P                                  S
maxc =L E a,(C, - C,)' 

where  p<1,  p#O,  C, >8,2 0,  and  S a i- 1,(1)
Ci i=l i=l

where C is the consumption index, C, is the consumed amount of goods produced in

sector i, C, is a subsistence requirement of consumption, and a, is a distribution parame-
ter.    In the absence of subsistence requirements,     1/(1-p)    is the elasticity of substitution
between goods from different sectors. The budget constraint corresponding to this
problem is

S

CPc  =  I cifa 6 wL,                                                                                      (2)
i.1

where Pc is the macroeconomic price index, Pa is the price of a good produced in sector

i, and w is the nominal wage rate which is equal for workers in all sectors. Four remarks
with respect to the choice of the utility function deserve attention. Firstly, the introduction
of subsistence requirements in the utility function is an easy way of allowing for non-
unitary income elasticities of demand that can differ between sectors. Secondly, a minor
disadvantage of a utility function with subsistence requirements is that it is undefined for
levels of C, lower than Ct, and marginal utilities go to infinity as C, approaches C; from
above (e.g., Echevarria  (1997)). This problem  is not serious, assuming as  we will do  that
countries are sufficiently advanced  that  they can fulfil their subsistence requirements  (i.e.,

EC,/hio < L, where  h,o  is  the productivity level  at  time t=0). Thirdly, there   is  no  need  to

assume C, to be non-negative on theoretical grounds, but it gives these values a simple

interpretation as subsistence requirements (e.g., Deaton and Muellbauer (1980)). Finally,
in the special case in which ro, the utility function boils down to a Stone-Geary utility
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function.4
Formulating the Lagrangian corresponding to optimization problem (1) and

performing standard optimization yields demand for goods from sector i as a function of

prices (see Appendix)

S        1

,  1    „ - E p,t,1
Ci - di + 1 1= ,    j.1

f p    \_L                                                           
                                (3)

I Pc 1 -glp-'
1-1     (aj)

The income elasticity of demand can be derived as

aci (wL) =
wL

AwL) C, _  s      /P  a \-1     r        s                                (4)
c. Ep„lf 9 1,-1  + 1.4  - E p„e,1

j=1 Ci j) j-1        j

This expression reveals how sectoral demand changes if income (as measured by wL)
increases by 1 percent, keeping everything else constant. If there are no subsistence

requirements, income elasticities are equal   to   one. The income elasticity    of   good    i    is

larger when its subsistence requirement is lower. A larger subsistence requirement of

good j lowers the income elasticity of good i.
Producers of the consumption goods operate under perfect competition and

produce with a constant returns to scale technology, only using labour which has labour

productivity hi

Ci = hiLi.                                                               (5)

4   To be more precise, evaluating equation (1) at p-•0 by taking logs on both sides and applying
l'H6pital's rule reveals  that the optimization problem  in the case where  p-,0  boils  down to

S                              S

max C  =  II Wl - 2,r s.L  cpc  -  I C,Pa  g  wL
C, i-1 1-1

With no subsistence requirements, such a utility function becomes a standard Cobb-Douglas utility function.
We refer to Klump and Preissler (1997) for an extensive discussion on the characteristics of various forms
of CES-functions that are used in the literature.
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Due to perfect competition, the price of the consumption good of sector i equals

pa =.w.                                                                             (6)
hi

From this point onwards  we  take  the  wage  rate as numeraire (w=l) Finally,  we  have  to

establish how the productivity of workers develops. We propose the following 'engine of

growth'

hi  = h,gi  = hi<Ii + 4,1,,A ,                                                                            (7)

where  a  dot  over a variable represents a derivative with respect  to  time  (h - dh/dt),  and  g

is the exogenously given   part    of   the    rate of technological progress. The parameter    E

captures in a stylized way the importance of learning by watching in each sector (compare

Matsuyama (1992)). This is the most simple way of incorporating an element of endoge-
nous   growth   in the model. The scale of operation   in this approach is indicative   for   the

amount of learning that takes place. Knowledge results   as an unintended by-product   of

producing. We use the term learning by watching instead of learning by doing since it is
ultimately the mass of workers that can learn from each other that matters for growth,
and not the mass of products produced by these workers. This distinction is important for
the following reason. One of the reasons put forward by Baumol (1967) as to why
(exogenous) growth in manufacturing is persistently larger than in services is that scale

effects are operating in this sector. It is important to be precise on the meaning of scale in
this context. Scale may matter in terms of production (implying that learning by doing

matters) or in terms of employment (implying that learning by watching matters). We take
the latter approach in this chapter.

The model is now complete and we can establish the allocation of labour over
sectors as a function of sectoral productivity levels by substituting the production function
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(5) and the price-equation (6) into the demand-equation (3)

2 -1 -'1-  14 -   fj
L, = - -E+h P-1 G P-1 j.1  j   .                                     (8)

h,   i      s f_1 _1\
E lhjp-1 aj p -1 
j.1

Having established the solution of the model in terms of the allocation of labour, we will
now study the characteristics of the model in more detail. In section 7.4 we look at the
model   in a two-sector context. This serves three goals. First, it gives a feeling   for   the

basic forces that are at play in shaping the sectoral composition of economies, which will
be  useful for understanding the developments   in a multi-sector version  of the model.   This
multi-sector version  (i.e.  more  than  two)  will be discussed in section 7.5. Secondly,  it  is
instructive in that it reveals that some of the results obtained in this thesis (especially the
constancy of employment shares during the transition in chapter 2) depend partly on the
choice of preferences. Thirdly, it makes clear that existing two-sector Ricardian models
on growth and sectoral structure developed previously can be seen as special cases of the
model developed in this section.

7.4 The two-sector version of the model

Starting from equation   (8),   we can derive employment shares   in a two-sector economy  as

L. 1+ hi ai  I -  i  11

L -+-

,    4  =L-L i·1

hl -P -1 -0 -2/
hip -laip -1    +  h2p -1 a2p -1

The number of cases we can now analyze is large, depending on the assumptions with
respect to (i) the presence of subsistence requirements (C,), (ii) the presence of (differenti-
ated) exogenous technological progress    (g,),    (iii) the presence of learning by watching
(captured   by   6,),   and   (iv) the elasticity of substitution between goods   of  the two sectors

(which is related   to   p).    Table 7.2 gives a classification of previous studies by Baumol
(1967), Matsuyama (1992), and Quibria and Harrigan (1996), and of the two additional
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cases we will explicitly consider in this section.5 The analysis of additional cases is
deliberately restricted to the two basic cases of Stone-Geary preferences (p-,0), and CES-
preferences in which we allow for both exogenous and endogenous technological progress
(assuming   away the existence of subsistence requirements for simplicity). Discussion   of
the other cases one can consider does not yield additional insights as they are straightfor-
ward  combinations  of  the two basic cases we present.

Table   7.2  Classification  of cases   in  the  two-sector  variant  of  the  model

C,=0, i,=0 C>O, 6,=0   C,=0, E,>0 C> O,  4>0

ro Baumol (1967) This section          -           Matsuyama (1992)6

p<0 Quibria and Harrigan (1996)          - This section               -

pl.- 00 Baumol (1967)'                -

In   the   case   of a Stone-Geary utility function   (p-*0),   we can describe the development   of
sectoral labour shares over time by taking the derivative of equation (9) with respect to

5         Table  7.2  does not contain a classification  on the basis of exogenous growth rates.   In all cases  that
we consider we assume that the exogenous growth rates are positive and different between the two sectors
under consideration, unless otherwise stated.

6     Matsuyama (1992) looks at a very special case in that he assumes (i) a Stone-Geary utility function,
(ii) exogenous growth in both sectors to equal zero, (iii) an agricultural sector which has a positive
subsistence requirement and no technological progress, and (iv) a manufacturing sector which has
endogenous technological progress, but no subsistence requirements. This combination of assumptions
results in a constant sectoral allocation of labour. Matsuyama was well aware of the specificity of his
assumptions and acknowledges that his result depends on the absence of growth in the agricultural sector
and the assumption of a Stone-Geary utility function. This will be further explained in the remainder of this
section.

7         Due  to the choice  of the utility function  in our model, we obtain the result that consumption shares
in constant prices are equal (C =C,) under LeontieEpreferences  (r- 00). This result would not obtain  once
instantaneous utility would be specified as [E[a,(C-c,)]p]up.   In  this case. however, expenditure shares would
be equal in the case of Cobb-Douglas preferences (p-0).
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time. The development of sectoral employment shares   is then derived  as

-          -

dll - -dLY - a £282 (tgl
(10)

-dt     -   -Ijt       -      1 32   -  (1 -al) h

Employment in sector 1 has a tendency to decrease due to the fact that increased

productivity growth results in less labour being needed to produce subsistence require-
ments (captured by the term -C,g,/h,). On the other hand, more labour becomes available
for the production of goods over which consumers have discretionary choice. This amount

of labour (C,g,/hi + C2g21hz) is divided  over  the two sectors according  to the distribution

parameter at. So due to this effect, employment in sector 1 increases with an amount

equal to a,[C,g,/4 + C 2/h2l·  It  is  evident  from  this  expression  that when each sector is

characterized by the absence of productivity growth or the absence of subsistence

requirements     (or    both), the allocation    of labour is constant    over    time. This result
illustrates that the constancy of the allocation of labour during the transition in chapter 2
is dependent on the specific choice of the utility function in which there were no
subsistence requirements and the elasticity of substitution between goods produced in
different sectors was equal to unity.    In more general cases   with at least one sector   with

both subsistence requirements and growth, the allocation of labour is no longer constant.
Changes in relative prices due to different growth rates are then no longer exactly offset

by equiproportionate and opposite changes in relative demand, which results in changing
allocations of labour.

Table 7.3 summarizes all possibilities   that can emerge   in the two-sector version  of
the model with a Stone-Geary utility function, and the associated developments of the

employment share in sector 1 (L,/L). We restrict the attention to cases with exogenously
given sectoral growth rates. 8   As time approaches infinity, the share of sector    1 in total
employment  (LI/L)  will then converge  to  a,.  This is explained since  less  and less labour  is
needed to produce subsistence requirements as time proceeds. In the end, all labour is

8         The results reported in Table   7.3 also apply   in   the   case of endogenous technological progress,
provided that the growth rates satisfy the restrictions on the growth rates indicated in the upper row at any
Roint in timez When growth is absent in both sectors of the economy, employment in sector 1 equals
Ct/hiota,(L-4/h,o-Cyhzo)· In the case where oBe of the growth rates equals zero (say g2), the equilibrium
amount of labour in sector 1 converges to at(L-C:fh20). The equilibrium amount of labour in sector 1 is then
a constant fraction a, of the amount of labour that is ultimately left after subsistence requirements of sector
2  in which there  is no growth  have been produced.
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employed  for the production of goods over which consumers have complete free choice.

Table  7.3  Development  of employment  share  in  sector  1  over  time  (p-0)

gl>g2  1<  2

a1£2&/h20, (1-ai)Clg,lhlo increasing hump-shape

a l c 2g 2 # h 2 0 < (1 - a l) C l g 1 1 h lo U-shape decreasing

With relatively large subsistence requirements in sector  2 (the upper  row in Table  7.3),
the employment share in sector 1 starts to increase. To understand this, it is important to
recall that there are two opposite forces that affect employment shares. These shares are

positively affected by the fact that productivity growth increases the amount of labour that

is available for the production of consumption goods over which consumers have free
choice.    They are negatively affected   by    the    fact   that less labour is needed to produce

subsistence requirements    due to growth of labour productivity. With relatively large
subsistence requirements in sector 2, the former effect more than offsets the latter effect
and employment in sector 1 increases at time t=0. If the growth rate of sector 1 is
relatively high, the relative weight of the latter effect (which was already minor) declines

relatively fast and employment in sector 1 continues to rise. If, however, productivity

growth in sector 2 is relatively high, the importance of the former force decreases at a

relatively fast rate and at some point in time, the reduction of employment in sector 1 due

to the reduced amount of labour needed to produce subsistence requirements will start to

dominate.' The employment share of sector 1 then follows a hump-shaped pattern.
Exactly the opposite reasoning applies  to the second  row of Table  7.3.

The second case we consider is the case in which goods produced in the two
sectors are relatively bad substitutes (which holds   i f  p < 0). The development of sectoral

9 This point is reached at time T where it holds that a,Cig//127-=(1 -at)Cig,/h,T·
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shares over time, assuming C to be zero, than reads as

t&)fli (32).it
dLi     -dlg =  pL*2 -  1)   at      < hi  
dt        dt                                                                                      (11)

/a\-1 /h\_-22
(P -1)    1   +  )_1    p-1    _lip-1ai hi

This equation reveals that when growth rates are constant over time but different between

sectors, the sector with the largest growth rate ultimately will vanish in terms of labour (a
result which also obtains   in the presence of subsistence requirements). This result   does
not  necessarily  apply  once we allow for endogenous technological progress  (6, >0).  The
allocation of labour will then be constant once growth rates in the two sectors are equal.

In this case, the share of labour in the first sector of the economy converges to10

(2L + /2 - /1 Fil  - f2       12  - Il 1
Li

= where L kmarl-, -1. (12)

El + E2
L

z2 <1  ]

The parameter restriction is made to ensure that L, is non-negative and does not exceed
the total labour force   (L).    If this restriction   does not apply,    we   end   up   in   the   type   of

corner solutions as we discussed in the case in which we assumed endogenous growth to
be absent. The expression reveals that in the presence of endogenous growth, the
allocation of labour is ultimately fully determined by supply factors. The more powerful
the  'engine of growth' of sector  1  (i.e., the larger its exogenous growth  rate (g,), and/or
the larger the scope for learning by watching (E,)), the smaller the sector will be once the
allocation of labour has converged to a constant.

The cases considered in a two-sector context by Baumol (1967), Matsuyama

(1992), and Quibria and Harrigan (1996) will now be discussed as special cases of the
two-sector model developed in this section. Both the solution of the model of Baumol and
the model of Quibria and Harrigan can be characterized by equation (11) since they
assume the absence of both subsistence requirements and endogenous technological
progress   (C,= 6,=0).   In the second sector, Baumol assumes the presence of exogenous
technological progress, which is absent  in the first sector  (gl =0,  gz > 0).   The two cases

I0 Equality  of  growth  rates  implies  that g,= i,L,+gi =g,-i,L:+g,=EAL-L,ht-gi from which we can
solve for Li
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he then considers in order to describe the development of sectoral shares are (i) a case
with unitary elasticity of demand and constant relative outlays (p=0; i.e.  Cobb-Douglas
preferences),     and    (ii)    a case where relative output is constant    Or* 00 ; i.e. Leontief
preferences).   In  case  (i), the sectoral shares of labour remain constant whereas the output

ratio (CAC2=hiL,thj«b declines to zero as time passes. In the second case, labour will
ultimately be fully employed   in the first sector   of the economy. Quibria and Harrigan
(1996) study the intermediate case in which the elasticity of substitution between goods

from different sectors is between   zero    and   one. The basic results they arrive    at    were

already discussed in this section. More and more labour will be allocated towards the
service sector until ultimately all labour is employed in this sector. The relative prices of
services will rise without bound.

Matsuyama (1992) incorporates an element of endogenous growth in a two-sector

model with an agricultural and a manufacturing sector (say sector 1 and 2, respective-
ly).n   His basic model is characterized by constant shares of labour. This result   is   due   to

his very specific parametrization    of the model. He models an economy    with    (i)    no

technological progress in the agricultural sector (g,=0), (ii) endogenous growth in the
manufacturing sector     (62>0)'     and     (iii) a Stone-Geary utility function     (p=0)     with

subsistence requirements   in the agricultural sector  (C, >0)   and no subsistence require-

ments in the manufacturing sector ((2=0)· It is immediately evident from equation (10)

that in such a specific case, employment shares are constant over time. This is not
considered as a problem by Matsuyama since the main focus in his paper is not on the
dynamics of structural change, but on the effects of an increase in the (exogenously given

and non-growing) productivity of the agricultural sector for growth in the manufacturing

sector. It is clear from equation (9) that an increase in the productivity level of the
agricultural sector which has a positive subsistence requirement releases labour that will
be employed in the dynamic manufacturing sector. Since this sector is characterized by

learning by watching in the model of Matsuyama, growth will increase in this sector. This

11        The basic Ricardian model of Matsuyama differs  from our model   in two respects. First, Matsuya-
ma employs production functions with diminishing returns to scale with respect to labour. Compared to our
way of modelling,  this  does not affect the basic results arrived  at  (in a closed economy setting). Secondly,
he assumes consumers to have an intertemporal utility function with a subjective discount rate. Again, this
does not affect the comparability of his results with the results in this chapter and is only of importance for
the welfare evaluation in his paper.



204 Chapter 7

is the basic result arrived at by Matsuyama in the closed economy version of his
model.12

7.5 The model in a multi-sector context

In this section, we discuss the characteristics of a multi-sector version of the model
developed in this chapter. As in the previous section, our analysis will start with first
considering the Stone-Geary utility function (p-+0) as a special case to gain some further
insights in the working of the model and the processes that are at play. In turn, we will
generalize   to   the   case of CES-preferences (without subsistence requirements). Again,   all
other cases that we can distinguish are straightforward combinations of these two basic

cases. We conclude this section by presenting some numerical experiments   with a three-
sector version of the model. The aim of these exercises is to mimic part of the empirical-

ly found trends described in section 7.2.

7.5.1   Stone-Geary   utility  function   (p=o)

In the case of a Stone-Geary utility function, we can derive Marshallian demand as

C   J-   -1
PaC, = Pae, + ailL - L pecj'. (13)

\     21       3

This reveals that consumers spent on good i an amount needed to fulfil subsistence

requirements plus a fraction a, of the income that is available for discretionary choice

0   In addition, he shows that a negative relation between growth and agricultural productivity prevails
in  a  small open economy.   This  is  due  to  the  fact  that a small open economy that experiences a productivity
improvement in the agricultural sector will specialize more in the production of agricultural goods, taking
away labour from the manufacturing sector and depressing the growth rate of the economy. Finally, he also
considers the dynamics   of structural change by allowing for non-unitary elasticities of substitution.   Due   to
the assumed absence of growth in the agricultural sector, Matsuyama has to assume agricultural goods to be
relatively good substitutes for manufacturing goods in order to be able to explain the declining share of
agricultural employment. Both the assumption of agricultural growth to be lower than manufacturing growth
and the assumption of good substitutability between goods from broadly defined sectors seems at odds with
empirical evidence.
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(that is the income that is left after all subsistence requirements have been fulfilled). 13

From  equation  (8), we derive  that the allocation of labour is governed  by

E.  C  s c.
L,-  li' + a, IL - I -2].                                                                                (14)/4   hj 11

The employment share of sector i thus consists out of two parts. The first is the amount

of labour that is required to produce the subsistence requirements. The second is a

fraction a, of the total amount of labour that is left after subsistence requirements of all

goods from all sectors have been produced. Several results are worth noticing. With
positive growth in all sectors, sectoral employment shares and GDP-shares measured at

current prices ultimately converge to a„ independent of whether growth is determined

exogenously or endogenously.     This is caused    by    the    fact that weight of subsistence

requirements in determining sectoral employment shares tends to zero as time proceeds

(C,/h,-+0).  It  is then evident from equation  (14)  that  L,/L = C,Pc;/CPC-*at. The share  of  the

fastest growing sector in total output measured at constant prices converges to one, while

the share in the other sectors tends to zero. Sectoral growth rates converge to g,+E,a,L.

Relative prices of the slowest growing sector tend to infinity, while those of the fastest

growing sector tend to zero. Income elasticities ultimately all converge to one.

So far, attention has been restricted to the long-run in which employment shares

are    constant and income elasticities of demand equal one. However,    for long periods
during the transition to a situation with constant employment shares income elasticities

may be unequal to one. In particular, the income elasticity of demand of the sector with

the lowest (largest) initial subsistence requirement starts at a level larger (smaller) than
one. In the light of the deindustrialization debate, we are particularly interested in the

short-run behaviour of employment shares. It is easily derived that these shares are not

constant and may behave non-monotonously. This is seen by taking the derivative of

13 The macroeconomic price index (Pc) can be determined as

pc.fit    r    p,L        '.1.
t.'la,14 - jT, e,p„11

Taking the derivative of this expression with respect to time, we can determine the growth rate of real
consumption which equals -Pc/Pc· With exogenous growth rates, real consumption growth starts at a high
level and declines to its steady growth level which equals Ea,g,.
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equation (14) with respect to time which results in
-         -

ff:I  =  - C,g, + a.'   ftft (15)

dt             hi         ' M    hj

This equation reveals that with positive growth rates, employment shares in all sectors

indeed converge to a constant since C,/4 tends to zero as time proceeds. ht us now
restrict the attention  to a three-sector version  of the model   (S= 3), and consider   the   case

in which the subsistence requirement of goods from the first sector (say the agricultural

sector) is largest, while that from the third sector (say the service sector) is zero. The rate
of technological progress is assumed to be largest in the first sector and lowest in the
third sector. Assuming    that    at    time    t=0 it holds    that    a2[C,g,/hi + C 2/h21  > C2gth2,

employment   in the manufacturing fullows a hump-shaped pattern. The interpretation   of

this   condition   is   the   same   as in section   7.4 and relies   on   the   fact that sectors become

larger due to the fact that more labour becomes available for the production of consump-

tion goods over which consumers have free choice, while sectors become smaller due to
the fact that less labour is needed to produce subsistence requirements. Similarly, we can
derive that employment in the service sector is continuously increasing, while agricultural

employment initially strongly declines. In other words, if relatively much labour is
required initially to produce the subsistence requirement of the good produced in sector 1

and this sector is characterized by large productivity growth, so much labour is freed up
initially that the employment share in both the second and the third sector start to
increase. Ultimately, all employment shares converge to their long-run shares (a,).

7.5.2  CES-preferences

The next step is that we characterize the solution of the model for the case in which the
goods produced in the sectors under consideration form relatively bad substitutes
(p < 0).14 For analytical tractability, we restrict attention   to   the   case in which there   are

14    The Case in which the elasticity of substitution is larger than one is not considered since this case is
not interesting for the study in the underlying chapter, neither from a theoretical nor from an empirical point
of view. Sectors are defined in such a broad way that it is reasonable to assume that goods produced in
these sectors form relatively bad substitutes.
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no subsistence requirements   (C, =0)   and in which there   is no endogenous technological
progress  (i, =0). Employment shares  are then easily determined from equation  (8).

The dynamics as well as the steady state to which to model converges can be
described as follows. With productivity growth in all sectors, the economy converges to a
situation in which the total labour force is ultimately fully employed in the sector with the
lowest productivity growth. The other sectors ultimately vanish in terms of employment.
The development of relative prices is the same as described in the previous section. In
terms of sectoral shares in GDP measured at current prices, the fastest growing sector

ultimately vanishes, while measured at constant prices it ultimately dominates the
economy. During the transition, sectoral developments can again be non-monotonous.
Taking the derivative of equation (8) with respect to time results in

dL,                j,i                 C ai)       C hi)
s th.\_lia.\_-1 (16)

LeI Q'-gglfll.Al.flift
- -                                   where D=El-lip-11-lip-1
dt (p-1)D2 Ih I la.1

1=1 \ i/ \ //

This   reveals that employment   of the fastest growing sector is continuously decreasing,

while employment in the slowest growing sector is continuously increasing. Again
concentrating on the three-sector case and assuming that the second sector is characterized
by intermediate growth, it is easily derived from this equation that in the case in which at
time t=0 it holds that (grgb'(gl-gs)> Ca,la #Ign(hil liA+94. employment of sector 2
starts to increase. At some point in time it reaches a top and ultimately converges to zero.

This result reveals that the development of sectoral employment shares can behave non-
monotonously in a world in which there are sectoral productivity differentials and goods

are relatively bad substitutes. In particular, if differential productivity growth between the

agricultural and manufacturing sector is large relative to differential productivity growth

between manufacturing and the service sector, manufacturing employment will follow a
hump-shaped pattern (otherwise all labour would be reallocated towards the service sector

from the outset).
Let us now introduce endogenous technological progress. The previous analysis

has made clear   that   as    long as growth rates   are not equalized, employment shares   are

changing. This continues until    in the limiting   case    the two fast-growing sectors    have

vanished. By endogenizing growth rates, they may converge. This occurs if employment
shares are such that the differences in exogenously given productivity differentials are
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compensated by endogenously determined productivity differentials which are due to
different scopes for learning by watching. In general, convergence of growth rates obtains

once sectoral employment shares satisfy (provided  that  all  6's are positive)

S           S

L  - i  1   +  E j=1 j j=1 *j
(17)Li=          s

1

Ei L -7
j-1 *j

A meaningful solution requires  that  0 <4<L.  If this restriction  is not satisfied,   we  end
up in corner solutions in which some sector takes over the whole economy in terms of
employment and is still characterized by a lower growth rate than the other sectors. If
there   is no learning by watching  in one sector  (say in sector j  (Ej=0)), growth rates  will

converge when employment shares  in the other sectors equal  Li= (gj-g,)/6,· These exercises

reveal that in the presence of endogenous growth, the allocation of labour is ultimately

fully determined by supply factors. Previously derived results that the labour force is

ultimately fully employed in one sector when goods are bad substitutes hence depend on
the  assumption  of the absence of endogenous technological progress  on a sectoral   level.

Once learning by watching is introduced, a minimal sectoral scale in terms of employ-
ment is required to be and to remain a fast-growing sector.

7.5.3  A  numerical  experiment  with  a  three-sector  version  of  the  model

We conclude this section by presenting some numerical experiments of with the model.

The developments of sectoral shares in terms of employment and GDP in constant prices

are depicted in Figures 7.4 and 7.5 respectively.
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Figure 7.4 Development of sectoral employment shares
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Figure 7.5 Development of GDP-shares  (in constant prices)
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These pictures are based   on the following parametrization  of the model:   p =-9,  L = 100,

g,=0.018, g2=0.007, g3=0.022, 61=0.001, 62=0.0006, 63=0, C,=40, C2=18, Cj=0,

a,=0.05, a2=0.25, aJ=O.7.15
These pictures illustrate several points that are worth noticing. First, with

differential productivity growth and relatively bad substitutability of goods, employment
shares may behave non-monotonously (recall that we do not need endogenous growth nor
subsistence requirements  for this result). Secondly, employment shares and shares  in  GDP

at constant prices can converge to constants   that are unequal   to   zero   or   one.    For   this

result, we need endogenous growth. Thirdly, we can generate a roughly constant/slightly

increasing share of manufacturing in GDP in constant prices (due to a choice of subsis-

tence requirements according to which the income elasticity of demand for manufacturing

goods is close to one). Fourthly, the share of the agricultural goods in GDP at constant

prices can decline, even though the growth rate in the agricultural sector is larger than in

the service sector (note that without subsistence requirements, this would imply that the
share    of the agricultural sector would increase).     This    is    due    to the relatively large

subsistence requirement in the agricultural sector which implies a low income elasticity of
demand. These are roughly the tendencies  that we observed  in our description of sectoral

development in section 7.2.

7.6 Conclusions

This chapter has developed a simple Ricardian general equilibrium model that allows us

to determine the sectoral composition of an economy as the outcome of factors of supply

and demand. Differential productivity growth rates, non-unitary income elasticities and

non-unitary substitution elasticities between goods from different sectors were considered

as important explanatory factors in empirically observed sectoral changes. The model

allowed for the presence of endogenously determined rates of technological progress

resulting from the presence of learning by watching.

15 Not depicted are growth rates and sectoral shares in GDP in current prices. In the numerical
example presented here, growth rates in the service sector are constant, they are hump-shaped in the
manufacturing sector and declining in the agricultural sector. Over the whole period, growth rates are
largest in agriculture and lowest in the service sector. GDP-shares in current prices follow the same pattern

as employment shares (since C,Pci=L,).
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Previously developed two-sector Ricardian models on growth and sectoral structure
of Baumol (1967), Matsuyama (1992), and Quibria and Harrigan (1996) were shown to
be special cases    of our model. With goods from different sector being relatively    bad
substitutes, differential productivity growth results in declining employment shares in fast

growing sectors (agriculture) and increasing employment shares in slowly growing sectors

(services). Differential productivity growth   was also shown to suffice for explaining   the
empirically observed hump-shaped development of the share of manufacturing employ-
ment. In particular, if the growth rate of the fast-growing agricultural sector is sufficiently
large compared to the other growth rates, so much labour may be released initially from
this sector that all other sectors may become larger in terms of employment. This effect is
reinforced once we allow for income elasticities in the agricultural sector that are smaller
than one. Ultimately, only the slowest growing sector will increase in size at the expense

of all other sectors. The result that slow-growing sectors ultimately dominate the whole
economy was shown not to arise necessarily once allowance is made for endogenously

determined technological progress    as a result of learning by watching.    We    may    then

arrive in a situation in which sectoral growth rates converge and sectoral employment
shares converge to constants (and unequal  to  zero  or  one).

In the end, we can draw the conclusion that the empirical trends we described in
this chapter can basically be replicated by a simple Ricardian model in which we do not
have to rely on trade-related explanations for sectoral developments. This is not to deny
that trade-based explanations have some role to play in explaining sectoral compositions

of economies. Countries   that   have a comparative advantage    in a particular sector   as    a

result of for example differences in endowments will specialize in production in these

sectors. We wanted to emphasize, however, that changes in sectoral compositions that
were shown to be similar in all countries can simply be the resultant of differential

productivity growth, non-unitary income elasticities, and relatively bad substitutability
between goods from different sectors. The recently observed deindustrialization can hence

be an inherent and unavoidable part of the development of maturing economies.
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Appendix. Derivation of demand functions

The Lagrangian corresponding to optimization problem (1) reads as

r s          -  lup    C       S

52 -IE a,CC,-C,)'  + A wL- E C,Pci 
0 (A.1)

li-1

Taking derivatives results in
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We can thus derive that
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Rewriting yields expenditures  on good j
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Substituting this expression in the budget constraint and rewriting yields Marshallian
demand for good i
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so that demand for goods from sector i can be written as
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Chapter 8

The Macroeconomic Consequences of Outsourcing'

An analysis of growth, welfare, and product variety

Outsourcing of non-core activities by firms is nowadays a common business
strategy. This chapter provides a theoretical framework for analyzing a firms'
incentive to follow such a strategy and its consequences for macroeconomic
variables like growth and product variety. We divide production activities   into
core and non-core activities. Non-core activities can be performed within the firm
or can be mediated by the market. We will derive conditions under which outsour-

cing will occur, and under which outsourcing will be socially desirable. These
conditions do not necessarily coincide due to two externalities. Outsourcing may
hence be a profitable strategy for firms, while it is socially suboptimal. Crucial
parameters in the model are the relative scale of core versus non-core activities,
traditional management costs, transaction costs and taste for variety of consumers.
This chapter suggests that declining transaction costs are a crucial factor in
explaining the observed increase in outsourcing.

8.1 Introduction

Outsourcing of activities   to the service sector is nowadays a common business strategy.
According to Abraham (1990) and Abraham and Taylor (1993) market mediated work
arrangements associated with business service employment increased substantially over the

period 1975-1990. For a longer period, Ten Raa and Wolff (1996) find a gradual increase
in the share of service inputs in gross manufacturing input between    1947    (11.3    %    in
constant dollars) and 1977 (14.3 %), a strong rise till 1982 (16.9 %) and a small decline

till  1987  (16.1   %).  Part  of the process of deindustrialization  can be associated  with  this

development. Activities previously performed within a manufacturing    firm    (e.g.,

1 This chapter is a slightly revised version of De Groot (19988)
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accounting, maintenance, repair, janitorial and legal services) are currently performed in
what is labelled the service sector. To the extent that this development occurs,
deindustrialization (defined as a decline in manufacturing employment) should not be seen
as a real phenomenon but as resulting from measurement problems. In addition, this
development puts popular statements that most new employment is generated by small
service sector specialists in perspective, to the extent that this employment has simply
been transferred from (large) goods-producing firms to the service sector (Postner
(1990)). Another reason why outsourcing    is an interesting trend that deserves closer
attention is that it changes the internal organization of the firm and can thereby potentially
influence both the firm's performance and the macroeconomic performance of an

economy.
So far, there have been several studies, theoretical and empirical, that look at

reasons for and consequences of the upward trend in outsourcing in the last 20 years.

Abraham and Taylor (1993) distinguish three broad theoretical considerations for
outsourcing, namely savings on wage and benefit payments, transfer of demand uncer-
tainty to the outside contractor, and access to specialized skills and inputs that the firm
cannot afford itself. Wage and benefit savings can be achieved if activities can be
contracted out to firms that offer less generous wages. The payment of high wages

relative to outside contractors may be due to the presence of trade unions or efficiency
wage considerations that play no role for the outside contractor. This kind of reasoning is
especially relevant and interesting for high-wage firms that have good reasons for paying

high  wages  to  its core workers  and  at  the  same  time  (e.g., for reasons  of rent sharing  or

fairness/equity) have no opportunity to pursue a different compensation strategy to the
other workers.2 This would suggest outsourcing of peripheral, low skill tasks by high
wage firms. Feenstra and Hanson (1995) argue that outsourcing of this type is an
important phenomenon that can contribute to the explanation of the widening wage gap in
the US and the reduction of employment for unskilled workers. Transferring demand
uncertainty as an incentive for contracting out can be relevant given the willingness of
firms to smooth the work load of its regular work force. Required for profitability of
outsourcing here is that the contractor supplies to firms that are (somewhat) unevenly hit

1 Empirical evidence has convincingly established that firms that pay high wage to workers in some
occupations  also pay (relatively) high wages to workers in other occupations   (e.g.,   Blau (1977), Dickens
and Katz (1987), and Dell'Aringa and Lucifora (1990)).
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by negative demand shocks. Contracting out in order to acquire specialized equipment or
skills is especially relevant when economies of scale are involved in the supply of these

production factors.

In an empirical study, based on establishment level data, Abraham and Taylor
(1993) provide evidence that a combination of the three reasons discussed before is
reflected in the decision to contract out (the analysis was restricted to manufacturing

industries). Two specific reasons are advanced   for the observed increase in contracting
out activities in recent years. The first is the increasing gap between labour costs at
contracting firms and the market price of labour available to perform a particular task.

Secondly, there may have been an increase in the comparative advantage of specialized
service establishments due to (i) increased demand (and greater potential to achieve

economies of scale by spreading fixed costs over larger output and reducing the price)

and (ii) improvements in communications infrastructure, allowing greater specialization
and realization of greater economies of scale. The last two factors will turn out to be
crucial elements in our theoretical model in the decision for firms to contract out.

The importance of outsourcing for understanding the recovery of productivity in
US    manufacturing is stressed   by    Ten   Raa and Wolff   (1996).    They    find that imputing

material inputs embodied in services purchased by the manufacturing industry reduces the

measured Total Factor Productivity (TFP) growth by one quarter. Furthermore, they
show that there is a strong negative correlation between TFP growth in manufacturing on

the one hand and TFP growth in those parts of the service sector that supply to manufac-

turing. One may conclude from this evidence that outsourcing was partly responsible for

the recovery of manufacturing productivity and that manufacturing has been successful at

externalizing those activities that are characterized by sluggish productivity growth.3 A
similar kind of argument is made by Siegel and Griliches (1992). They argue that the
observed increase in TFP in manufacturing in the US between 1979 and 1987 is partly
due to mismeasurement resulting from (1) outsourcing, (2) import of materials from
foreign establishments, and (3) an increase in the rate of investment in computers. The

result is that deflators for capital and materials are overstated and growth of inputs is

underestimated leading to an overestimation of measured TFP growth in manufacturing.

'    Posmer (1990) gives an interesting account of the problems that are involved when measuring tile
extent to which contracting out is a real phenomenon. Based on a Canadian survey, he reaches the conclu-
sion that the growth rate of labour input that produces services is probably overestimated by official statis-
tics due to inappropriate measurement of an increasing importance of contracting out.
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Krugman  (1997,  p. 127) states  all  this as follows:   ' . . . much business restructuring  does

not eliminate jobs; it merely outsources them from large corporations that pay high wages
to smaller suppliers that often pay less. From the point of view of the restructured
company, it may seem as if the same work is being done with far fewer people; from the
point of view of the economy as a whole, output per worker may not have increased

much,  if at all.'
The study of Abraham and Taylor confines attention to the benefits of outsourcing

at the level of the firm. However, costs are involved as well, and it is these costs that are
central in the transaction cost literature. In this literature, a microanalytic approach is
taken to the study of economic organization with a focus on transactions and the efforts of
organizations to economize on these (Williamson (1985 and 1998)). Taking this perspec-
tive, outsourcing can be seen as a reorganizational effort aimed at a reduction of
transaction costs defined in a broad sense, taking into account the comparative costs of
planning, adapting and monitoring task completion under alternative governance sti-llc-
tures. Much attention in this literature is paid to vertical integration by firms as a means
of economizing on transaction costs (e.g., Williamson (1985, chapters  4  and 5), Chandler
(1990), and Lazonick (1991)). Stated crudely, vertical integration can be seen as a
business strategy opposite to that of outsourcing ('vertical disintegration' in terms of
Stigler (1951)). Crucial elements in a firm's decision to vertically integrate are the

importance of economies of scale and scope and governance cost differences under the
alternative regimes of in-house provision and market mediation. The principal factor to
which appeal is made is that of asset specificity. The argument runs as follows. With low
asset specificity, the governance cost of mediation by the market is low relative to that of
in-house provision (as there is a low degree of bilateral dependency when asset specificity
is limited and the market restrains bureaucratic distortions more effectively, market
mediation is relatively advantageous; see Williamson  (1985),   for an extensive justification
for this argument). Furthermore, economies of scale to be gained by a single supplier
operating on the market are potentially large when asset specificity is low. For these

reasons, vertical integration is unlikely     to be profitable     with low asset specificity.
However, as asset specificity increases, the bureaucratic costs of internal governance
decrease relative to those of market mediation due to increased bilateral dependency,

increased costs of control, and the need of signing detailed contracts which are limited in
adaptability respects. In addition, the benefits    to be gained from economies of scale



The Macroeconomic Consequences of Outsourcing 217

decrease as assets become more specific to the firm in question. Still another reason

under high asset specificity is that the large market power of the supplier of the special-

ized asset may result in a relatively high price for the asset: As a consequence, internal

governance becomes more and more attractive when asset specificity increases and

ultimately becomes the preferred mode of governance resulting in vertical integration (in
the terminology of this chapter, we can label this as 'insourcing'). A passage from
Chandler  (1990,  p. 38) clearly illustrates  all the above mentioned aspects:   ' . . .a s  long  as

such [ vertical ] integration did not directly increase economies of scale or scope, as long
as alternate sources of supply were available at reasonable price, and as long as legal and
personal ties and relationships helped to assure the fulfilment of contractual arrangements,
manufacturers usually preferred to buy their supplies rather than invest in and manage the

production of those supplies. If the investment was not made to reduce the cost of
transaction risks, it might be made merely as a profitable portfolio investment. But most
manufacturers preferred other routes to growth...'  (p.  38).

The elements pointed at in the transaction cost literature will recur in a stylized
way in the analysis of the model to be developed in this chapter. We will try to interpret
some examples discussed in the transaction cost literature in terms of our model (section
8.4).    The main deviation   from the transaction cost literature    with its focus on partial
microeconomic analysis is that we put some of its elements in a general equilibrium

model of endogenous growth in order to be able to study the macroeconomic conse-

quences of outsourcing    as a business strategy. Although    we    lose    some    of    the    rich

descriptive elements present in the transaction cost literature, we think this approach of
formalizing some of the ideas in the transaction cost literature within a general equilib-

rium model yields some interesting new insights in the macroeconomic consequences of

outsourcing. We define outsourcing as vertical disintegration of production (i.e., buying
indirect inputs on the market instead of producing them internally). The primary motive
for outsourcing will be that it can give rise to exploiting economies of scale present in the

production of the indirect inputs. We will develop a model that allows us to analyze under

what conditions outsourcing will be a profitable strategy, abstracting from strategic
considerations in the decision whether or not to engage in outsourcing. The model will be

4    Avoiding the problem of double marginalization is often used as an argument for vertical integra-
tion  in the literature on Industrial Organization (e.g., Tirole  (1988), and Viscusi, Vernon, and Harrington
(1995)). Other vertical restrictions considered in this literature are, for example, resale price maintenance,
exclusive dealing and tying. These restrictions are known  to be potentially  in the interest  of society.
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characterized by two equilibria; one in which all firms contract out (market mediation),
and   one in which all firms engage   in self provision (internal governance). Having
established if, for what reason, and under what conditions a firm engages in outsourcing,
we will analyze the macroeconomic consequences (more specifically for the rate of
growth and product diversity) and address the question whether outsourcing, when it
occurs, is socially desirable. Due to the presence of two externalities, private profitability
and social desirability of outsourcing do not coincide in general. Differences in govern-
ance costs and transaction costs in the two respective regimes may drive a wedge between
the two.

This chapter will proceed as follows. In section 8.2 we will discuss the complete
model and present the two equilibria that characterize the model. The welfare characteris-
ties of the model will be the topic of discussion in section 8.3. In this section, we will
derive which of the two equilibria will prevail and whether the prevailing equilibrium is

socially desirable. We will discuss two externalities that can drive a wedge between

private profitability and social desirability. Section  8.4 will present  some real world
examples extensively analyzed in the transaction cost literature and discuss and interpret
these in the light of the specific model developed in this chapter. In section 8.5, we will
briefly deal with some potential extensions of the model. Section 8.6 concludes.

8.2 The model

We have an economy with N firms. Each firm produces a (unique) differentiated

consumption good. These goods form imperfect substitutes so each firm has some
monopoly power. Producers compete monopolistically A la Chamberlin. Free entry and/or
exit of firms guarantees that, in equilibrium, firms make zero-profits (this assumption
determines the number of differentiated products).   The only factor of production is labour

(L).    Labour is homogeneous and supplied inelastically. There    is no growth in labour

supply.    The   cost of producing the consumption good consist   of four parts. There    is   a

direct wage cost resulting from the direct cost of production. This cost results from the
primary or core activities of the firm (all those costs related to the manufacturing process

itself). Secondly, there are indirect costs. These indirect costs result from the support or
non-core activities  of  the  firm (e.g., accounting, cleaning, janitorial, maintenance,  and



The Macroeconomic Consequences of Outsourcing 219

repair services).    The   firm can employ direct labour to perform these activities   or   it   can

engage in 'outsourcing'.  In the latter  case,  the  firm  buys  the  good  on the market place

from a monopolist with access to a superior fixed cost technology (compare to Matsu-
yama (1995)). Thirdly, a fixed cost has to be incurred before being able to produce

(management labour).   In the spirit   of the transaction cost literature,   this  cost will depend

on the adopted  mode of governance  (i.e., on whether the firm engages in outsourcing  or
sticks to internal provision of the good or service in question). Finally, firms engage in

research by employing R&D labour. Research will result in increased total factor
productivity and forms the 'engine of growth' in the model.

This section will in turn discuss household behaviour, producer behaviour, and the

equilibria in which the firm produces the good internally and engages in outsourcing,

respectively. Finally, we will determine which equilibrium will prevail. We will compare
the growth rates, firm size, and product diversity in the two respective regimes.

8.2.1 Household behaviour

A representative infinitely lived consumer maximizes his intertemporal utility subject to a

dynamic budget constraint

- (1_P
max U= :f- e -°'dt   s.t.   A,  =  r , + 54 + TEY- Crl'cy,                         Cl)

01_p
where C is a consumption index, 1/p is the intertemporal elasticity of substitution. e the
subjective discount rate, A wealth, r the interest rate, w the wage rate, 1ry are profits
made in the sector that potentially supplies the producers of the consumption goods with

their support activities,5 and Pc the price index corresponding to the composite of
consumption goods. In the remainder of this chapter, we assume the intertemporal

elasticity of substitution to be smaller  than  one  (p > 1). Optimization yields the Ramsey

5    Profits in the consumption goods sector are 'by definition' equal to zero because of the free entry
and exit assumption so we may omit these profits in the dynamic budget constraint. In the equilibrium in
which the support activities are performed internally, the sector providing these activities is not operating
and hence Ty= 0
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rule (a dot above a variable represents a derivative with respect to time, so 0,- dC/dt)

S  =  rt- ta| Pa-8,                                                                                                   (1)
C,           P

according to which consumers accept a steeper consumption profile the larger the
difference between the  real  rate of interest  (r - Pc /Pc)  and the subjective discount rate,
and/or the larger the intertemporal elasticity of substitution  (1/p). The composite  good   C
is composed out of varieties of consumption goods. We assume that consumers have a
love for variety.     In the second    step of their optimization consumers maximize    the
consumption index C subject to a static budget constraint

  N e-111  N
C  -  Na   1 E c,-71.        s.t.    Ec,p«  3  C,Pe,

(3)

Ltv i.1 i=1

where c, is the consumed quantity of the consumption good of variety i. Consumption
goods of different types are imperfect substitutes   (8 >  1). The parameter a captures   the
preference for diversity which is, contrary to Dixit and Stiglitz (1977), explicitly
distinguished from the elasticity of substitution between any pair of consumption goods (in
the case considered by Dixit and Stiglitz, the parameter capturing taste for diversity
equals 6/[6-1]). We assume a to be larger than one. The consumption index C can then,
under symmetry, be written  as C=N'4(Nc) Under the assumption  of  a> 1, consumers
prefer of two equally sized bundles, (Nc)1=(Nc)2, the one with the largest variety (Al). We
refer to Benassy (1996), Broer and Heijdra (1996), and De Groot and Nahuis (1997) for
an extensive discussion of this way of modelling taste for diversity (and its consequences

for welfare analysis). Optimization yields a downward sloping demand curve    for    a

consumption good of variety i

/                       \ -2
N El

pdE ci  8                                                                                                             (4)
i=1

Cl =
\/C
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8.2.2 Producer behaviour

Each of the N active firms in the economy aims at maximizing its present discounted

value by producing and selling a unique brand of a consumption good. Production
requires direct labour   (4,) and support activities (y,). Total factor productivity   is   hi.   We

assume that production takes place with a Leontief production technology (there are no
substitution possibilities between the inputs)

F     y,1

5   -   hi„'in'L«,   aj.                                                                                  
                                                                        (5)

The  parameter a measures the input of support activities  per  unit of labour input  OLD.   An

alternative way of conceiving this production process is to formulate the 'core business'

of the firm resulting in the production of the differentiated consumption good as

Ct  = hi'Ld, (5a)

where, in order to produce this output, an additional (indirect) input y is required that

equals

Yi - aLci, (5b)

according to which this additional input requirement is directly related to the scale of

operation  of the  firm  (4)
Following Smulders and Van de Klundert (1995), we assume that knowledge (total

factor productivity) has important firm specific elements (i.e., knowledge is tacit). Firms

can increase productivity by employing labour for R&D activities. The productivity of
R&D labour increases with knowledge accumulated in the past

hi=  thA.                                                                                                (6)

In this specification, hi represents total factor productivity,    4 is labour employed    in

R&D, and 6 is a productivity parameter. Note that knowledge is completely internal to

the firm. There are thus no externalities resulting from inter-firm knowledge spill-overs.

This is important for our welfare analysis, which is to follow in section 8.3, since it
allows us to focus on the crucial externalities we want to focus on in the context of the



222 Chapter 8

decision to engage in outsourcing. Growth in this model is endogenous as the reproduc-
ible factor h can be accumulated with constant returns to scale with respect to the itself.

Finally, in each period, each producer of the consumption good has to employ an
amount of management labour (a traditional fixed cost) before being able to produce
(equal to Lm). This fixed cost will (potentially) differ between the two modes of govern-
ance. An assumption we make in the subsequent analysis is that in deciding which mode
of governance to adopt, firms do not take into account the consequence of this choice for
the management cost. In other words, firms decide whether or not to engage in outsour-
cing completely on the basis of cost-considerations related to the potentially outsourced
product. We relax this assumption in Appendix C where we solve the model in case
producers of the consumption goods do take into account the consequences of their
decision to engage in outsourcing for the management cost.6 The basic results we will
derive in the main text are not altered by the relaxation of this assumption.

We are now able to derive the two equilibria that we can distinguish in this model

(i.e., the equilibrium with internal provision  of the support activities  and the equilibrium
with outsourcing). Characterization of these equilibria  will  be the topic of section  8.2.2.1
and 8.2.2.2, respectively. In section 8.2.2.3 we will compare the equilibria and determine
which equilibrium will prevail.  We will indicate the equilibria by an index j which equals

I when the firm provides the support activity internally, and 0 when it engages in

outsourcing.

6 Something similar (though in a completely different context) is done in Dluhosch (1997). In this
paper, a partial equilibrium model is developed to study the effects of increased openness on the technologi-
cal structure of a firm. In this model firms can control the extent to which they use specialized components
and the extent to which they buy goods at a low price abroad. In both cases a trade-off is involved. Using
more specialized components increases labour productivity but also increases fixed (scale independent) costs.
Similarly, outsourcing reduces the costs of the inputs as they are cheaper abroad, but increases fixed costs.
Outweighing these costs and benefits determines the equilibrium of the model.
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8.2.2.1   Equilibrium with  internal  provision  of  the  support  activities

In the equilibrium with internal provision  of the support activity   (y,), this activity   is
produced with labour (Li,), according to a constant returns to scale technology

Y,  = Ly,·                                                                                            (7)

Producers   aim at maximizing their present discounted value. Their optimization problem
is

-

 fix  f<cp«  -  (Ld + Ly, + L„ + L.:)W  e-"dt.                                                                                               (8)

& %0

subject to (4), (5), and (6). Standard dynamic optimization of the current value

Hamiltonian yields the following first order conditions:

 =p h.<1 -11 -w(1 +a)  = 0   -   Pa. = e w(1 +a)
8Ld     ,< s) e -1      hi

(9)

according to which firms put a mark-up of 8/(8-1) over unit wage-costs  (w[1 +a]/h),

8H-  = PMEht-W  = 0   -   ph,Ehi  - w, (10)

aLn·

according to which firms change the number of R&D workers Until the marginal benefit

of the last worker (Ephh) equals its marginal cost (w), where Ph is the shadow price

corresponding to knowledge, and

 =D,L  .<1  - 1,1+ PhiEL,i = 'PA,-16   -   r= 6  + Ld
Pc, 8 -1 + ELn, (11)

ab*  c ac  81                  pu   pw g

which is the no-arbitrage condition. This condition states that investing an amount Ph in
the financial market at rate r should yield the same return as investing in knowledge

capital which yields a capital gain, an increase in production, and an increase in the

knowledge base. The model is closed by imposing a zero profit condition, stating that
entry or exit occurs until profits in the consumption goods sector equal zero

cipci  =  (Lci + Lyl + Lii. + L )w, (12)
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and a labour market constraint

N

L -  (L,i,L„ + L« + L }. (13)

Assuming symmetry between firms, we can drop firm indices, and solve for the steady
state  of the model taking  the  wage  rate as numdraire  (w=1).   This  yields the steady state
rate of growth (see Appendix A)

gz
a

S =  'N'ILL - 1,1,)1·                                          (14)

and the equilibrium number of firms and the number of production workers (see Appen-

dix A)7

LE(p-g) and L; =                         (15)(e-1)1((p-1),C - 0]

I<(p -1)LL - 0], <(p-g)(1 +a)

An important notion that will recur in the analysis of the model to follow is that the
growth rate positively depends on the traditional management cost, and that the equilib-
rium number of firms negatively depends on this management cost. As management costs

increase, the room for firms with non-negative profits becomes smaller (the equilibrium
number of firms declines). As a consequence, each individual firm becomes larger in size
and its market share increases. This increased market share increases the incentive for
firms to engage in R&D as each firm can now spread its (quasi) fixed R&D cost over a
larger output. The growth rate will consequently increase. Another characteristic of the
model  is that macroeconomic production of non-core activities (N'aL/=(6-1)aL/[6(1 +a)])
is independent of the fixed management cost. An increase in the management cost leads to
an increase in firm size and to an equiproportionate decrease in the number of firms. The
macroeconomic demand for non-core activities is positively related to the mark-up. This
is explained since a low mark-up leaves limited room for firms with non-negative profits.
The macroeconomic employment of management labour (N'Lm') consequently  goes  down,
leaving more room for productive activities.

    Stability of the equilibrium with a positive growth rate requires the following restriction on the
parameters:  (p-1) >(6-1) > 8/EL '.
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8.2.2.2 Equilibrium with outsourcing of the support activities

In the equilibrium with outsourcing, a monopolist has access to a superior fixed cost
technology and can produce the support activities, using labour (Ly), according to

Y   =   6 (Ly  - F). (16)

In a symmetric equilibrium, the output of the monopolist (Y) equals the demand from the
producers of the consumption goods (N>,). The superiority of the production technology is
reflected   in the assumption   we   make   that   6>1. The fixed cost (expressed in units   of

labour) equals F. This fixed cost can in part be seen as a cost that has to be incurred each
period by the monopolist to establish and maintain a relation with its customers (the users

of the non-core activities),8 and in part as the cost of acquiring and using the superior
technology. For outsourcing to take place, it has to be mutually beneficial. This means

that the price of the non-core activity should be sufficiently low for the producer of
consumption goods, while it should be sufficiently large for the monopolist to make it
possible for him to earn a profit. More specifically, these conditions imply that the
monopolist will engage in limit pricing,9 charging a price of the support activity that will
be   equal   to   w (the unit-cost   of a support activity when produced internally). Pricing   by

the monopolist of the non-core activity slightly below this unit cost makes it profitable for
the producer of the consumption good to engage in outsourcing, and hence it will take the
decision  to  do  so.'0 The optimization problem  for the producer of consumption goods

8    See for example Kelley (1997) for a model in which the monopolist can explicitly invest in estab-
lishing a relation with customers and thereby enlarge the market it can supply. Similar considerations could
be  built  in our model, but would significantly complicate the analysis without adding  to the basic insights.

9    We formally show in Appendix A that it is indeed optimal for the monopolist to charge as high a
price as possible, and thus to engage in limit pricing. In Appendix C, we will derive the limit price under
the (alternative) assumption that the producers of consumption goods do take into account the consequences
of their decision to engage in outsourcing for the amount of management labour they need (LJ

I0 Of course, there are more considerations to this decision not taken into account in this model for
reasons of simplicity, like considerations of increased uncertainty or reduced quality of the non-core activ-
ities once a firm engages in outsourcing. Such extensions are interesting but beyond the scope of the current
chapter.
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now looks like

e.

maxitc,po - (Ld- L„+ Lbw - y,PAe-"dt, (17)

Ld.L: 0

subject to (4), (5), (6), and (16).
Standard dynamic optimization of the current value Hamiltonian yields the

following first order conditions:

aH s  W+apy
BL    = h,pci<l - .  -w -pya  =0   -  pci  =  g-1      /4      '                  (18)

Ci

BH
-   -  Phi E h i -W  =  0    -    phi E h i   - w, (19)
8Lri

BH=Lc,Poi l --1. +PA,ELA=rpbi-At - r= &+Lci Pcte-1 +ELd.  (20)
ah 1   83                    PM    PMS

It is important to note here that, given the limit-pricing behaviour of the monopolist, the
cost structure in this regime is exactly the same as in the regime with internal provision.
The model is closed by imposing a zero profit condition, stating that entry or exit occurs

as long as profits are unequal to zero

c,Pct=  U.c,+ Ln + Lbw + y,py, (21)

and a labour market constraint

N

L  =  I (L,i + L„  + L )  + LY. (22)

i=l
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The steady state rate of growth can now be obtained as (see Appendix A) 11

go  .   6(e - 1) '2 -  <(0_1)1·                                                                                (23)
P-8

The equilibrium number of firms and the equilibrium number of production workers per

firm equals (see Appendix A)

CL -F) 6 E (p - e)(1 +apy) n   (8-1)IE(p-1)L -01No- and Lc-
=

. (24)

Ia(£ -1 +6py)+6£] I<(p -1)L,2 - 0] g(p-e)(1+apy)

Again, the macroeconomic demand for non-core activities  (N 040)  is not affected  by  the
fixed management cost.

8.2.2.3 Comparison of the two regimes and equilibrium selection

In this section, we will compare the macroeconomic characteristics of the two respective
equilibria  (i.e.,  we will compare product diversity,  firm  size, the volume of production
and  the  rate of growth).  Then  we will derive which equilibrium will prevail  (i.e.,  for
which non-core/support activities  it is profitable for firms to engage in outsourcing).

The growth rates (equations (14) and (23)) are different to the extent that there are
differences   in the traditional fixed cost (management  cost). If these costs are larger   in  the
regime in which outsourcing occurs, the room for firms with non-negative profits
decreases, market shares of remaining firms increase, the incentive to engage in R&D
increases, and hence the rate of growth will be larger (and the other way around).

Comparing product diversity (as measured by N; see equations (15) and (24)) in
the two equilibria boils down to

N/>NO  iff              >                           ·      (25)L                     (L-F)(1+a)ae

[£(p-1)L -01   [a(£-1+6)+6£]I<(p-1)Lmo-0]

The relative number of firms in the two regimes depends on the relative amount of

"     Stability of the equilibrium with a positive growth rate requires the following restriction on the par-
ameters:  (p-1) > (8-1) > 8/EL,„0.
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management labour needed and the superiority of the fixed cost technology of the
monopolist.12    The more management labour is needed     in the regime with internal
provision relative to the regime with outsourcing, the lower will be the relative number of
firms in the regime with internal provision. As management costs are larger, there will be
less room for firms with non-negative profits. The fixed cost technology will be more
superior, the lower the associated fixed cost (F), the larger the superiority of productivity
(6), and the larger the intensity with which non-core activities are used (a) as this allows
to spread the fixed cost of the superior technology over a larger output. As the fixed cost
technology becomes more superior, less labour is required for producing support

activities, leaving more labour for the production of consumption goods, resulting in a
larger diversity of these goods.

Outsourcing will be a feasible strategy if profits for the monopolist supplying the
support activities are positive  at the limit price  (py=w). This condition boils  down  to

(using equation (24))

xy =p,Noyo-wLy = w NoaLco<-8 -1 -F  k O- In(e -1)(6-1) 1 Fed(1+a).

(26)

Producing Noyo internally would require jV aL.(0 units of labour. Outsourcing is in other
words feasible (and will thus occur) if the labour requirement by the monopolist (Ly) is
smaller than the amount of labour required for the same production volume under in-
house provision. Note that in the specific case in which L„f =L:, the condition for
outsourcing to be profitable coincides with the condition for the number of firms to be
larger under outsourcing than under internal provision (see the condition derived in
equation (25)). In this case, firm size with respect to core activities (4+L,+Lm) is equal

in the two regimes. We know that outsourcing is profitable if less labour is required for
the production of a certain amount of non-core activities by the monopolist than would be

required if firms would engage in self-provision. So if outsourcing is profitable, more
firms can be sustained in the equilibrium with outsourcing than with internal provision,
since more (direct) labour remains for productive purposes. In more general cases in

12    Subtracting the solution for the number of firms under outsourcing (equation (24)) from the solution
for the number of firms under in-house provision (equation (15)), and taking derivatives, it can be verified
that d(N' -N )/dL: <0, d(N' -N5/dL-0>0, d(N' -NSIdF>O, d(N' -N'5/da<0, and d(N' -Nhld&<0.
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which Lm'#Lm', we can show that the monopolist will be indifferent about providing the
non-core activity  (i.e.,  7ry=O)  in the specific  case in which the macroeconomic demand

for non-core activities is equal in the two equilibria, which holds ifi)

No  =  N'al·c'   -         EL(p - c) (27)

aL,o      £Iup-1)L -01

We can interpret this condition as the minimum number of firms that has to be sustained

in the equilibrium with outsourcing for outsourcing to be a profitable strategy for the
monopolist (given the limit-price    he can maximally charge).     We will recur    to     this

condition for outsourcing to be profitable in section 8.3.

We can thus conclude that outsourcing is more likely to occur the larger the scale

of the economy (L), the smaller the fixed cost of the superior technology (F), the larger

the   productivity   of the superior technology    (6),    the   larger the demand   for the support

activity   (a),   and the larger the elasticity of substitution  (E); see equation   (26). In other

words, outsourcing will occur if the fixed cost technology is sufficiently superior, if the
scale of the economy is large so that the (additional) fixed cost of the superior technology
can easily be spread over large output (the degree of specialization is limited by the size
of the market), and if consumption goods are close substitutes. This last result can be
understood as close substitutability between consumption goods implies strong competition
and a relatively small number of firms. There will consequently be much labour left for
productive purposes as the amount of labour required for management activities (AL„) is
relatively small. The demand for support activities will consequently be relatively large
and the profitability for the monopolist with access to the superior technology increases.

Competition thus fosters outsourcing.14 Note that the management requirement does not

enter in the condition for outsourcing to be profitable (see equation (26)). The reason is

that an increase in the management cost leads to an equiproportionate decrease in the firm

size. The macroeconomic demand for non-core activities is hence left unaffected, which is

13   Using the solutions for Nj and L,/, we can derive a condition for which macroeconomic demand is
equal   in  the two regimes. This condition boils  down to La(E-1)(6-1)=F£8(l ta). This condition is equal  to
the condition 4=0.

14   A similar result is derived in a trade model by Dluhosch (1997). Trade is argued to enhance com-
petition and thereby increase the scale of firms and increase the incentive to save on production costs. This
is shown to result in an increased slicing of the value chain and an increase in outsourcing.
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what the monopolist supplying the non-core activities is interested in.
In this section. we have seen how the two equilibria that we can distinguish in this

model look like and we have established which equilibrium will prevail in the market. In
the next section,   we  will   look  at the welfare characteristics  of the equilibria  of this model.
We will derive whether the prevailing equilibrium in the market economy is desirable
from a social point of view.

8.3 Outsourcing and welfare; Growth versus product diversity

In this section, we will determine the welfare characteristics of the model in order to see
whether outsourcing is socially desirable in cases where it is privately profitable. We will
show that there are two externalities present in this model that may drive a wedge

between private profitability and social desirability. 15 The first   is   that the monopolist   in
deciding whether or not to supply the non-core activities does not take into account the
effect   of its decision   on the product diversity. Similarly, the individual firm producing
consumption goods does not take into account this effect when deciding whether or not to
engage in outsourcing. Secondly, the monopolist   does    not    take into account    that    its

decision to start operating affects the internal organization of the firm producing con-
sumption goods and thereby affects its incentive to engage in R&D. We will show that in
one specific case, these two externalities exactly cancel and the market always yields the
socially desirable decision. In this case, the market (unintentionally) makes the 'correct'
tradeoff between growth and variety. This result can, however, not be generalized. The
market may result in outsourcing while it is not socially desirable, and the other way
around. This section proceeds by deriving and comparing welfare in the two regimes in
section   8.3.1. In section   8.3.2   we will compare the conditions for outsourcing   to   be

feasible   with the conditions for outsourcing   to be socially desirable. The market generally

does not make the socially optimal trade-off between growth and product diversity when
outsourcing is to be considered by firms. We will proceed by discussing the comparative
statics    of the model in somewhat more detail, focusing    on the effects of gradually

15   Due to limit-pricing by the monopolist, there is no effect of a firms' decision to Start outsourcing
on the internal cost structure of the firm (the cost of one unit of indirect input is equal to the wage rate in
both regimes). This holds although a firms' decision to engage in outsourcing decreases the average cost of
producing the indirect input by the monopolist.
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declining transaction costs.

8.3.1 Welfare in the two regimes

In order to make a welfare evaluation of the social desirability of outsourcing, we need to
compare the present discounted utility of the representative household in the two equilib-
ria of the model. We recall from section  8.2.1  that the present discounted utility equals

- El_p
uo=    f -Le -Btdt. (28)

0 1_ 

Substituting equation (5a) into equation (3) and using the fact that the allocation of labour

and the growth  rate are constant  over  time  (in the steady state), we derive

C = N°c,= N°h es'Le (29)

where ho is the initial productivity level at time t=0 (which subsequently grows at a

constant rate g). We can thus derive the present discounted value of utility as

U . i IN.3.1.-p
e[(1_pk-elidt.                                             (30)

Integrating this expression finally yields

1

UO= (31)

(p - 1) [g(p - 1) + 0][N°-lho(NL)]P-1

The present discounted utility of consumers is essentially determined by three factors

(independent of the prevailing regime). The rate of growth has a positive effect on utility.
Secondly, product diversity positively affects utility (captured  by  the  term  N'-').  This  is

due  to the diversity effect in consumer preferences  (a> 1). Finally, utility is positively
affected    by the produced volume of consumption goods (basically captured    by    NLD·

Given our previous discussion of the characteristics of the model, it will be evident that

there are two trade-offs involved here. Research labour goes at the expense of production

labour, while product diversity goes at the expense of both growth and the production

volume.
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To compare welfare in the two distinguished regimes, we look at the difference
between utility in the two regimes 16

1-
- -1

sgn. (Uo-UP  = sgn.   <(p-1)Lf -0-oct,-1,     _ [L[a(£-1+6)+6£]1 I    (32)

 - 4(p-1)L -0 L (L-/)(1+0)6 x ] |
The desirability of outsourcing increases with the superiority of the fixed cost technology
(the fixed cost technology is more superior the larger 6, a, and L, and the smaller F).17
A larger elasticity of substitution increases the desirability of outsourcing as close

substitutability between consumption goods implies strong competition, and a relatively
small number of firms. There will consequently be much labour left for productive
purposes as the amount of labour required for management activities (AL„) is relatively
small. The demand for support activities will consequently be relatively large, increasing
the desirability of exploiting the economies of scale to be gained by using the superior
technology. The effect    of the (relative) management    cost    in the respective modes    of
governance (Lmo/Lm' ) on the desirability of outsourcing depends on the strength of the
taste for diversity (a) relative    to the intertemporal elasticity of substitution   (1/p).    To
understand this, we have to keep in mind that our model is characterized by a trade off
between growth and product variety. The economy is characterized by either few large
firms with high market shares and huge incentives to engage in R&D, or by many small
firms with small market shares and limited incentives to perform R&D activities.    We
have seen in section 8.2 that large management costs result in small product diversity,
large market shares for firms, and an accompanied large incentive to engage in R&D.
Now suppose that the regime switch from internal provision to outsourcing is accom-

panied  by a decrease in management costs (see sections  8.1  and  8.4  for a discussion  on
governance costs that depend   on the adopted  mode of governance). Outsourcing   will   then

16 Using equation (31), we derive

sgn.(U o -UP=  sgn.< -1                        1

C [go(p-1) +81[(N°)"L,0]0-1    [g'(p-1)+0][(N')"Lilp-1 

Substituting the expressions for g3, N , and Ll from equations (14), (15), (23), and (24) and rewriting yields
equation (32).

17 These results follow from taking first order derivatives  of  U o-U # with respect   to the parameters
under consideration.
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be accompanied by an increase in product diversity and a decrease in the rate of growth.
The   lower the relative management   cost   (L,„0/L„/  ) the stronger this effect   will   be.    The

desirability of outsourcing will hence be positively affected by a decrease in relative
management cost if the taste for diversity is strong relative to the intertemporal elasticity
of substitution. If the taste for diversity is weak relative to the intertemporal elasticity of
substitution, a decrease in the relative management cost will decrease the likeliness that
utility in the regime with outsourcing is larger than with internal provision. In the
intermediate case, where a=p/(p-1), the growth and diversity effect on utility exactly
cancel. The increased likeliness that outsourcing is socially desirable  due to larger growth
is exactly offset by its decreased likeliness due to lower variety. Relative utility is hence

not affected by relative management costs in this specific case.18

8.3.2 Profitability vs. desirability of outsourcing: the case of declining transaction costs

In the previous sections   we have studied the feasibility of outsourcing (section  8.2.2.3),
and we made a welfare comparison between the two equilibria of the model (section
8.3.1).  Outsourcing is feasible and was argued to occur  if it is mutually beneficial  for  the
monopolist with access to the superior production technology to start producing support
activities  (i.e.,  Iry> 0; see equation  (26)),  and  for the producer of consumption goods  to

buy non-core activities   on the market  (py< w). Outsourcing is desirable   from a social

point of view if the present discounted value of utility is higher in the regime with
outsourcing  than  in the regime with in-house provision  (i.e.,   IP> U'  or  sgn.(9-U')>0;

see  equation  (32)).
In this section, we will analyze whether outsourcing is privately profitable if it is

socially desirable   (and the other way around). The coincidence of private profitability  and
social desirability   will   turn   out  not   to   hold in general. In order to illustrate this proposi-

tion and to gain more insight in the working of the model, we now turn to an example.

More   specifically,   we   will   look  at  the  effects  of a gradual decline in transaction costs   for

18 Mathematically, these results follow from considering the power in equation  (32).   If  a >p/(p-1),
this  power is negative and hence d(Ip-L' )/d(L,„4Lm')< 0.   If  a=p/(p-1), this power is equal  to  zero  and
d(Uo-U )ld(L:iL:)=0.
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the desirability and profitability of outsourcing. This will be done under various parame-

ter constellations. It will turn out that changing transaction costs are potentially important
in explaining shifts from a regime with in-house provision to outsourcing. In intermediate

cases, outsourcing may be socially desirable but not profitable for the monopolist
performing the non-core activity with a superior fixed cost technology (and the other way

around). In other words, the externalities in the model may result in socially undesirable
decisions by individual firms with regard to outsourcing.

We introduce transaction- or transportation costs by splitting the parameter 6 into
two parts (see equation (16)). One part reflects the purely technical productivity advantage

of the monopolist (6' which is larger than one). The other part reflects the fact that only a

fraction (1-0 of the produced amount of the support activity can effectively be used by the
producer of the consumption good (when conceiving t as a pure transportation cost of the
iceberg-type, one can imagine that a fraction t of the shipped production is 'lost' during
transportation). The parameter  6 then equals (1-06' Declining transaction- or transporta-

tion  costs  are thus reflected  in an increase  in the parameter  6.19

To look at the effects of declining transaction costs in this model, we will rely on
a graphical method. As we are mainly interested in the effect on profitability and social

desirability of (i) changing transaction costs and (ii) changes in the management require-

ments of firms following a regime shift, we construct a 6-Lm'/L",1 diagram. In this
diagram, we can construct three loci representing combinations of parameters for which
7ry=0 (the PP-locus), for which N'=AP (the NN-locus),  and for which  U'= U' (the  DD-
locus), respectively. These loci are derived from the equations (25), (26) and (32).
Appendix B gives a mathematical representation and discussion of the position of the loci.
They are depicted in Figures 8. la-8.k. The PP-locus is vertical  in the 6-LmolL,„' diagram.

Irrespective of the management cost, there is exactly one value of 6 for which the
monopolist breaks even. At larger (smaller) values of 6, the monopolist makes profits

(losses). This result is caused   by   the   fact that changes in management costs resulting   in

19   Note that changes in transaction costs are in part already reflected in a difference in the manage-
ment requirement in the two regimes and in the presence of a fixed cost in the production technology of the
monopolist with access to the superior technology. However, the three parameters reflect different factors.
The parameter t comes closest to a real transportation cost for which location is one of the important consid-
erations, Differences in management requirements Lm reflect organizational consequences   o f the decision  to
start outsourcing. The fixed cost requirement F should be conceived as the cost of acquiring the superior
technology and acquiring relations with potential customers (e.g., Kelley  (1997)).
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changing firm sizes, lead to equiproportionate (and opposite) changes in the number of
firms. They consequently leave the macroeconomic demand for non-core activities
unaffected, which ultimately is the factor determining private profitability of outsourcing.
There is hence exactly one value for 6 for which the monopolist can exactly break even

(which is such that the equilibrium number of firms in the regime with outsourcing (A15
equals NiLc'/L,9; see the discussion in section 8.2.2.3).

The     NN-locus is upward sloping. An increase     in the relative management

requirement (Lmo/L„/) decreases, ceteris paribus, the relative number of firms  (M'/N' )
To offset this decrease, the superiority  of the fixed cost technology has to increase  (i.e.,  6
has to increase). To the right (left) of the NN-locus, AP is larger (smaller) than N'. With
respect to the DD-locus, we have to distinguish three cases. For large values of the taste

for diversity relative to the intertemporal elasticity of substitution, the DD-locus is
upward sloping (Figure  8.lc).20 To explain  this,  we  look  at a decline  in  6. This decline  in

6 makes consumers, ceteris paribus, worse off in the regime with outsourcing. To
compensate them in utility terms, NoIN' should increase relative to golg '. This follows
from the fact that consumers have a strong taste for diversity relative to their willingness

to substitute intertemporally (and thus to 'accept' a high rate of growth). This change will

come about, ceteris paribus,  if the relative management cost (L„,0/Lm' ) decreases  (see
section 8.2.2.3). Similarly, the DD-locus is downward sloping when the taste for
diversity is small relative to the intertemporal elasticity of substitution (Figure 8.lb). In
the intermediate case where a=p/(p-1), the DD-locus   is vertical (Figure   8. la).    This
results from the fact that, ceteris paribus, a change in relative management cost leaves

relative utility unaffected, as explained in section  8.3.1.  To the right  of the DD-loci,  at
relatively large values of 6, outsourcing is the socially preferred mode of governance,

while at low values of 6 internal provision is preferred.
We are now able to see whether private profitability and social desirability

coincide Looking at Figures 8. la-8.lc, it turns  out  that the market  will always yield  the

socially desirable outcome with respect to outsourcing in the cases where Lmo=Lm' and
a=p/(p-1).In the first case, outsourcing leaves the rate of growth unaffected. Outsour-

20   In the specific case considered by Dixit and Stiglitz (1977) we only need to consider one case,
namely  the case where  a=E/(E-1). As stability of the equilibria with positive growth rates requires  p > E,  it
holds that 8/(8-1) >p/(p-1).  We are thus in the situation where the taste for diversity is strong relative to the
willingness to smooth the consumption profile. This situation is depicted in Figure 8. lc.
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cing will hence be desirable if the equilibrium with outsourcing can sustain more firms.
This will exactly be the case if outsourcing is a profitable strategy. In the second case, the
partial effects on relative utility of a change in the relative management costs exactly
cancel. And hence outsourcing will be socially desirable if it is privately profitable. The
externalities resulting from changing growth and interest rates due to a shift from in-
house provision to outsourcing exactly cancel in this case.21 The market hence reflects
the socially desirable trade-off to be made in deciding whether or not to engage in

outsourcing.
In more general cases, social desirability and private profitability do not necessar-

ily coincide. Let us consider the case where taste for diversity is relatively small and
management costs are larger under in-house provision than with outsourcing (Figure

8. lb).  It then holds  that the growth  rate is smaller under outsourcing than under internal

provision of non-core activities. In the initial situation (point s) with a relatively large
transaction cost, firms provide their support activities internally, which is also the socially
preferred    mode of governance. As transaction costs decrease, the profitability    of   the

monopolist with access to the superior technology increases until he can just break even
(point p).  At that point,  he will start producing support activities and outsourcing  will
take place. Due to the lower management costs in the regime with outsourcing, this shift
in the mode of governance will be accompanied with a decrease in the rate of growth and
an    increase    in the number of firms. These effects    are not taken into account    by    the

monopolist, and from a social point of view there is excess entry. In region IV, the
outsourcing that takes place is socially undesirable. The market puts insufficient weight on
the negative consequences for consumers utility of the drop in the rate of growth in
making its decision to engage in outsourcing. As consumers have a relatively limited taste

for  diversity,   they are insufficiently compensated  for  the  drop  in  the  rate of growth  by  the

increase in product diversity. As the decline in transaction costs declines further and
product diversity increases to a sufficiently large extent (in region I), outsourcing

ultimately also becomes the socially preferred mode of governance (at point d).
Figure 8.1c describes the mirror image from Figure   8. lb. As transaction costs

drop, a region is passed (region III) in which outsourcing does not take place though it

21       Note  that  when L.0 <L , the number of firms  that  has  to be sustained in equilibrium for outsou-
rcing to be privately profitable is larger than the equilibrium number of firms in the regime with inhouse
provision (to guarantee equal macroeconornic demand for non-core activities at lrY=0).
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would be socially desirable. At point d, consumers would prefer the switch  to a regime  of
outsourcing and the accompanied increase in product diversity at the expense of a
somewhat lower growth rate (given their relatively strong taste for diversity).    At   this
point, the demand for support activities is however not yet sufficiently large to make the
use of the fixed cost technology profitable for the monopolist. To put it differently, in
region IV, the monopolist is not sufficiently rewarded from a social point of view for its
decision to start producing and selling non-core activities, and thereby, unintentionally,

increasing product diversity (which can be summarized as a problem of appropriability) .

8.4 Some applications

In this section, we will describe some real world examples of developments that can be
understood with the insights derived from the model in this chapter. We will describe the
examples and show how they can be reconciled with the model. In section 8.4.1, we will
look at the effects of the introduction of computers or more broadly the advent of the
Information and Communication Technology. Section 8.4.2 focuses on differences in
reliance on subcontracting between Japanese and US firms. Of course, when discussing
these developments, we cannot judge whether they are socially desirable. An evaluation
of the externalities involved in these developments is beyond the scope of this chapter.

8.4.1  Introduction  of computers:  Information  and  Communication  Technology

According to Audretsch (1995) both Germany and the US experienced massive down-
sizing of companies in the early 1990s. The introduction of computers is argued to be one
important factor in this experience for two reasons. It reduces the amount of labour
needed to produce a certain amount of goods, but it also reduces firm size because

'...information technology allows for closer relations with suppliers and customers,  thus
making it possible for firms to narrow their focus and spin-off previously integrated
activities. Thus, while the trend towards downsizing was initially triggered by the need to
reduce costs, it also reflects the administrative impact of information and communication
technologies. Increased use of technologies, such as electronic mail, voice mail, and
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shared databases, has, over time, reduced the need for traditional middle management,
whose role was to supervise others and to collect, analyze, evaluate, and transmit
information up,  down, and across the organizational hierarchy.'  (p.  27).

In a somewhat broader context, Freeman and Soete (1994) discuss the advent of
the Information and Communication Technology, which they argue to be a new techno-
economic paradigm. The pervasiveness of this new paradigm is argued to extend beyond
just a few products or industries, and to affect every industry, every service, their
interrelationships and indeed the whole way of life of industrial societies. One of their
arguments is that 'Because of rapid, easy access to information at all levels both vertically
and horizontally, intermediate layers of management were often no longer necessary. The
need for rapid response and greater decentralization of responsibility within the new
production and management systems also intensified this pressure towards 'downsizing'
by  reducing the number of middle managers.   . . . A similar trend was clearly evident  in
Europe in 1993-94.'  (p. 57). Another development described by Freeman and Soete  is the
increased importance and flourishing of small and medium sized enterprises.

Both examples make clear that declining transaction costs affect the economy in
various ways.22 They tend to increase market mediated exchange of goods and services.
This change in the way firms operate leads to internal reorganization, mainly resulting in
the lay-off of management labour that has become superfluous due to improved media of
exchange of information. Following Williamson (1985), we may add that the market gives
high powered incentives and thus requires little management to coordinate decisions. The
internal reorganization of firms leads   to the advent   of many small sized enterprises.    In

terms of our model, (exogenously) declining transaction costs will ultimately (endoge-
nously) result in outsourcing of support activities. This will affect firm size in two ways.
There is a direct effect as goods initially produced internally are now bought on the
market. The indirect effect results from internal reorganization of the firm. Throughout
the chapter we assumed that firms engaging in outsourcing required less management

labour than firms engaging in self-provision. So far, our model can 'replicate' the

22 In addition, there is a strong focus on the lay-off of middle management. In our model, this would
translate into a decrease in relative management cost in the two regimes (L„,0/L„/ ). Though in this simple
version of the model such a change does not affect the profitability of outsourcing, it does in the more
extended version  of the model (see Appendix C). There a decrease in L„,o/Lm' increases the limit price since
firms not only compare the unit wage cost with the price of the product to be outsourced, but alsO take into
account potential benefits related to lower management costs We show in Appendix C that a decrease in
L,0/L: increases the likeliness that outsourcing is a profitable strategy.
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developments described before. A result peculiar to our specific model is that the lay-off
of management labour (downsizing) will result in lower incentives to engage in R&D and
a subsequent decline in the rate of growth. This result reflects the Schumpeterian
character of our model (see chapter 1).

8.4.2 Japanese and US industrial structure compared

Japanese firms rely much more heavily on subcontracting than US firms. An example

discussed in Williamson (1985, chapter 6) is Toyota Motor Company, which has
succeeded in building a mutually profitable and durable relation with its subcontractors. A
central element in the explanation of the difference in the mode of governance between
Japanese and US firms is that 'The hazards of trading are less severe in Japan than in the
United States because of cultural and institutional checks on opportunism.' (Williamson
(1985, p. 122)). This is reflected in for example the relatively low number of lawsuits in
Japan, explained by the Japanese emphasis on harmony in relations between firms and
subcontractors. Another measure that underlines the fundamental difference between   the

US and Japanese mode of governance is the 'bureaucratic burden' (Gordon (1996)). This
bureaucratic burden, measuring the managerial and administrative employed as a
percentage of non-farm employment, was more than three times as large in the US than in

Japan (data from ILO, Yearbook of Labour Statistics (1994)).
In terms of our model, cross country differences in the 'hazards of trading' can be

argued  to be reflected  in the transaction costs  (i.e.,  in the parameter 6). Large hazards  of

trading or the absence of trUSt in bilateral relations results in large transaction costs and a
low 6. According to our model, outsourcing would hence be less widespread in the US
than in Japan. Our model can hence mimic the case study by Williamson. 23

23    A similar kind of reasoning could suggest that Lmo/L/ is larger in the US than in Japan. Such a dif-
ference would not affect the extent to which outsourcing occurs  in our simple version  of the model.   How-
ever, they are important in a more extended version (see Appendix C). There a higher ratio of management
costs indeed implies outsourcing to take place at a lower scale.
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8.5 Extensions of the model

So  far,   we have interpreted the model in terms of outsourcing.   We can alternatively label
the direct cost of production as assemblage activities. The indirect cost can then be seen
as the costs of all kinds of inputs that can be produced internally or bought on the market
place. Interpreting the model in this way yields a potential explanation for the increased
indirectness in the production process and the increased degree of specialization associated
with economic development (see Ciccone and Matsuyama (1996) for a model on these

issues).
An alternative interpretation of the monopolist is to conceive it as a consortium of

firms (or a business group) requiring non-core activities for production and deciding about
whether or not to exploit the superior technology. This would, however, require explicit
modelling of how business groups are formed and how decisions within these groups are

made  (see e.g., Feenstra, Huang and Hamilton  (1997)  for a model  on the formation  of
business groups).

One generalization of the model would allow for a separation of the support

activity into several activities, each with its own characteristics. An example of such a
generalization would be the following modification of the production function:

(33)

where   all M support activities are indexed   m( =1, . . . ,M) .    In this representation, a fixed
amount of the support activity f„ is required before the firm is able to produce and we
allow for the potential of decreasing or increasing requirements with scale (ym smaller or
larger than one, respectively). In the model in this chapter, we used a specification
characterized  by  ym= 1,  M= 1,  and f.=0. This generalization would seriously complicate
the analysis and, except for some very special cases, we would only be able to solve the
model numerically.24 It is easily imagined, however, that an equilibrium will result in
which a fraction of the support activities is outsourced, while another fraction is produced

internally. The fixed cost (management labour) could be modelled    as a (declining)
function of the fraction of support activities that has been outsourced (see Dluhosch

24 Numerical examples are available upon request.
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(1997) for a similar kind of modelling).
Future research could extend this simple model in various other interesting

directions. The basic motivation for outsourcing in this chapter was exploiting economies

of scale. Other reasons have been put forward in descriptive literature and could be built
into this model. It is easily imagined how the likeliness of outsourcing increases if the
monopolist, in addition to having the potential of exploiting economies of scale, has
access to cheap labour (for example because he doesn't have to pay efficiency wages as

the producers of consumption goods have to).  Furthermore we could make the investment
required to build a relation with customers explicit, we could relax the assumption that

only a monopolist has access to the superior fixed cost technology, and we could allow
for some uncertainty that the relation with the monopolist breaks down or that the quality
of the product to be supplied is inferior to the quality when producing the good internally.

8.6 Conclusions

This chapter has developed a model that yields insights in the motives for firms to engage

in outsourcing. The private incentives for firms to engage in outsourcing are well
understood. Transaction costs, exploitation of economies of scale, savings on wage and
benefit payments, and strategic considerations   may   play an important   role.    What   is   less
understood are the (potential) macroeconomic consequences of outsourcing. In this

chapter, we develop a general equilibrium model characterized by endogenous growth.
We establish conditions for which outsourcing will be a privately profitable strategy. In
addition, we study the macroeconomic consequences of outsourcing for economic growth,
product diversity, firm size, and welfare. It is shown that private profitability and social

desirability of outsourcing  do not coincide in general.  This is caused  by  the  fact that firms
do not take into account the consequences for product diversity and market shares of their
decision to engage in outsourcing.

Some results derived from the model are that declining transaction costs may

ultimately result in outsourcing. We discussed the advent   of the Information   and   Com-

munication Technology. This development was shown   to be potentially important   in
explaining the increase in outsourcing and downsizing of firms witnessed in recent years.

The model predicts that these trends will be associated with an increase in product variety
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and a decrease in the macroeconomic rate of growth. The first prediction seems to be
confirmed by available evidence. The second prediction crucially relies on the 'Schum-
peterian' assumption that it needs large firms to grow fast. In this view, large market
shares are an important precondition for firms to engage in costly R&D. Cross country
differences in the 'bureaucratic burden' were argued to be an important element in
differences   in the extent to which Japanese   and US firms   rely on subcontracting. Finally,
increased product market competition was shown to foster the incentive to engage in

outsourcing.
We are ultimately left with the conclusion that the decision to engage in outsour-

cing by private firms can have important macroeconomic consequences. This conclusion
has so far been underestimated in both the theoretical and empirical literature on
outsourcing. Acknowledging this conclusion may, at least partly, enhance our understand-
ing of the recent productivity slowdown, deindustrialization, and the advent of many
small firms supplying highly specialized inputs.

Appendix A. Solution of the model under alternative modes of governance

In this Appendix, we will solve for the equilibrium rate of growth, number of firms, and
the   allocation of labour under the alternative modes of governance   0 =I, 0) under  the
assumption of symmetry.  In the symmetric steady state, it holds per definition  that

W    ti    elgia-=-=- (A. 1)
hi ci Cl

In addition, using the first order conditions for firm behaviour ((9)-(10), and (18)-(19),
for  the two regimes, respectively),  we can derive  (note  that  w 5 1)

·j           ·j    6j
ph =-gj= ft = 1€. (A.2)j                        j        li
Ph         Pc   rc

For the regime with internal provision,  we  can thus write the no-arbitrage condition (11)
as

ri + g' = i(,1 +cOL   +  fL       -     Lf   =
r'

(A.3)
' 6(1 +a)
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Substituting the equation (5a), (5b), and (9) into the zero profit condition (12), we get
. I+Li (, ,

-i.1-1'  I'  '- (1.«)4: = ('-1)1' ,L:j. (A.4)

Combining (A.3) and (A.4), we derive

r' = (8-1)g' + <(8-1)L1. (A.5)

Using  (A. 1)  and  (A.2),  we can write the Ramsey rule (equation  (2))  as

pgi = r'+gi-8 - ri = (p-r)gi+8. (A.6)

Confronting the planned rate of growth (A.5) with the Ramsey rule (A.6), we solve for
the equilibrium interest rate and the rate of growth

r,= 1111((p-1)L/-8] and g' = EN)14/- <(e<-1) .         (A.7)P -£

Stability  of the equilibrium  with a positive  rate of growth requires  (p-1) > (6-1) > 0/641.
Substituting the solution for the interest rate into (A.3) yields the equilibrium number of
production workers per firm in the consumption goods sector

L' - (e-1)[<(P-1).C-0] (A.8)
C

(P-e)6(1+a)

Finally, substituting the solutions  for  4  and  L,( =g/E)  into the labour market constraint
(13), and using (5b) and (7), we can solve for the equilibrium number of firms

LE(p-e)Ni =                                                   (A.9)
Ii(p-1)LL-0},

The solution procedure for the growth and interest rate and the equilibrium number of
firms under the regime with outsourcing is along similar lines as for the regime with
internal provision and follows using equations (18)-(22) (instead of equations (9)-(13) in
the   regime with internal provision). Using equations   (A. 1)  and   (A.2),   we can write  the
no-arbitrage condition (20) as

0
ro+go = <(1+apy)Lco+EL,0-Lf=   r    .            (A. 10)

6 (1  + apy)
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Substituting the equation (5a), (5b), and (18) into the zero profit condition (21), we get

-5-1+ ' - (1,«p,)L,o - (,-1)'li.Lmoj. (A.11)
L:+Lo CO )

E-1
(1 +apy)Lf

Combining  (A. 10)  and  (A.11) we derive

r o  =  (8-1)go + 6(8 -1)Lmo (A. 12)

Confronting the planned  rate of growth  (A. 12)  with the Ramsey  rule  (A.6), we solve  for
the equilibrium interest rate and the rate of growth

ro = -Ll[<(p-1)Lmo-el and go = <Ce-1)[LO-  0 1 (A. 13)

P-E P 1   1  m      Ek-Dr

Stability  of the equilibrium  with a positive  rate of growth requires  0,-1) > (8-1) > 0/64:
We  can now derive the number of production workers  and  the  firm size, using  (A. 10),
L,=g/8, and (A. 13), as

L,o =  (c-1)16(p -1)L,2-81 [6(p-1)L -8](8 +apy)  , CA. 14)
1,   L,o + L7 + Lmo=

<(p-e)(1 +apy) 6(p-E)(1 + apl)

Using  (5a),  (16),  (22),  and  (A. 14),  we can solve  for the number of firms

No =                                               (A.15)
(L-F)6((P-e)(1 +apY)

[acK -1 +6py)+6 s][&(p -1)LB-el

We can now determine the optimal price to be set by the monopolist providing the
support activities. Substituting the solutions for N and 4 into the profit function for the
monopolist, we get

flopy-Wl a(L-.F)(e -1)(6py-w) -wF. (A. 16)xy-YPY-wLY=Noa4  6  -wF= a(£-1+6py) + £6

From this expression, it is easily derived that ar,/apy> 0.  So the monopolist  will  set  as
high a price as possible  (i.e.,  he will engage in limit pricing: py=w- 1).
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Appendix B. Derivation of Figure 8.1

In this Appendix,  we will mathematically derive the equations underlying Figures  8.la-
8. lc. Using equation  (25) (with equality), we derive  that the number of firms is equal  if

Lo -   1  t<(P -1)41-8)1 (L -F)(1 +a)6 e 1,0 .
(NN-locus)

E(p - 1)l LLIa(£-1+6) + £6]1

Using equation  (26), it follows that profits  for the monopolist equal  zero  at

aL(e -1)6 - 6' E (PP-locus)
al.(8 - 1) - Fe(1 +a)

For larger (smaller) values of 6, the use of the superior technology is (un-)profitable.
Similarly, we derive from equation (32), that social indifference occurs at

7  0(p-1)      1
L,2 -    1    (<(p-1)L -0)[_(L-F)(1+a)68 -lac,-1)-p

+0 .
(DD-locus)

<(p-1)[' [Lla(e-1 +6)+ 6 g]J

Taking the derivative of this expression with respect to 6, it follows that the DD-locus is
upward (downward) sloping  if a> ( < )p/(p-1), and vertical at a=p/(P-1)

Now several points with respect to the relative position of the three loci need to be
mentioned. First, the three loci will always intersect at the point where 6 =E and
L„f=L:. Secondly, the DD-locus will be vertical and coincide with the PP-locus at
a=p/(p-1) Thirdly, the NN-locus and the DD- locus will coincide when p=0. Since
stability with positive growth rates requires  p  to be larger  than  1, this coincidence  will  not
occur. Finally,   when   a > p/(p-1) and the DD-locus is thus upward sloping, its slope is
larger than the slope of the NN-locus (since 09-1)/[*p-1)-p]>1)

Appendix C. Internalization of consequences outsourcing for internal organization

This Appendix solves for the case in which firms also take into account in their decision
whether or not to engage in outsourcing what the consequences of this decision are for the
internal organization  of  the  firm   (i.e., the effect  on the fixed management  cost).   In  this
case, producers of consumption goods compare the costs of acquiring the non-core
activities under    the two alternative regimes. This implies    that    they will engage     in

outsourcing once

Li -Lo
aLdw + wLf  kaLdpy+ wL'  so  PY< 1  +                                      (C.1)

aLf
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This price is the maximum price the monopolist can charge (the limit-price we saw
earlier).25 In case outsourcing does not affect the internal organization, the limit price
equals w and there is no difference with respect to the analysis in the text. When L„/ is
larger (smaller) than L„,o, the limit price is larger (smaller) than the wage rate. This is
intuitively clear since in the former case, the firm is prepared to accept a relatively large
price of the non-core activity as outsourcing already saves on management costs. Having
established this slight change in the limit price, the analysis just goes through as in the
main text; we can again derive two equilibria, one in which outsourcing takes place and
one in which firms engage in in-house provision   of the non-core activity. Having estab-
lished for what (maximum) price single firms are willing to engage in outsourcing, we
need to establish for what minimal price the monopolist is willing to supply to non-core
activity (which requires  7ry> 0). Following similar procedures  as  in the  text,  we can easily
establish that none of the conclusions derived in the main text is changed in an essential
way.

More    specifically,    we can derive   that the growth   and the interest    rate    are    not
affected in any of the two regimes. The equilibrium number of firms in the regime with
outsourcing changes into

No = (L-F)64(p-e)(1 +a)
(C.2)

A(p-1)42 -81[a(e-1+6)+6£] + (6 +a)(p-£)6(Lo -L,5

We derive the size of the production department of producers of consumption goods as

,[,co =     e-1    [6(p-1)L -0]_ I.,„-I. '.                       (C.3)
4(p-e)(1 +a) 1+a

When there are no differences in management costs, the size of the production department
and the number of firms in the regime with outsourcing are equal to what we derived in
the text. When the management cost in the regime with outsourcing is smaller than under
internal provision (and hence the limit price exceeds the wage rate), the number of firms
with outsourcing is larger than in the case considered in the text, whereas the size of the
production department is smaller. This is understood since profits of the monopolist and
hence demand for final goods is larger, and hence more firms can be sustained.26

25   In deriving this condition, we suppose that the firm makes its decision on the basis of the demand
for non-core activities in the situation after outsourcing has taken place.

26   For the number of firms in the regime with outsourcing to be a positive function of the marginal
productivity  8,   we  have to impose the condition  that  L:-L.0 < [L.'9-1)-8/8](6-1)/16(p-1)-(6-1)1, where   the
last term is unambiguously positive. Hence, this condition implies that the management cost under the
regime of outsourcing may not be too small.
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Profits of the monopolist supplying the non-core activities can now be derived as

Tr =  (L-F)[a(6 -1)(e -1+0-6(1+a)Q]-F where Q.  E(p-e)(LI-L,5 . (C.4)
a(e- 1+6) +6 e+ (6+0)0 <(p-1)Lmo-0

Taking derivatives of this expression with respect to the management requirements and
marginal labour productivity of the monopolist reveals that the PP-line for which profits
are  zero is upward sloping  in a diagram as depicted in Figure  8.1   (instead of vertical  as
in the simple version  of the model discussed  in  the  main  text). The NN-locus  is  also
upward sloping, while the slope of the UU-locus is again ambiguous depending on,
among others, the size of the taste for diversity relative to the intertemporal elasticity of
substitution (the condition for the UU-locus to be vertical becomes more complicated than
in the main text). Furthermore, the PP-locus is steeper than the NN-locus.



Chapter 9

Optimal Sectoral Structure and Economic Policyl

An analysis of product variety, scale effects, and growth

This chapter develops a model to analyze the social optimality of growth, product
variety and the corresponding inter- and intrasectoral allocation of labour. The
model contains two sectors, one assembly sector producing a homogeneous

consumption good, and one intermediate goods sector producing differentiated
inputs. Growth results  from R&D performed  in the intermediate goods sector.   We

disentangle three effects associated with increased variety: (i) a productivity effect,
(ii) a business stealing effect, and (iii) a growth effect. The market provides too
little variety and suboptimally high growth if the productivity effect of variety is
large relative to the market power of intermediate goods producers. If varieties are
not very productive, the market provides too low a rate of growth, whereas
variety may either be too low as well too high. Decentralization of the first best
solution is considered    and in general requires two instruments. Finally,     we

consider the sensitivity of the results with respect to the modelling of the engine of

growth.

9.1 Introduction

Product variety is an important determinant of economic welfare. Following the seminal
work by Dixit and Stiglitz (1977), and Spence (1976) the welfare effects of variety have
been analyzed from various angles.2 Dixit and Stiglitz themselves conceive the problem

' This chapter builds on a revised and extended version of De Groot and Nahuis (1997) and De
Groot and Nahuis (1998b). Symbols used in this chapter have their own meaning and should not be mixed
up with symbols in parts I and II.

2     In the overview to follow, we have no pretention of being exhaustive.
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of optimal diversity    (in a static context)   as    one of quantity versus diversity.    With   the
presence of economies of scale in production, producing a small variety saves resources
that  can  be  used to extend the production volume. Hence a trade-off arises that gives   rise

to the question of social optimality of the market equilibrium. It turns out that the market
supports   too low product diversity. Subsequent studies addressed the optimality question
in the presence of growth. In a dynamic context, reduced variety not only saves resources
that   can  be   used for extending the produced quantity, but potentially   also to increase   the

rate of growth. Grossman and Helpman (1991, chapter 3) analyze welfare in a model of
endogenous growth. In their analysis, there is (continuous) growth in product variety
resulting from investment in R&D. The more labour an economy allocates in the R&D
sector, the less labour remains for producing consumption goods. The question here is
one of growth in variety versus volume of consumption goods. The optimal trajectory
entails more rapid growth of variety than the market equilibrium sustains, as firms ignore

the  contribution of their knowledge creation  to a common 'knowledge pool'. Grossman
and Helpman (1991) also analyze a quality ladder model. In this model quality is
endogenous and variety is exogenous. Here innovative effort aimed at quality improve-
ment might be suboptimally high or low, depending on the size of the quality step. Van
de Klundert and Smulders (1997) develop an endogenous growth model in which,
contrary to Grossman and Helpman (1991), R&D is an in-house activity aimed at
improving quality. Besides quality growth, variety   is also determined endogenously.    An
important characteristic of the model is the constancy of variety in equilibrium. The
authors analyze the welfare consequences of different regimes of competition in the
presence of knowledge spillovers. They find suboptimally low growth. Product variety
may both be too small and too large.

The studies discussed   so far assume that variety   has a direct effect on consumers'
wel fare as consumers   have   a   love for variety. Another branch of literature looks   at   the

productivity effects of increased product variety (Ethier, 1982). Romer (1990) takes this
route and develops a model in which diversity of capital inputs grows at a constant rate,
increasing productivity at a constant rate. In a similar spirit, the focus in the underlying
chapter  will  be  on the effects of diversity on productivity. Barro and Sala-i-Martin  (1995,
chapter 6) point at the similarity of endogenous growth models of on the one hand
expanding variety of consumption goods directly adding to utility,   and   on the other  hand

the models of expanding variety of producer goods that increases productivity and adds
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indirectly to utility. Ultimately,    it   is   the   flow of utility that matters. Still, they strongly
argue in favour of expanding product variety models that add to productivity as they can

more  easily be reconciled with reality.
This chapter develops a simple two sector model with endogenous growth that

sheds some light on the advantages and disadvantages of using more or less variety of
differentiated inputs. Our starting point is the model developed by Smulders and Van de

Klundert    (1995)    and    Van de Klundert and Smulders    (1997); see chapter    1    for   a   dis-
cussion. The strength of this model in view of the topic we want to study is that it is
characterized by both endogenous growth and endogenous product variety (see also
Peretto (1996) for a similar kind of model). We follow Ethier (1982) in assuming that
there are returns to variety in the production of final goods. Ethier explicitly distinguishes

between the returns to variety (that are external to the firms producing the brands), and
the  elasticity of substitution between brands.   This  is in contrast  with, e.g., Dixit  and

Stiglitz (1977), and Van de Klundert and Smulders (1997). In these studies returns to
variety and the elasticity of substitution between brands are mechanically linked. Although
the return to variety and the elasticity of substitution are likely to be (negatively) related,
there is no reason to assume that the link is as tight as suggested in the above mentioned
papers. As we will show in this chapter, disentangling this relation is crucial for the
welfare effects  that we derive. A similar point  in a different context  is  made  by,  e.g.,

Benassy (1996 and 1998), Broer and Heijdra (1996), De Groot and Nahuis (19988), and
Holtz-Eakin and Lovely (1994) These studies put welfare results, derived in the context
of models using the traditional Dixit-Stiglitz specification for returns to variety, in
perspective.

In the first sector of the model, the assembly sector, firms produce a homogeneous

consumption good. Production takes place using (homogeneous) labour   that is supplied

inelastically, and differentiated intermediate goods. The intermediates are produced in the
second sector of the model. In this sector, firms are producing a unique brand of an
intermediate good. Labour is employed in each firm for production and for research.

Intentional investments in R&D aimed at increasing productivity in this sector drive
economic growth. R&D is modelled as an in-house activity yielding completely firm-
specific knowledge. Hence, the relevant knowledge base for R&D is the stock of
knowledge that is built up by the firm's own past research activities. The uniqueness of
brands gives rise to market power. The resulting non-competitive pricing of differentiated
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products results in a distortion as it affects the relative price of inputs in production of the
final consumption good. Two other potentially distorting market failures are present. The
first arises because entrepreneurs do not take into account the surplus of their entry
decision that accrues to the producers of the consumption good, due to increasing returns
to  variety. The second  can be traced  to  the   fact that entrants ignore that entry implies  that
the total market has to be shared by more. The first will be dubbed the 'product diversity
effect' whereas the second will be called, following Mankiw and Whinston (1986), the
'business stealing effect'.3

We show that explicitly separating out these three potential distortions is crucial
for understanding the results of the welfare analysis. Crucial is the strength of the product
diversity effect relative to the elasticity of substitution. The market results in too high
growth and a suboptimally low level of variety when the product diversity effect is
strong.    If the business stealing effect dominates (and hence the returns to variety    are

relatively low), the market growth rate is too low. If the diversity effect is extremely

weak, the variety supplied will be suboptimally high. If it is extremely strong, the
opposite holds. In the intermediate case, it may be the case that both the rate of growth
and variety are too low. Decentralization of the first best solution is shown to be possible

and to require two instruments, namely an output subsidy On the production of intermedi-
ates and a lump-sum tax or transfer to producers of intermediates. We also consider the

optimal policy choice in case the government only has one instrument at its disposal,
namely the number of permits  to be issued to intermediate goods producers.

The chapter proceeds as follows. In section 9.2, we will discuss and present the
basic model. The steady state equilibrium   of the market economy is presented in section

9.3. In section 9.4, we perform a first best analysis by looking at the unconstrained social
optimum, and we compare this with the market outcome. In addition, we design a policy
that supports the first best outcome as a competitive equilibrium. Section 9.5 considers
the second best problem of choosing the welfare maximizing number of firms (by issuing

permits), taking as given the non-competitive behaviour after entry. Section 9.6 general-

izes the engine of growth. This serves two goals. It shows    to what extent the results

derived in this chapter depend On the specific way of modelling the engine of growth.
Secondly, it reveals that the result of the absence of growth from the scale of the

3           The    notion of business stealing has strong resemblance    to the 'profit destruction effect'     that
Grossman and Helpman (1991) distinguish.
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economy (under free entry) that we discussed in parts I and II of this thesis depends on
the modelling of the engine of growth. We end with conclusions and an evaluation in
section  9.7.

9.2 The model

Our economy comprises two sectors. The assembly sector produces a homogeneous

consumption good using intermediates and labour. Firms in this sector operate under
perfect competition and take prices of intermediates and wages as given. The intermedi-
ates are imperfect substitutes in production of the homogeneous consumption goods.

Following Ethier (1982), there   is an externality   in this sector   in   the   form of increasing

returns to variety (productivity increases with variety).   In the intermediate goods sector,
N   firms are operating. These firms compete monopolistically. We assume    N    to    be

sufficiently large so that competition is monopolistically A la Chamberlin.4 The number
of intermediate goods producers is determined endogenously by a process of entry or exit
as long as profits are non-zero. Intentional R&D performed by firms in this sector results

in productivity increases and thus positively affects the quality of intermediates. We
assume   R&D   to   be an in-house activity. There   is no spillover   of the fruits   of  R&D

whatsoever,  i.e., we assume knowledge  to be fully tacit.5  In this section,  we  will  in  turn
describe consumer behaviour, the assembly sector and the intermediate goods sector.

4    Yang and Heijdra (1993) criticize this approach. They argue that the result that the number of firms
is so large that competition is monopolistically h la Chamberlin should be the outcome of the model and not
be imposed a priori. To avoid this problem, we would have to introduce the concept of a perceived price
elasticity, where this perceived elasticity depends  on the number of competitors  (see  Van de Klundert and
Smulders    (1997)).    As this extension would seriously complicate the analysis    and not affect    the    main
conclusions of the chapter, we abstain from this issue.

5 This choice of the knowledge base prevents us from studying issues related to the importance of
knowledge spillovers between firms. As shown in section 9.6, it is fairly straightforward to extend the
knowledge base and to introduce knowledge spillovers. There, such an extension is shown to add two
additional market failures, namely (i) an appropriability problem since firms cannot appropiate the full
benefits resulting from their R&D effort due to the spillovers, and (ii) a problem related to the fact that
firms will not take into account the fact that their decision to enter or exit the market will affect the
macroeconomic knowledge base on which firms build their research effort.
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9.2.1 Consumer behaviour

A representative consumer maximizes his intertemporal utility subject to a dynamic

budget constraint

-

max fu(C,)e -e'dt   s.t.   A,  =  r,A, + w,L - C,Pa,                                                   (1)
0

where C, is a consumption index, 0 is the subjective discount rate, A, are assets possessed

by  consumers,6  r,  is the interest  rate,  w, L  is wage income  in the economy,  and  C, Pa  is

expenditures on consumption goods. We assume a constant working population L. Taking
u(C,) = C,1-p/(1-p), we arrive at the Ramsey rule

-i   =  11,-2-81,                                                                                                           9,P<   a
where 1/p is the intertemporal elasticity of substitution. So consumers prefer a steeper
consumption profile, the larger  the gap between  the  real   rate of interest (r,-pa Pa)  and  the
subjective discount rate (0), and the larger the intertemporal elasticity of substitution

(1/p)

9.2.2 Assembly sector

The assembly sector produces final consumption goods C under perfect competition. The
goods are produced according to (dropping time indices where it leads to no confusion)

  N e-111
1                -7 1% -1                                                                                     (3)C = XBL -* with X = N°|--Exi

[ 0  i.1             J

In this formulation, LC represents the number of production workers in the assembly

sector.   X  is a composite   of the intermediates   that are available. This specification   of  the

6 The assets A consist out of consumer loans and shares issued by high-tech firms to finance their
investments in research.   As  in a consolidated equilibrium,  net debt among consumers  is  zero, the income  on
the  assets, rA, equals the dividends  paid by high-tech firms.   We will later return  to the savings-investment
equilibrium when discussing the general equilibrium of the model.
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composite is borrowed from Broer and Heijdra (1996). N represents the number of
varieties of the intermediate good (indexed i) available. E is the elasticity of substitution
between any pair of differentiated intermediates. Returns to variety are represented by the
parameter a. With all the x, equal to a common x, as will be the case in equilibrium, we
get   X=N '-'(Nx).    Suppose that there    are two bundles of intermediates   that are equally
large  (N  ix'=NY).  It then holds  that  if a>1  (that are returns to variety), the bundle  with
the largest variety (the largest   N)    is most productive. Parameter restrictions    0 2 1    and

E > 1  ensure that respectively production exhibits returns to variety (with strict inequality)
and that every variety is demanded. The returns to variety equal the special value
assumed by Dixit and Stiglitz (1977) if a=8/(8-1). The composite of intermediates
specified in equation    (3), can hence    be    seen    as a generalization    of the Dixit-Stiglitz

specification. 7

The producers take prices for intermediates, output prices and wages as given and
perform the following (two stage) maximization problem

max CPC-wLc-P*X,                                                     (4)
LC, X

where Px is the price index for the composite good.

Optimization yields

8II

_=  0    =*    BCPc  =  XPx,  and                                                                             (5)8x

_  =0  - (1 - 11)CPC = Lcw,                                  (6)
aLC

which is the standard Cobb-Douglas result of fixed income shares.

7    It is easily demonstrated  that  in  case  a =E/(E- 1), the expression  for the composite good boils  down
to

 N  '1 '.1

X  - F"    1      ,   so
in symmetry X = N (Nx)

This  specification  is  used  in many subsequent analyses (e.g., Grossman and Helpman  (1991)  and  Van  de
Klundert and Smulders (1997)). We prefer the more general Ethier specification as we see no need for a
strict one to one relation between the mark-up resulting from market power and the returns to diversity. See
Benassy (1996) for a similar argument.
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In the second stage, the firm decides On the optimal amount of input of each
variety. The following optimization problem is solved

F   N   e -11 :         N1 1-    717-1                                                                                               (7)Max N°I-Lx, 1 sl    Ex,Psi  =  XPX,
zi          [N 1-1 1 i=1

which results in

N

1 Xlpri F, N 11 (8)
Xi =Ncz- 1)(0-1)-1 P ]-  x, where px=       =Ni-011,5-,p.1-c .-*,

1 p    I                                                             X                             [N:,l xj

which is the downward sloping demand curve for an intermediate of brand i. It is easily
seen that under symmetry the true price index (Px=AP-pg) is decreasing  in N if a > 1.

9.2.3  The  intermediate  goods  sector

The intermediate goods sector consists out of N firms, each producing a brand of a
differentiated input used in the assembly sector. Firm i produces a quality adjusted
amount xi of the intermediate of type/brand i according to

xi  =  hiL                                                                                                                           (9)xi'

where Lgi represents production labour in the intermediate goods sector, and h, is the
labour productivity. R&D is aimed at quality innovation. The stock of knowledge, which
is assumed to be completely firm-specific, determines the quality level directly. Know-
ledge accumulates according to

hi - Ch, Ln, (10)

where L,i represents research labour and E is the research productivity parameter. The
firms aim at maximizing their present discounted value subject to the demand for
intermediates and the costs and benefits of engaging in R&D. The objective can hence be
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written as

00

max f[x,px,  -  (Lgi +LT, +Lpw] e -"dt. (11)

0

4 is fixed labour required for starting production, and r is the interest rate at which firms
could invest their money in the financial market.

The current value Hamiltonian corresponding to this dynamic optimization

problem reads as

H  =  x,px, - U.x,+LY,+Lpw + Ph,4hiLri, (12)

where phi is the shadow price corresponding to knowledge.

The First Order Conditions to the intertemporal optimization problem are (assum-
ing symmetry so that we can drop the brand index i)

aH        1               e w
-aL     -  hpx(1 -   )  -w  =  0    -•    Px  = 72-1-h, (13)

.

according to which firms engage in mark-up pricing (note that the mark up (E/(6-1))
reflects the increasing returns to variety in case a=E/(6-1), see footnote 7),

8H
- = -W + PhEh -0 -w= PhEh, (14)
aLT

showing that firms allocate R&D labour to this sector as long as the marginal benefits of
doing SO (phfh) exceed the marginal costs (w), and

-L:p*Ll  - PhEL,  =   *h - rph    -    -  + Li---  +  EL,  = r. (15)
Ph      .   Px  S -1

Ph  Ph K
which is the no arbitrage condition. Investing an amount Ph in the financial market at the
rate r should yield the same return as investing in knowledge capital which yields a

capital gain, an increase in production, and an increase in the knowledge base.

The model is closed by imposing full employment labour market equilibrium

L = L.+N(L.+L,+L), (16)
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and imposing instantaneous profits in the intermediate goods sector (7r) to equal zero

1r  = xpx-(Lg+L,+Lf)w  = 0. (17)

Characterization of the steady state solution of the model will be the topic of the next
section.

9.3 Solution of the model

In this section, we characterize the steady state solution of the model and discuss its main

comparative static characteristics. We assume that excess profits (or losses) are competed

away   by free entry and/or   exit of firms (ignoring integer constraints). The number   of

intermediate goods producers   is thus determined endogenously. We define the growth  rate

of labour productivity   in the intermediate goods sector   as   g( - h/h).   In the remainder   of

the  chapter,   we  take  the  wage  rate as numdraire  (w = 1).
Solving the model (see Appendix A for a derivation of the expressions) yields a

required and planned rate of return on savings and investment, respectively

r  =  0+ B(p -1)g   and   r  =  (e - 1)(g + ELP. (18)

The required real rate of rate of return on savings (r-Pc/Pc= r+Bg) thus increases   with

the rate of growth of consumption (Bg) due to the wish of consumers to smooth their
consumption   over   time   (p > 0). The realized   rate of return depends positively  on   the   rate

of growth, the productivity of research and the fixed cost requirement. Confronting the
realized and required rate of return results in a savings-investment equilibrium and yields
the equilibrium growth and interest rate8

(8-1)EL/-0 B (p-1) ELY-0g= and   r  - (e-1)                                                  (19)

11(p-1)-(C-1) P(p-1)-(e-1)

Finally, we derive the equilibrium number of intermediate goods producers (the variety   of

8        Stability of the equilibrium with a positive growth rate requires B(p-1) >(6-1) > 8/(E4)
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intermediates) and the allocation of labour as

N = [11(p-1) - Ce -1)]< PL
and Lc - (1-p)L. (20)

£[11(p-1)EL,- 81

An important feature of the model is that the scale of the economy (L) leaves the growth
rate unaffected, whereas it leads to an equiproportionate change in the number of firms.
Scale effects   are  thus only present   in the sense that productivity levels are affected. There
are in other words static returns to scale: We return to this issue in section 9.6. Another
important notion   is   that the parameter capturing the 'returns to diversity'   does   not   show
up   in the solution   for the equilibrium variety. The market  does   not  take into account   the

externality resulting from diversity.
For the growth rate, we can conclude that it positively depends on the fixed cost

requirement  Lf, the elasticity of substitution  8,  and the research productivity parameter  E.
An increase in the fixed cost requirement lowers the equilibrium number of firms and
increases the market share of each individual firm. This increases the incentive to engage

in R&D and consequently the growth rate. A similar type of argument holds for the
elasticity of substitution. A large elasticity of substitution lowers the room for firms to
make positive profits and thus increases individual firm size. An increase in 0 and p
reduces the consumers' incentive to save and thus increases the costs of acquiring
financial means to finance investment in knowledge capital. Firms will respond    by
investing less in knowledge capital, reducing the rate of growth (and the equilibrium
interest   rate). The reduction   in the investment burden required   to   keep   up with competi-
tors increases the firm's profits, which will lead to entry. An increase in B (the share of
intermediates in the production of final consumption goods) increases the required rate of
return on savings (as consumption growth increases for a given level of productivity
growth). The equilibrium interest and growth rate consequently   go   down.    This   will   be
accompanied by downscaling of intermediate goods producers of both their research and

9 Labour productivity in the assembly sector (C/L<) grows at rate Bg. The labour productivity level
equals

.f  . <N,-lit  B  (c-1) B1-4  e 7'

which positively depends  on  N  (and  thus  on  L)  as   a> 1. This result basically reflects Adam Smith's notion
of division of labour. The result that there are no dynamic returns to scale in this model depends on the
specific choice of our knowledge base (equation (10)), as shown in section 9.6.
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production departments. At the same time, the assembly sector will substitute away in its

production process from labour towards intermediates (LJNL, decreases).  This  combina-
tion of reduced high-tech firm size and increased demand for intermediates implies an
increase in the number of intermediate firms.

9.4 Optimal product variety

In this section, we will derive the first best social optimum (FBSO) by solving the social

planners problem. Thus, the social planner maximizes intertemporal utility of the
representative agent solely subject   to the technical constraints (i.e., technology   and

resource availability). Characterization   of the social optimum   will   be the topic of section

9.4.1. In section  9.4.2,  we will compare the market equilibrium with the social optimum.

The results derived under the Dixit-Stiglitz assumption that 0=6/(6-1) turn out not to
generalize when dropping this assumption. This points at the importance of disentangling

the returns to diversity and the degree of imperfect substitutability resulting in market

power of monopolistic competitors (see also Benassy (1996), and Broer and Heijdra
(1996)). In section  9.4.3, we design a policy that supports the first best outcome   as   a

competitive equilibrium.

9.4.1.  The first  best  social  optimum

In this section, we will look at the first best optimum in which a social planner is
assumed to maximize the utility of the representative agent subject to the accumulation

function of firm specific knowledge, the production technology,lo and the labour market

to The model allows  for  a a k l restriction,  but with equality the social planners' problem  is  not  well
defined.   So  here the parameter restriction needs  to be narrowed  to  a > 1.   It is intuitively clear  that  it  is
socially optimal  to  have a single variety  in  case  0=1. As knowledge is completely firm specific and there  is
no return to variety as such, it is optimal to minimize on the total fixed cost in the economy. To allow for
0= 1, the restriction N  1  should be added  to the social planners optimization program.
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constraint. Hence,

3 c' - 
max U= 1 -e-e'dt, (21)

% 1-p

subject to equations (3), (10), and (16). The current value Hamiltonian corresponding to
this optimal control problem is 11

H  =  T -  (L-N(L,+L,+L))1-11(N°M,)']'-p  +Ph<hL,.                                         (22)

The First Order Conditions corresponding to this problem are

BH- -0- (1-B)NLx = BLE, (23)
8LX

aH C 1 -0 N

-aL=O   -  Ph = (1-B)-, (24)

r Lcth

.fH =O -L c=  (1-B)L =Lcn (25)
BN BC+1-B

BH  11  (26)Ph + -  - epA   -  *h +     k     +phEL,  =  eph.8h

From equation (25), it is evident that employment in the assembly sector is constant.

Using equation   (23),   it then follows   that  j\4 is constant. Substitution   of the expressions

for NL, and Lc in the labour market constraint (equation (16)) gives an expression for L,

and consequently for the optimal growth rate

gFB = EL,FB =   EB((3-1)   L  - 44. (27)

B(O-1) +1 NFB

The optimal growth rate thus negatively depends on the number of intermediate goods
available   in the economy. The optimal number of intermediate goods producers   can  be

"    Use that under symmetry X = N'-iNx = N9:L
,.
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derived as 12

NFB - B(0-1)(P-1)-1 BEL EL,-0(c; -1)
so gn = '

(28)

B(p-1)<Lf-0 11(0-1)+1 B(a-1)(p-1)-1

We can derive

aN n aN FB aN n BN FB aN FB aN FB BN FB->0; ->0; -<0; -<0; ->0; ->0; ->0. (29)
Bo      80      BLf      86      BL      ap      BB

An increase in the returns to variety positively affects the optimal number of differenti-
ated inputs, which is an intuitively clear and important result. An increase in the subjec-

tive  discount rate increases the optimal number of varieties  of the intermediate  good.   The

intuition behind this result is as follows. A higher discount rate increases the value
attached to current production. This higher production can be achieved by increasing the
number of varieties used in the assembly sector, as the positive productivity effect of an
additional variety outweighs the negative growth effect that results from increased fixed
cost in the economy. Increases in the fixed cost decrease the optimal product variety. The
increased fixed cost tends to lower the optimal   rate of growth   (if  N n   is kept constant).
This negative effect can partly be offset by decreasing the fixed cost requirement by

scaling down the number of product varieties. The other comparative static results need
no further discussion.

The above results make clear that the social planner faces a trade-off between on
the one hand large variety with positive productivity effects in the assembly sector, and
on the other hand high growth rates in the intermediate goods sector. The larger the
returns to variety (the larger a), the more growth the social planner will sacrifice in
exchange for large variety.     It    is    at this point    that our model crucially differs    from
Grossman and Helpman (1991; chapter 3). In their model, growth is growth in product
variety. Large returns to variety thus result   in the model of Grossman and Helpman   in

suboptimally low rates of growth (as shown in Benassy (1998) and De Groot and Nahuis

(19988))

12        we  impose  the  parameter   restriction   1 /[#(p-1)] < a-1 <i410. Derivation of the optimal number of
intermediate goods producers can be found in Appendix B.
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9.4.2 Market equilibrium versus the social optimum

We are now ready to compare the market outcome as discussed in section 9.3 with the
FBSO. The model is characterized by three potentially distorting market failures. Firstly,
there is a (static) distortion in allocation resulting from the market power that intermediate
goods producers have, leading them to engage in mark-up pricing. The second distortion
results from the fact that entrants in the intermediate goods sector ignore the productivity
effect on the producers of consumer goods (the diversity effect). And thirdly, entrants do
not take into account that they decrease the effective market size for their competitors (the
business stealing effect).

g
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Figure 9.1  Market equilibrium versus  social optimum

Figure  9.1   depicts the comparison between the market equilibrium  and the social  opti-
mum. Panel (A) depicts the growth rate in the market equilibrium (gM) and in the social

optimum ( FB   whereas Panel (B) depicts the number of firms (product diversity) in the
market equilibrium  (N M)  and  in  the social optimum  (N FB). The Figure is constructed
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using equations (19), (20), and (28).13

With respect to the rate of growth, we conclude that the market rate of growth is
optimal at 0 =E/(£-1). This is the specific value for the preference for diversity implicitly
assumed by Dixit and Stiglitz   (1977). The number of product varieties supplied   by   the
market (N M) is suboptimally low at this point, which basically restates the Dixit-Stiglitz

result. Market power of the intermediate goods producers results in non-competitive

pricing whereas labour can be hired in a perfectly competitive labour market. Therefore,
in the assembly sector, the use of inputs is distorted into the direction of labour (Lc/M,g is
too high from a social point of view). The too low aggregate demand for intermediates
results     in too little variety of intermediates. The growth    rate    is    at the socially optimal
level   in   the  market  economy,   as   in  this  special  case   the  elasticity   of demand both reflects
excess entry due to business stealing and the contribution of variety to overall producti-
vity. 14 Hence, the product diversity effect   and the business stealing effect happen   to   be

of equal magnitude (4 Grossman and Helpman (1991, Appendix  A.3.3)).
To the right of the intersection of gw and f, the increasing returns to variety are

strong but not (fully) reflected in the market by a high mark-up (as in the special case dis-

cussed before). The relatively low mark-up means that profit opportunities are gloomy
and hence that the market only supports a low number of firms (see panel (B) of Figure

9.1).  Hence the number of firms  in the market is suboptimally low. Investing  in  R&D  is
a fixed cost that can be spread over more sales in case the market is larger. Hence, the
existence of a low number of firms makes the return to R&D high and causes the market
to produce a suboptimally high growth rate. Left to the intersection of the curves N M and

N FB, the argument presented above can be completely reversed; when the returns to var-
iety are low, the market provides too much variety and too low a rate of growth. In the
intermediate case where  q<a< 8/(8-1) the market provides too little variety  and too  low  a

13

From  equations  (19),   (20),   and  (28),  we can derive the partial derivatives  of the growth  rate   and
number of firms with respect   to   a:   agM/aa =aN Af/80=0,   ariaa<o,   algFB/Bo' >0,   and   aN FB/Ba >0,
az 82< 0. The point of intersection  of  gFB  and  gM  is  at  a =£/(£-1). The point of intersection  of NFB  and
N"   (point q i n Figure   9.1)   is   at   0=1+ [B(p-1) + 1]/[B{p(£-8)-(1-8)}1. By straightforward calculation   it
follows that 1 +1/(B(p-1))<q<E/(£-1).

I4 Another way of putting this is to say that firm Size is optimal, and the decision to invest in R&D is
not distorted in any other way. There is no appropriability problem as there are no spillovers, hence the
firm's knowledge base is independent of the number of firms. The private surplus from innovation equals
the social surplus.
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rate of growth. The intuition for this result can be explained in three steps. (1) In the
parameter range under consideration the social return to variety is relatively    low.    The

entry decision, however, is based on the price elasticity (E) that is relatively low (profit
opportunities are relatively    high). This suggests a tendency for excessive entry.    (2)   A

countervailing power arises by distortionary pricing of differentiated goods producers. By
cost minimization of the assembly firm, this leads to too low aggregate demand for inter-
mediates. This biases the entry decision downward. On balance entry is suboptimally low.
(3) As we have seen, non-competitive pricing as such does not impede a Pareto optimal
growth   rate (see panel   (A)   at   a= £/(£-1)).   For the growth   we   only   have   to   take   into

account   the   part   of the argumentation under   (1).15 This implies, following the logic

phrased above, a suboptimally low rate of growth.

9.4.3  Decentralizing  the first  best  social  optimum

Having determined the first best social optimum, we are now ready to analyze how a
policy should look like that can support the first best social optimum as a competitive
equilibrium. Having three distortions in our model, three instruments are in principle
required to decentralize the FBSO. However, as we will show, in this specific model two
instruments suffice.16 We introduce two policy instruments, namely an output subsidy  on

intermediates (s) and a lump sum tax levied on firms producing the intermediates (T). 17

We assume that the revenues that the government needs in order to be able to pay the

Is This reasoning  can be illustrated as follows: if mark-up pricing (leading  to  too low aggregate
demand for intermediates) would evaporate, the distortions on growth and on variety would be balanced
again.  This is easily demonstrated by setting B equal  to one (i.e., no direct labour  is  used  in the production
of consumption goods).   It then holds  that  q=E/(6-1),   so  the area between  q  and   E/(€-1) in Figure  9.1
vanishes.   Note the similarity   of this version   of the model   (with B=land a=6/(6-1)) with the model of
Grossman and Helpman (1991, chapter  3).

16 This result resembles the result in Barro and Sala-i-Martin (1995, chapter 6) where in a more or
less similar model as ours (without explictly distinguishing between returns to variety and the elasticity of
substitution) a static and dynamic inefficiency can be eliminated with a single instrument. A similar issue
arises in Grossman and Helpman (1991, chapter 3) where three distortions can be eliminated using one
instrument.

17   We could as well introduce a subsidy on the use or purchasing of intermediates in the assembly
sector. It is easiliy verified that this subsidy should equal 1/6. This subsidy is required to correct for the
distorted price of the intermediates due to monopolistic price setting.
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subsidies are generated in a non-distortionary lump-sum fashion by taxing consumers.
Profits of firms producing intermediate goods are now equal lr=Xp,(1 +S)-(4+L,+Lt)w-T.
Following the same procedure as in sections 9.2 and 9.3, we can solve for the equilib-
rium rate of growth and interest, the equilibrium number of intermediate goods pro-
ducers, and the equilibrium allocation of labour over the various activities (see Appendix
C).    Putting the equilibrium values equal to those   in the first best social optimum yields
the optimal output subsidy and lump-sum tax. As shown in Appendix C, this gives rise to

s = __L , 0 and  T = F--L-a   EL/#(P-1)-0   .                 (30)8-1 te-1 E[B(a-1)(p- 1)-1]

Decentralization of the first best social optimum thus requires an output subsidy that is
larger the more market power producers of intermediates have (i.e. the less substitutable

the   intermediates   are). This subsidy corrects   for the distorted price   of the intermediates
due to monopolistic pricing and the associated too low demand for intermediates that
results from this price distortion. The lump sum tax (or subsidy, depending on whether
the returns to variety as measured by a is larger or smaller than the mark-up) is required

to make firms of the correct size or, to put it alternatively, to sustain the first best
number of firms. It thereby corrects for the profit destruction effect and the product
diversity effect. Both the size and sign of the lump sum tax crucially depend on the
returns to variety and the elasticity of substitution between intermediates. If returns to
variety are relatively large compared   to the mark-up   (a> 8/(6-1)), a subsidy should   be

granted  to the producers of intermediates  (T< 0), in order  to  keep more firms alive  than

could otherwise be sustained. This is understood since the problem of excess entry
resulting in profit destruction is limited given the limited market power firms have, while
the problem of insufficient entry resulting from the returns to variety is large. Hence,
there is insufficient entry    and a subsidy is required.     In case returns to variety    are

relatively small, a lump-sum tax should be levied. In the special case where the returns to
diversity are exactly equal to the mark-up, no lump-sum transfer is needed and the first
best social optimum can be achieved by just granting the producers of intermediates an

output subsidy.
To conclude this section, we have seen that the market growth rate is optimal in

the special case when a =E/(8-1), while the number of varieties served by the market is
suboptimally   low.   This   last result reiterates the Dixit-Stiglitz result of insufficient entry,
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but now in a dynamic context. In this special case, the FBSO can be replicated in a
decentralized economy by granting intermediate goods producers an output subsidy. If the

diversity effect is stronger, the market provides a suboptimally high growth rate and
features insufficient entry. Besides an output subsidy,   a  lump sum subsidy to intermediate
goods producers is needed to replicate   the   FBSO. If, however, the diversity effect   is  less
pronounced, growth is suboptimally low and the market might support a number of
varieties that is either too high or too low from a social viewpoint. Decentralization of the
first best social optimum requires an output subsidy and a lump-sum tax on intermediate

goods producers.

9.5 The optimal number of permits

Successful implementation of industrial policies to achieve the first best results derived in
the previous section   may be difficult and unrealistic. They require enormous amounts   of

information for the government  (and the government to behave  in a benevolent manner).
In this section, we consider the second best problem of choosing the welfare maximizing
number of firms, taking as given the non-competitive behaviour after entry of intermedi-
ate goods producers (this closely resembles the analysis in Mankiw and Whinston (1986),
but now in a dynamic context). Hence, it is assumed that the social planner cannot control
the behaviour of a given number of firms, but can choose the number of allowances. In
order to derive the socially optimal number of permits to be put on the market, we derive
an explicit expression for welfare (given the behaviour of firms).

Recall the utility function introduced in section 9.2

00  1-p

uo   =    f Er       e -"dt. (31)

S 1-P

Using

C,    = X,BLQB, (32)

and the fact that the allocation of labour and the growth rate are constant over time, we
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arrive at

UO=  [(N'h L "L'-B '-p                                                                 (33)0 4 C
e[(1 -p)Bg- eltdt,

0     1-p

where   ho  is the initial productivity level (which subsequently grows  at the constant  rate  g).

Integrating this expression finally yields

1

Uo =                                               (34)
(p - 1)[Bg(p -1) + 0] [(N'hoL*\BL -B]p-1

The next step in our analysis is to characterize the effect of a change in the number of
product varieties on utility. The sign of the derivative of the present discounted utility
w.r.t. N equals

( dUA (   1     1 aL- 1 8Lr
P         el  (35)sgn. 1-1  -  sgn. 1 GB- + 0--+(1- B)--1 +

(dN J l N LxaN LcaN Bg(p- 1)+0 8NJ
Utility is affected by an increase  in the number of varieties of the intermediates  (i.e.,  the
number of permits issued by the governmenO through four channelsts.

1.             There   is   a direct positive productivity effect (the first term); this is due to the
diversity effect in the Ethier specification. This effect is increasing in a, the
returns to diversity parameter, and decreasing in N, the level of variety already

attained;
2.    There is a negative volume effect (second term) related to business stealing or

profit destruction; more varieties reduce the size of firms producing intermediates

and thereby reduce the produced volume of intermediates;
3.               There    is a negative effect on consumption goods production (third   term);    more

varieties are resource consuming by the increase of the total fixed cost in the
economy, reducing labour available for production of the consumption good in the

assembly sector.

4.     There is a negative growth effect (the fourth term); more varieties reduce the scale

18   Note that in performing this analysis, we look at an exogenous change in N. The number of firms
is determined exogenously. We assume in other words that entry is blocked   (or,   alternatively,   exit  not
required). The solution of the model under the assumption that there is no free entry is given in Appendix
D.
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of operations for each firm and hence the profitability of engaging in R&D. The
weight for this (negative) effect depends negatively on the pure rate of time
preference (0),and positively on the intertemporal elasticity of substitution (1/p).

The negative effects are essentially caused by two factors,  viz., an effect running via the
'potential of the economy to have large intermediate goods producers with a high growth
potential' (L/Al), and an effect running via the supply of labour available for productive
purposes (L-NLy) that is affected by increases in fixed costs following an increase in var-
iety.

The optimal number of firms in the second best social optimum (SBSO) can now
be derived as

NSB . B<0 -1)(P-1)-1 P EL  ,                          (36)11(p-1)EL,-8 11(0-1)+1

Comparing this solution with the solution for the FBSO (equation (28)) reveals that the

product variety chosen by the planner who has only one instrument at his disposal is
exactly equal to the FBSO. This reflects the fact that the marginal utility of an additional
variety is independent of the rate of growth. So comparing the SBSO for the number of
intermediates with the solution in the decentralized equilibrium gives rise to the same
conclusions as described in section 9.4.2.

In the special case where  B= 1   (i. e., only intermediates  are  used  in the assembly

sector and hence the potentially distorting market failure due to mark-up pricing becomes
ineffective as relative prices   in the assembly sector   are no longer distorted), the second
best   growth rate equals the first   best. 19   So   when the distortion in factor allocation
resulting from mark-up pricing by intermediate goods producers is 'eliminated', the social
planner that has only one instrument at his disposal (the number of permits) can perfectly
replicate the FBSO.

In   the more general   case   with  B<  1, the growth   rate   in the second   best is always

lower than in first best (see Appendix D). Finally, comparing the growth rate in the
SBSO with the market equilibrium basically yields the same qualitative conclusions as in
section 9.4.2. In the special case of a=E/(8-1), the implicitly chosen growth rate by the

19 We refer to Appendix D for the solution of the growth rate.
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planner is lower than the market growth rate (remind that the planner chooses the first
best number of firms, which is higher than the market supports). This reflects the
predetermined weight on the lack of variety in the Dixit-Stiglitz specification, for which
the planner solves.

Figure 9.2 compares all three growth trajectories with the accompanying variety

g
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Figure 9.2 Market, FBSO and SBSO compared

for different values of a.zo The comparison of the SBSO with the FBSO shows, as stated

above,   that the optimal number of product varieties is equal   in both cases.   As the avail-
able instruments are limited in the SBSO it is obvious that, given the equality of the
optimal variety, the growth rate always must be lower in the SBSO than in the FBSO.
Taken that the optimal number of firms is equal in the two welfare exercises and that a
the trade-off between growth and variety exists, the comparison between the market rate
of growth and the growth rate attained by SBSO policy is obvious. It should be noted that

20 The curve  for  the SBSO growth  rate is drawn using the facts that agss/Ba < 0  and  a B/aoi > 0.   We
refer to Appendix  D  for a derivation.
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with a permits policy it is impossible to improve both on the number of varieties and the

growth rate at the same time.

9.6 Knowledge spillovers and welfare

Spillovers of knowledge are persuasively found in empirical research. A spillover is a
classical example of an externality, and hence from the point of view of welfare analysis
of crucial importance. Empirical research shows that knowledge creation in the form of a

granted patent, or research activity in the form of R&D spending of one agent is benefi-

cial for other agents in the economy. This simple argument suggests that R&D activity is
too low from a social point of view. Our findings in this chapter rely on a trade-off
between growth and variety. This trade-off is a desirable feature of our model that partly
emerges from the specific nature of knowledge that we assume. Knowledge is specific to

a firm or organization and in that sense it is excludable. The very nature of knowledge,

however,    is   that   it is non-rival (e.g., Romer (1990)). Rather convincing empirical
evidence shows that, to a certain degree, knowledge spills over between firms and
sectors.21 Therefore we relax the assumption of perfect excludability of knowledge,

applied in the analysis so far. In this section, we analyze the impact of an additional

externality   in our model. This serves an additional   goal   in   that it allows   us to illustrate

under what conditions the engine of growth used throughout the steady state analyses in

this  thesis is characterized  by the absence of scale effects in growth under free entry.

9.6.1 Modelling knowledge spillovers

To introduce spillovers in the model we postulate an extended engine of growth

11, =  <hf F  - * Lri,   F,=FthA ,  j*i, (37)

where a measures the degree to which the returns to investments in R&D are

appropriable, and F, is the relevant knowledge pool available for firm i, which is not

21 Comprehensive surveys are provided by Griliches (1992) and Mohnen (1996).
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accumulated by firm i itself. The smaller a, the larger the disincentive effect for firms
investing in R&D will be. Setting ot equal to one yields the original equation (10) for
knowledge accumulation in which the returns to knowledge are fully appropriable. Some
features of this functional form are worth noticing. First, and most important for the
welfare analysis performed here is that an externality is introduced. By means of R&D
activity all firms contribute to the common knowledge pool, which they do not take into
account when determining their behaviour (purposely spilling knowledge is excluded;  i.e.,
we abstain from strategic interaction since we assume the number of firms to be large
throughout the analysis). Secondly, firm i does not benefit from firm j's R&D activity
unless it engages in R&D activity itself.22 Thirdly, if F, is time-invariant, R&D activities
run into diminishing returns, unless a= 1. 23

The solution procedure of the model is similar as before, as in the derivation of
the first order conditions F, is taken parametrically by firms (as firms did in part I of this
thesis with respect   to the productivity bonus).   To   get more insight   we   have   to   put   more

structure   to the model by being explicit about the knowledge   pool. In empirical   work
different R&D or knowledge stocks are weighted according to 'technological distance' or
input-output relations; in our stylized model these concepts are not defined explicitly. We
propose

N

Fi=IN*-ihj, j#i, 020. (38)

j.l

Hence,  only the degree of duplication  (0 < 1) or inspiration  (0 > 1) is taken into account.
If  0 < 1, the marginal effect  of the entrance of other firms  with an average knowledge
stock is declining. A different   way of understanding   what    0<  1    means    is to think   of
duplication of already developed knowledge. The 'inspiration'  case in which 0>1  implies
that contact with an additional firm in possession of the average knowledge stock
increases the knowledge  pool  more than proportionally. Ideas  can  thus be created through
possible 'neue combinationen'.

22    Cohen and Levinthal (1989) stress the importance of R&D to learn to absorb knowledge developed
by other agents  in the economy.

23 This fundamental change of putting a smaller than 1 is introduced as in the symmetric equilibrium
Fi grows at the same rate as hi, and hence to analyze a steady state with spillovers and a constant growth
rate   we  need to introduce  a <  1.
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Defining  h  as the average knowledge stock of firms (h =Ehj/Al), the knowledge
accumulation function boils down to

hi    =    EN* (1 - G)hia Kcl- a,L (39)
ri

9.6.2 The market solution

Replacing the 'old' engine of growth (equation (10)) by equation (39), we can solve for
the market equilibrium of the model where we proceed along the same lines as section
9.3. The first order conditions  that are obtained performing dynamic optimization  are

aH-0-D- e W,
(40)

aL                      - *'       8 -1 h, 'xi

according to which firms engage in mark-up pricing (compare equation (13)),

3 -  -  0    -   w,  = Phithia(N*K)1-=, (41)8L
ri

showing that firms allocate R&D labour to this sector as long as the marginal benefits of
doing so exceed the marginal costs (compare equation (14)), and

a

2  +  ftit   -   2  + L. 2  ' -1   +  a "41"'fl'        -   ··                                         '42)

which    is    the no arbitrage condition (compare equation   (15)). The model is closed   by

imposing full employment labour market equilibrium (equation (16)) and imposing
instantaneous profits   in the intermediate goods sector   (10   to   equal zero (equation   (17)).
Imposing symmetry and using that A/Ph=-g,   we  can then derive by combining the first
order conditions of firm behaviour that

Lz  =   r + (1- a)g    and   4  =         Z        .                                                             (43)
EN«1:) (N«1 -I)

Combining this with the Ramsey rule and the zero profit condition results in a relation
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between the rate of growth and the number of firms that looks like

(s -1)EL,N*(1-M - 8
g zp  =                                                                                                                                             (44)

P(p -1) + (1-a) -(£-1)

This result reveals that the rate of growth that can be obtained is increasing in the number

of firms, since each individual firm adds to the knowledge base from which all individual
firms   in the economy can benefit (unless 0=0 and/or  a= 1). Combining goods-   and

labour-market equilibrium, the zero-profit condition and the Ramsey rule, we obtain a
second relation between the growth rate and the number of firms that equals

E P(g -1)L  _ 0
g LME  =     eN' -*1.13 (45)

11(p-1)+(1-a).

Given the operation of the labour market constraint, more firms leave less labour for
R&D which will depress the rate of growth, unless the degree of inspiration is large

(0 > 1/[l-a];  a  case  we  will not consider here). Confronting these relations  in a graph

yields the solution of the model as the intersection of the two curves. The graph is

depicted in Figure 9.3.
We will now consider three eases. In the first case, the number of firms does not

enter the knowledge base (0=0), and knowledge is completely firm specific (a= 1). This
is the case considered in section 9.3. In this case, the gzp-locus is horizontal in Figure
9.3. The figure reveals  that this (version  of the) model is characterized  by the absence  of

scale effects in growth. An increase in L shifts the  LME_locus to the right, resulting in an
equiproportionate increase in the number of firms, leaving growth unaffected. In the
second case, we leave 0 equal to zero, but we allow for knowledge spillovers by allowing

a to be smaller than one.24 In this case, both loci in Figure 9.3 shift downwards. The
rate of growth and the equilibrium number of firms can in this case be derived as

(e - 1)<Lf - 0 N  =   ABLIB(p - 1) + (1 -a) -(e - 1)] .     (46)g=
B(p -1) + (1-a) - (8-1) s [ELP(p - 1) + (1 - a)  - 81

A decrease in a, that is spillovers become more prominent, will decrease the rate of

24  This case is examined in Van de Klundert and Smulders (1997), and also in Van Schaik and De
Groot (1998) in the context of a model on growth and unemployment.
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Figure 9.3 Growth and scale effects; an extended knowledge base

growth and increase the number of firms.25 Less R&D activity means a lower fixed cost
burden resulting from R&D expenses (further denoted as a 'quasi-fixed' cost), and hence

entry is higher with spillovers than without spillovers. The model is still characterized by
the absence of scale effects since the f-locus is still horizontal, and the trade-off
between growth and variety prevails. Finally, we consider the case in which 0 is also
taken to be positive. In this case, the f-locus is upward sloping since more firms imply
that there is more knowledge available which (partly) spills over to other firms and
thereby has a positive effect on growth. The equilibrium rate of growth is now no longer
independent  of the scale  of the economy. An increase   in L leads  to an outward shift  of  the
gLME-locus and leaves the gzP-locus unaffected, and thus increases both growth and the
number of firms (due to non-linearities, a closed form solution for the rate of growth and
the equilibrium number of firms cannot be obtained). This conclusion is important in the
light of the discussion in parts I and II of this thesis. There we concluded that under the

25 The effect on the number of firms follows from explicitly solving for N and taking the derivative
with respect to a. This reveals that the equilibrium number of firms unambiguously declines in a.
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regime of free entry, the steady state was characterized by a dichotomy between the

growth and the labour market block of the model. Increases in benefits, for example,

resulted in increased unemployment and reduced effective supply of labour  (L- U). Under

free  entry, this forced some firms to leave the market  but  left  the  rate of growth unaffec-

ted. The analysis    in this section makes clear    that this result partly depends    on    the

modelling of the knowledge base in which only average knowledge was assumed to play a

role and no measure of total knowledge.

9.6.3 Market  equilibrium compared to the first best social optimum26

An analytical comparison of the market equilibrium with the first best social optimum for

the general case is intractable due to non-linearities in the expressions for the growth rate,

the allocation of labour and the equilibrium number of firms. Appendix D provides some

computational details where the implicit functions describing the first best and the market

equilibrium are given. In the remainder, we restrict attention to the main conclusions and

focus on the intuition behind the results we obtain. In order to focus on the externality

resulting from spillovers, we exclude distortionary pricing (by putting B equal to one),
and we restrict attention to the Dixit-Stiglitz specification where the productivity effect

and the business stealing effect cancel (i.e. a=g/(6-1)). The knowledge spillover is thus
the only remaining distortion in the economy.27

Looking  at the disincentive effect in isolation  (a < 1  and 0=0), growth is subop-

timally low and variety is suboptimally high. Starting off here, a ceteris paribus increase

of 0 results in an increase in the growth rate, as N enters the knowledge base. It can be
shown  that  for  some *>lthe market  rate of growth  it  too  high  from a social point  of
view and that variety is too low, the opposite result of the case where the disincentive

effect operates alone. The logic here is simple. With 0=0 growth is lower than optimal

26   We will not consider the second best analysis since this is beyond the scope of this section that is
only intended to give a feeling for the issues that are at play when extending the knowledge base and for the
sensitivity of the results derived in this chapter for the knowledge base.

27      In  terms of Figure  9.1, q becomes equal  to 8/(E-1)  so the region between  q  and E/(6-1) disappears

(see also foomote 15)  and we focus only on the vertical line through E/(6-1) on the horizontal axis. Hence
both growth and variety are, except for the distortion due to knowledge spillovers, optimally supplied by the
market.
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due to the disincentive effect and consequently too many firms can survive in the market.
At some 0, increases in variety are so potent in the growth engine (the inspiration
externality obtained from new entrants is very large) that lower input of R&D in
exchange  for more firms  is  to be preferred  from a social point  of  view. 28
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Figure 9.4 Optimality of growth and variety with an extended knowledge base

Figure 9.4 provides a welfare analysis in the a-0-space. The figure is based on
numerical analysis (sensitivity analysis has revealed that the qualitative results are not
sensitive for changes in parameters). Details and parameter values are provided in
Appendix D. Every point  in the grid represents a different a-0 combination keeping  the

other parameters fixed. At every point the growth rate and variety supported by the
market are compared   to the optimal growth   rate and optimal variety. The lines   in   the

figure demark regime switches with respect  to the optimality.
We initially focus on the vertical dimension in the figure: starting at a certain

value for a, we increase 0 from zero. At 0=0 only the disincentive effect is present and

the effort put into research is too low and hence the 'quasi-fixed' research cost is low and

28 The market thus creates a fixed cost burden that is too high for social optimal entry.
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entry is suboptimally high. At the NN-line the number of products sustained in the market
is optimal. Above the NN-line, 0 is that high, implying variety is so potent in the growth
engine, that despite the disincentive effect entry   is   too   low   from   a social point   of  view.
Remember that growth is too low due to the disincentive effect. This as such implies a
relatively low fixed cost. But variety is so powerful in the knowledge base that the social
planner prefers to have more firms in the market. Increasing 0 even further, above the
GG-line where the market rate of growth equals the optimal rate of growth, takes the
economy in a third regime. In this regime the market rate of growth is too high and the
supported variety remains suboptimally low. In this regime the planner would decrease

research effort, as less effort implies less 'quasi-fixed' costs and saved resources. Again,
the decrease in the 'quasi-fixed' cost induces entry. From the planner's perspective it
allows for more variety. And note that variety is, in this parameter range, extremely
potent in the research engine. This counteracts the welfare loss due to the decrease in the
growth rate. In sum, if the elasticity of variety with respect to the growth rate is extreme-
ly  high, the planner is willing to sacrifice growth for increased variety, which makes  the

market growth rate too high despite the disincentive effect.

Taking a horizontal perspective might add some further insight. The upward slope
of the NN-curve can be explained as follows. Starting of from a point on the NN-curve
where the number of firms in the market is at its optimum, an increase in a has two
effects. First, it lessens the disincentive effect, implying that firms in the market increase

their R&D which increases their fixed costs and thereby results in too little entry in the
market compared to the social optimum. This worsens the problem of insufficient entry in
the market equilibrium. Secondly, it lessens the problem of insufficient entry in the
market since 0(1-a) and thus the degree of inspiration has decreased. Since an increase in
0 is required to arrive in a new situation where the number of firms in the market is
again in its social optimum, we conclude that the latter effect of a is dominant. The
upward slope of the NN-curve is confirmed by extensive numerical experimentation with
the  model for reasonable parameter values.

Along similar lines, we can explain the downward slope of the GG-curve. Starting
at a point on this curve, an increase in a has two effects. Firstly, it reduces the disincen-
tive effect and thus makes growth too large from a social point of view. Secondly, it
reduces 0(1-a) which means that entry becomes suboptimally large, firms become

suboptimally small and growth becomes suboptimally small. Since a decrease in 0 is
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required to bring growth   back   to its social optimum,    we may conclude   that the former
effect is dominant.

In this section we incorporated knowledge spillovers, and showed that, unless the
degree of 'inspiration' is very large, the results derived in section 9.4 stand upright. In
the   ' inspiration' regime   a   very high degree of positive interaction between knowledge
developed by different firms in the economy is present and therefore the trade-off
between growth and variety vanishes. The introduction of knowledge spillovers gives   rise
to suboptimalities in the market allocation complementary to the distortions analyzed in
section 9.4. The importance of spillovers is shown by 0 in Figure 9.4. Introducing
spillovers makes the rather uncommon finding of section 9.4 that variety is too low from
a social point of view and growth too high, even more likely.

9.7 Conclusion

This chapter has developed a simple two sector model of endogenous growth. Increased
variety of intermediates was shown to have both a positive effect on welfare via increased

productivity and negative effects via reduced growth and reduced availability of produc-
tive labour. Three potential market failures where distinguished,  i.e., a product diversity

effect, a business stealing effect, and a pricing distortion. The market was shown not to
provide in any case an equilibrium that reflects a socially desirable trade-off between
variety and growth. When returns to diversity are strong relative to the toughness of
competition, the market supports   a   too high growth   rate and yields    a   lack of variety.
When the returns to diversity   are   very   weak this conclusion is reversed. The intermediate
case might deliver a growth rate and a number of varieties that are both too low from a
social point  of view. These results illustrate the importance of disentangling the returns   to

variety and the imperfect substitutability of brands when analyzing the welfare properties
of models of monopolistic competition with endogenous growth. Decentralization of the
first best social optimum was considered and was shown to require in general two
instruments that are needed to arrive at the socially optimal inter- and intrasectoral

allocation of labour. As the assumption of a social planner disposing of all information
needed to implement the first best policy is rather heroic, we also considered a second

best policy in which the planner can only determine the number of permits it puts on the
market. Finally, we discussed an extended version of the model in which we allowed for
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knowledge spillovers. This was shown to change the conclusion that there are no scale-
effects operating   in  the free entry solution  of the model. The general conclusion  that  both
growth and variety can be too high as well as too low stands upright in the generalized
model. The rather uncommon finding derived  in this chapter that variety  may  be   too   low
and growth too high from a social point of view was shown to be even more likely to
occur once we introduce spillovers.

Appendix A. Solution of the Model

In this appendix, we characterize the steady state solution of the model. Using the
expressions for the price of intermediates (equation (13)) and the allocation rule of
research labour (equation (14)), we can derive

&  = .W H Z=l f: -e=  b0 (A. 1)P x w h w  P h
Note that the wage rate is the numdraire (w=1). In the steady state, the allocation of
labour is constant, and the number of firms is fixed. This gives rise to

pc  4
 c    =    Bgx   =   Bg     and       -    =    B -1    = -Bg. (A.2)

C    Pl

So we can write the Ramsey rule as

r+ Bg-8
Bg =                                              (A.3)

P

This equation corresponds to equation (18) in the main text.
Using equations (13),  (14),  and  (A. 1), the no-arbitrage condition (15) yields

-g-r  = -EU·*+L) (A.4)

Imposing free entry and exit in the intermediate goods sector results in zero excess profits
(equation (17)). Substituting the price for intermediates (equation   (13)) and equation   (9)
into the zero profit condition (equation (17)), it boils down to

Lx + 4+ Lf    = __5 (A.5)
L      E-1I

The firm size in relation to the size of the production department is thus equal to the
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mark-up. The larger the mark-up, the more a firm can afford to have large fixed costs

(L,+4) without making losses. The rate of return on investment can now be written as29

r = (<-1)(g+EL). (A.6)

This corresponds to equation (18) in the main text. Confronting the realized and required
rates of returns yields the equilibrium growth and interest rate (equation (19) in the main
text). The equilibrium number of high-tech firms and the allocation of labour can now be
determined using labour market equilibrium (equation (16)), and

NL _LNpxx Lcw xs-1 Lc (A.7)Cpc=-i- SO          = ----
B    1-B       p     1-B'

which shows how the assembly sector optimally chooses between labour and intermedi-
ates. This leaves us with

N - [B(p-1) -(e-1)]EBL  and  Lc = (1-B)L. (A.8)
8[11(p-1)EL,-el

This equation corresponds to equation (20) in the main text.

Appendix B. The first best social optimum

This appendix solves for the optimal number of firms in the intermediate goods sector in
the first best social optimum. Differentiation of equation (24) with respect to time yields

f    =   (1 -p)9  + E-  f£  - h. (/.1)

Ph CNL h
We know by combining the equations (24) and (26) that

    =   0  -  EL   -
BELc

(B.2)

Ph   ' N(1-B)

By differentiation of equation (3) with respect to time, we get (using symmetry among the

Z9 Combining equations    (A.4)    and (10) results    in   4 =r/6. Substitution   of this expression    for
production labour,  and L,( =g/E) into equation (A.5) yields equation (A.6).
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intermediate goods producers)

C X L- [ A  R  A  L.1     L.- - B-+(1-B)-1 - 111(0-1)-+-+-+-1+(1-B)-1. (B.3)
C X LC

[ NNhL*j LC

We now use the fact that Lc and AL, are constant to arrive at

 [1+B(1-p)(0-1)] =e- BELC -B(1-p)23.                (B.4)
N(1-p)            h

Finally, using the solutions for Lc and the growth rate of h (equations (25) and (27),
respectively), we arrive at the following differential equation in N

. = 11(p-1)EL,-0 N- BEL (B.5)N
P(p-1)(O-1)-1 B (c-1)+1

Under the restriction     1/03(p-1)) < 0-1  <EL/0    the    root    of the differential equation    is
positive and the optimum is characterized by a positive and constant number of firms.
This optimum is obtained by setting N equal to zero. This yields equation (28) in the main
text.

Appendix C. Decentralization of the first best social optimum

In this appendix, we derive a policy mix that can be used to support the first best
outcome as a competitive equilibrium. We introduce an output subsidy on intermediates
(s) and a lump-sum tax on firms in the intermediate goods sector (T). The current value
Hamiltonian then reads as

H =xp*(1+S)-(Lx+L,+L»-T+PJhL, (C.1)

The First order Conditions can now be determined as

aH   fe-1)

-  =  hI- (1 +S) -w  = 0, (C.2)aLX  c g

8H-   =  -w + phEh  = 0, (C.3)
aL,

8H- ='Pb -A=L%,pil +s).L-1 +PhEL,· (C.4)
ah                                   i
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The solution procedure is now the same as in Appendix A. Using the zero-profit condi-
tion, the Ramsey rule (equation (A.3)) and labour market equilibrium (equation (16)), we
derive the rate of growth, the interest rate, the number of workers in each intermediate
goods producing firm, and the equilibrium number of firms as

6(e -1)(L,+1) -0 (e - 1)[B(p - 1)E(Lf + D- 0]g= ,r= (C.5)

B(P -1) -(8 -1) 11(p -1) - (8 -1)          '

N= (1 +s)<BL[B (p-1)-(e-1)] (C.6)

(1+Bs)K[BEL,(p-1)-0]+TEB[(p-1)[(8 -11)+Bs(£-1)]+Ce-1)(1+S)]  '

The solutions for the first best output subsidy and lump-sum tax are now easily found by
putting these solutions for the growth rate and the equilibrium number of firms equal to
those   in the first best social optimum (equations    (27)   and    (28)). The first best output
subsidy and lump-sum tax read as

s  =  -zi    and    T  -   fi  - '1,I,(Li'liCI'_ I_ 11                                     C in

These are the equations given in the main text.

Appendix D. The Blocked Entry Model (N fixed)

This appendix solves the model under the assumption that the number of firms is fixed
(equation (A.5) is replaced by N=N). The system of equations from which the solution
can be found consists of equations  (A.1,  (A.4),  (A.7), (10) (combined  with the definition
for the rate of growth), (16), and N=N. We can solve this system of six equations with
six unknowns (g, r, 4, 4, Lc, AD.

The solution for the growth rate is

EL- -ELf-    e -B   0N B(s-1) (D. 1)g=
(p-1)1-0+1

8-1

Combining the Ramsey rule and the fact that 4=r/E (see footnote 29), we can derive

L L+ 1      0

 -   f     B(p- 1) E
Lx   =    B (P- 1)

(D.2)

(p - 1) -5._11 + 1
8-1
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Finally, we derive labour used in the consumption goods sector as

L L+ 1      0

Lc - (1-B)19.-L-(P-1)                                      (D.3)
N -   f     B(p -1) E

8-1 (p- 1)-Ell + 1
8-1

Taking derivatives yields

aL      aL
f< 9      -5<0; f<<0. (D. 4)

BN 8N BN

The optimum is found by putting dUo/dN equal to zero (see equation (35)) which results
in

N Sa - (11(p-1)(c-1)-1)L

[(1- B) + Ba] Lf(p -1) - <8  

(D.5)

Substituting this solution  for the second best number of firms into equation  (D. 1) yields
the solution for the second best rate of growth

EL[ P 1_0[Bp(0-1)(s-B,-BCo-1)(1-B)-(1-1 )1
gEB=(8-1) 11 (P-1)(0-1)-1)1

1 B(e-1)(B(P-1)(O-1)-1) ]
Ce-B)(p-1)+(8-1)

(D. 6)

Finally, we compare the growth rate in the second best social optimum with the first best
rate of growth (equation  (28)). This yields

 SB_ FB = (1-11) -EL,(p-1) -20(0-1)[(p(e-B)-(1-B)]      (D.7)
[11(p-1)(a-1) -11[(8 -B)(p- 1) + (%-1)]

Using the conditions  #(p-1) >(8-1) > 0/(84)  and  #(p-1) > 1/(g-1)> 0/(64),  it  is  easily  seen
that the growth  rate  in  the  SBSO is always lower  than in the FBSO. Equation (D.1) gives
the market rate of growth as a function of the number of intermediate goods producers.
Using the notion that NSB=NEB=NA' at the point q (see footnote 13), it is evident that
gM=gSB   at   a=q. When returns to diversity are relatively strong   (a > q), growth   in   the
markft is larger than growth   in  the FBSO, whereas the opposite holds   if  a < q. Using
agiaN<0 (see   equation   (D. 1)) and aNsRjaa>0, we derive agSBiao<0. Along the same
procedure, it follows that  2 SB a02 > 0.
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Appendix E. Numerical simulations with extended knowledge base

The solution to the following maximization program yields the allocation of labour and
number of firms that maximizes the utility of the representative agent:

H  =    11    [(L-N(4+4+Lf))1-B<N°hZ.z)#]1-p +PhghN*(1-.)4.                        (E. 1)

The First Order Conditions corresponding to this problem are

8H- =0  - (1-B)NLx - BLC, (E.2)

aLS

BH cl_PN
-  -0    **   Ph  -  (1 -11) (E.3)

aL                                 LCEN*(1- 41 'T

aH L-L,1
.E =0  -  Ct-p Bc-(1-B)--c- +PA(1-a)$<hZ.,N«1-0) =0,(E.4)

BH (1.  0 (E.5)A + -   =  eph     -    bit  + -r- + pitEN*1-*L.  =  0,Ph.ah

By substituting equations (E.2) and (E.3) into (E.4), we derive an expression for LC in
terms of L, 4 and N. Substituting this expression and equation (E.2) into the equation for
labour market equilibrium, and using the knowledge accumulation equation (39) we derive
a relation between the growth rate and the number of firms:

g AT - EN*t_*, [ 11(0-1)       L _     1+B(0-1) Ll (E.6)

[1+11(a-1)-(1-a)$ N  1+B(0-1)-(1-a)$ f]

Using the dynamic equation for the shadow price (equation (E.5)) and substituting
equation (E.3) a second relation between the growth rate and the number of firms can be
derived (based on dynamic considerations, DYN):

g:Ar = EN*'-a)[              1               01 - 6(1+B(O-1))11.(E.7)
L B(p-1)(1+11(0-1))+(1-a)*B C  N     EN«11)  )]

Deriving an explicit expression for the optimal rate of growth and the optimal number of
firms   is only possible in special cases (for example  in  case   0 = 1/(1-a)). In general,   non-
linearities do not allow us to derive explicit solutions and hence we rely on numerical
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techniques to analyze the interaction between the parameters driving spillovers and the
optimal rate of growth and number of firms.

For the market equilibrium similar expressions to (E.6) and (E.7) can be derived, but we
need to use a somewhat different solution strategy than is used in the main text. Combin-
ing the zero profit condition and the demand condition governing the allocation of labour
between the two sectors with labour market closure and the growth engine (equation
(39)), yields a relation between growth and the number of firms (based on static
optimality conditions, STAT):

,&'r -  EN"'-" Iff- 4 .                                                                  O.8)

A second relation between g and N based on the dynamic equation governing knowledge
accumulation (15) and the Ramsey rule yields:

gjm - EN«'-•)     1      Elpf -   8  11.             (E.9)
Ll-a+B(p-1) C g

EN«1 -=, )

Having established the solution for g and N (in implicit form) for both the first best social
optimum and the market equilibrium, we can determine the curves in Figure 9.4 by a
numerical solution procedure. The procedure used to derive the curves in Figure 9.4 is as
follows: the GG-curve is found by solving for 0 such that the growth rate in the market
equals the growth rate in the first best optimum for each value of a. Similarly, the NN-
curve is found by solving for 0 such that the number of firms in the market equals the
number of firms in the first best social optimum fur each value of a. In the numerical
experiment underlying Figure 9.4, the following parameters values were used: B=1,
8=4.7, a=l.27, 4=0.5, L=100, p=6, 0=0.01, and $=0.006. Remark that distor-
tionary pricing is excluded by setting B equal to one and that the productivity effect and
the business stealing effect cancel as a= 8/(2-1)=1.27.
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Samenvatting (Summary in Dutch)

Productiviteitsniveaus, economische groei, werkloosheid en de graad van industrialisatie
zijn belangrijke indicatoren voor het economisch presteren van landen. Deze indicatoren
vertonen duidelijke trendmatige ontwikkelingen over de tijd, evenals belangrijke verschil-
len en overeenkomsten tussen landen. In dit proefschrift worden theoretische modellen
ontwikkeld die bijdragen aan een beter begrip van de factoren die bepalend zijn voor de
welvaart van landen. De nadruk zal hierbij liggen op een analyse van economische groei,
werkloosheid en de sectorale samenstelling van economieen. De te ontwikkelen modellen
combineren inzichten uit de theoretische en empirische literatuur op het gebied van de
arbeidsmarkt, economische groei en industritle organisatie.

Het eerste hoofdstuk is bedoeld als een introductie en motivatie voor de onderhavi-

ge studie en bespreekt de gerelateerde literatuur over groei, werkloosheid en sectorstruc-
tuur. Om te beginnen wordt een overzicht gegeven van een aantal empirische wetmatighe-
den die een belangrijke bron van inspiratie hebben gevormd bij de totstandkoming van dit
proefschrift. Ten eerste wordt ingegaan op het relatieve presteren van Europa ten opzichte
van de Verenigde Staten. Hoewel de periode volgend op de Tweede Wereldoorlog (1950-
1973) gekenmerkt werd door een relatief hoge groei in Europa die heeft geresulteerd in
het inlopen van Europa op de Verenigde Staten, is er sinds het begin van de jaren
zeventig sprake van relatieve stagnatie; relatieve productiviteitsniveaus blijven min of
meer constant, waarbij de niveaus in Europa significant lager zijn dan die in de Verenigde
Staten. Tegelijkertijd is het werkloosheidsniveau in Europa stapsgewijs en drastisch
toegenomen van ongeveer twee procent in het begin van de jaren zestig tot het huidige
Europese gemiddelde dat ruim boven de tien procent ligt. In tegenstelling tot Europa
fluctueert het werkloosheidspercentage   in de Verenigde Staten altijd   rond   de zes procent.
De vraag die zich op basis van deze empirische gegevens aandient is of, en zoja hoe,
economische groei, werkloosheid en relatieve arbeidsproductiviteit aan elkaar zijn
gerelateerd. Deze vraag staat centraal in de delen I en II van dit proefschrift. Een ander
empirisch fenomeen heeft betrekking op de typische ontwikkeling van de sectorstructuur
die economieen gedurende hun ontwikkeling doormaken. Deze ontwikkeling kan worden
getypeerd in termen van werkgelegenheidsaandelen alsook in termen van aandelen in de
toegevoegde waarde van een economie. Wanneer we kijken naar werkgelegenheid, zien
we een patroon van almaar dalende werkgelegenheidsaandelen van de landbouwsector,

stijgende werkgelegenheidsaandelen van de dienstensector en een in eerste instantie

stijgend aandeel van de industrie wat later gevolgd wordt door het relatief kleiner worden
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van de industriale sector. Wanneer we kijken naar sectoraandelen in termen van toege-

voegde waarde in constante prijzen zien we een heel ander beeld. De ontwikkelingen zijn
hier veel minder dramatisch. Grosso modo kan worden gesproken van een constant
sectoraal aandeel van de industrie in het reeel BBP, en een licht stijgend, respectievelijk
dalend, aandeel van de dienstensector en de landbouw. De vraag naar de oorzaken van
deze typerende ontwikkeling van de sectorstructuur komt aan de orde in deel III van dit
proefschrift.

Deel  I.   Relatieve   productiviteit   en  werkloosheid

Deel I is gewijd aan het relatieve presteren van landen. Getracht wordt een antwoord te

vinden op de vraag welke factoren bepalend zijn voor relatieve productiviteitsniveaus en
werkloosheidspercentages. Daartoe wordt een twee-landen en twee-sectoren algemeen

evenwichtsmodel ontwikkeld dat gekenmerkt wordt door endogene groei en een duale
arbeidsmarkt. In de uitgangssituatie is er sprake van een leiderland dat, historisch

bepaald, gekenmerkt wordt door een hogere productiviteit dan het volgerland. In beide
landen is een traditionele en een technologisch hoogwaardige sector aanwezig. In de
traditionele sector worden homogene goederen geproduceerd die niet-verhandelbaar zijn.
In de technologisch hoogwaardige sector opereren ondernemingen onder monopolistische
concurrentie die elk een eigen, gedifferentieerd product produceren. Op de wereldmarkt
vindt handel plaats in deze goederen. De enige productiefactor in het model is arbeid.
Economische groei resulteert in de geest van Schumpeter uit technologische vooruitgang
die optreedt in de technologisch hoogwaardige en onvolledig competitieve sector. De
snelheid van technologische vooruitgang wordt gedreven door twee factoren. In beide
landen vindt technologische vooruitgang plaats door de inzet van arbeid voor Onderzoek
en Ontwikkeling. Daarnaast ontvangt het volgerland een productiviteitsbonus. De relatieve
achterstand ten opzichte van het leiderland maakt dat de productiviteit van Onderzoek en
Ontwikkeling relatief hoog is, omdat reeds in het leiderland bestaande technieken tegen

geringe kosten overgenomen kunnen worden. Een laatste essentieel kenmerk van het
model is dat er, in tegenstelling tot de traditionele sector, in de technologisch hoogwaardi-

ge sector een niet-competitief loon wordt betaald. De oorzaak van de totstandkoming van

dit  niet-competitieve  loon  is de aanwezigheid van overwegingen van 'efficiente lonen';
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ondernemers in de technologisch hoogwaardige sector, waarin onvolledige mededinging

heerst, betalen relatief hoge lonen om daarmee de productiviteit van hun werknemers
positief te beTnvloeden. Dit niet-competitieve element op de arbeidsmarkt kan resulteren
in werkloosheid, voortvloeiend uit verstoringen in de allocatie van arbeid over de te
onderscheiden sectoren. De explkiete nadruk in de analyses op het belang van sectors-

tructuur, niet-competitieve loonverschillen en verstoringen in het aanbod van arbeid voor
de gezamenlijke bepaling van economische groei en werkloosheid onderscheidt deze
hoofdstukken van reeds bestaande literatuur.

Het model dat in hoofdstuk 2 wordt ontwikkeld is in vele opzichten een eenvoudi-

ge en elementaire weergave van het hierboven beschreven basismodel. De gemaakte
veronderstellingen van een gegeven aantal ondernemingen in de technologisch hoogwaar-

dige sector, een gegeven fractie van productiearbeiders die wordt ingezet voor Onderzoek

en Ontwikkeling en de afwezigheid van intertemporele afwegingen in de allocatie van
arbeid over de onderscheiden sectoren vereenvoudigen de analyse en geven de lezer een

goede eerste indruk  van het basismodel. In latere hoofdstukken in deel  I  en II worden de

vereenvoudigende veronderstellingen losgelaten. De centrale vraag in hoofdstuk 2 is
vervolgens wat de consequenties zijn van verschillen in de vrijgevigheid van sociale
zekerheidsstelsels voor werkloosheid en relatieve productiviteit. De centrale conclusie is
dat landen met relatief hoge werkloosheidsuitkeringen gekenmerkt worden door relatief

hoge    werkloosheid. De reden hiervoor is gelegen    in   het    feit   dat hoge uitkeringen    de
kosten van wachten op de relatief aantrekkelijke banen in de technologisch hoogwaardige

sector verlagen. Daardoor kiezen relatief veel mensen ervoor als werkloze te wachten op

een vrijkomende baan in die sector. Deze hoge werkloosheid gaat gepaard met een relatief

gering aantal mensen dat wordt ingezet voor Onderzoek en Ontwikkeling. In de even-
wichtssituatie resulteert dit in een productiviteitsniveau dat in het volgerland persistent
lager is dan in het leiderland.

In hoofdstuk 3 wordt het model van hoofdstuk 2 op een drietal manieren geamen-
deerd. Ten eerste wordt het aantal ondernemingen in de technologisch hoogwaardige

sector bepaald onder invloed   van een proces van vrije   toe- en uittreding. Ten tweede

wordt de door technologisch hoogwaardige ondernemingen ingezette hoeveelheid arbeid
voor Onderzoek en Ontwikkeling bepaald op basis van intertemporeel optimaliserend
gedrag. En tot slot maken werknemers intertemporele afwegingen bij hun beslissing waar
zij zich alloceren op de arbeidsmarkt. Het model wordt vervolgens gebruikt om te
analyseren hoe 'downsizing'   (d.w.z. het reduceren van vaste kosten binnen technologisch
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hoogwaardige ondernemingen door het inkrimpen van het midden-management) van
invloed is op werkloosheid, economische groei en de bureaucratische last (de verhouding
van het aantal managers ten opzichte van de hoeveelheid productiearbeid binnen onderne-

mingen). Deze analyse is geinspireerd    door het empirische gegeven dat 'downsizing'
gepaard is gegaan met een toename van de bureaucratische last in alle geindustrialiseerde
landen. De belangrijkste voorspellingen van het model zijn dat 'downsizing' leidt tot een
vertraging in economische groei, een toename van werkloosheid en een toename van de
bureaucratische last. Deze resultaten zijn als volgt te verklaren. Het ontslag van midden-
managers leidt in eerste instantie tot een toename van de winstgevendheid van de
technologisch hoogwaardige ondernemingen. Dit leidt tot toetreding van nieuwe onderne-
mers en verkleint het marktaandeel van de reeds zittende ondernemingen. Het investeren

in Onderzoek en Ontwikkeling wordt hiermee minder interessant, omdat de vruchten van
deze activiteiten over een geringere hoeveelheid productie kunnen worden uitgesmeerd.
De   groei en rente gaan daardoor omlaag. De lagere rente leidt   er   toe dat toekomstige
inkomsten door werknemers minder sterk worden verdisconteerd; het verdienen van een
hoog loon in de toekomst wordt met andere woorden belangrijker. De kosten van het
wachten op een toekomstige goed betaalde baan in de technologisch hoogwaardige sector

dalen dus, wat leidt tot een toename van de evenwichtige werkloosheid.
Tot slot wordt in hoofdstuk 4 ingegaan op de vraag hoe werkloosheid en economi-

sche groei zich ontwikkelen gedurende de transitie van een kleine open economie naar een
evenwichtssituatie. Het basismodel wordt daartoe geanalyseerd onder de veronderstelling
van een gegeven aantal ondernemingen, een optimaal bepaalde inzet van arbeid voor
Onderzoek en Ontwikkeling en de aanwezigheid van intertemporele afwegingen bij de
allocatiebeslissing van werknemers. Startend vanuit een situatie die gekenmerkt wordt
door een relatief lage arbeidsproductiviteit is er initieel sprake van een relatief hoge groei
in    de    kleine open economie.    In deze periode van 'catching up' worden de vruchten
geplukt van een relatieve achterstand. Gedurende de transitie loopt de economie in op het
leiderland en daalt de groei en rentevoet. Tevens is er in deze periode sprake van het
kleiner worden  van de technologisch hoogwaardige sector (ofwel de-industrialisatie).   De
alsmaar lagere rente reduceert de kosten van het wachten op een relatief goed betaalde

baan. De werkloosheid neemt dientengevolge toe gedurende de transitie. Groei en
werkloosheid zijn met andere woorden negatief met elkaar gecorreleerd gedurende de
transitie.
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Deet  II.   Economische  groei  en  werkloosheid

In deel II wordt het basismodel, zoals dat in deel I is ontwikkeld, verder uitgebreid en
geanalyseerd, nu echter in de context van een gesloten economie. Expliciet wordt hierbij
ingegaan op de vraag hoe economische groei en werkloosheid met elkaar samenhangen in
een economie die wordt gekenmerkt door endogeen bepaalde economische groei en een
duale arbeidsmarkt. Ook wordt nagegaan op welke manier instituties (de relatie tussen)
economische groei en werkloosheid beYnvloeden. Tot slot wordt onderzocht wat de
consequenties zijn van de in deel I gemaakte veronderstellingen ten aanzien van het
geldende regime van toe- en uittreding, de aan- dan wel afwezigheid van een kapitaal-
markt en de modellering van de arbeidsmarkt. Edn en ander wordt gedaan in twee
afzonderlijke hoofdstukken.

In tegenstelling tot de modellen in deel I is in hoofdstuk 5 de door werknemers
getrooste inspanning in de technologisch hoogwaardige sector niet alleen afhankelijk van
het    loon dat werkgevers betalen (de zogenaamde efficiente lonen),    maar    ook    van   de
intensiteit waarmee werkgevers hun werknemers monitoren bij het verrichten van hun
activiteiten. Beide activiteiten zijn kostbaar voor de ondernemer. Er bestaat een afruil
tussen de twee activiteiten; het uitkeren van hoge lonen leidt ertoe dat ondernemers
kunnen volstaan met relatief weinig managers die worden ingezet voor monitoring. Welke
mix van monitoring en lonen uiteindelijk optimaal is voor de werkgever kan van land tot
land sterk verschillen en is afhankelijk van onder andere culturele en sociale factoren die

bepalend zijn voor de organisatie van arbeid. De wijze waarop het arbeidsproces wordt
georganiseerd blijkt belangrijke gevolgen te hebben voor onder andere het groeipotentieel
van een economie en de evenwichtige werkloosheid. Zo wordt aangetoond dat landen
waarin ondernemingen hun arbeidsproces sturen door relatief lage lonen te betalen en veel
arbeid in te zetten voor monitoring relatief goed presteren. Zij worden gekenmerkt door

hoge groei, een lage werkloosheid en een lage bureaucratische last. Ook worden de
effecten van de vrijgevigheid van het sociale zekerheidsstelsel en concurrentie op groei en
werkloosheid geanalyseerd. De resultaten blijken deels afhankelijk van het geldende
regime van toe- en uittreding. Relatief hoge uitkeringen leiden, onafhankelijk van het
regime van toe- en uittreding, tot hoge werkloosheid. Wanneer er sprake is van geblok-
keerde toe- en uittreding zal een meer vrijgevig sociaal zekerheidsstelsel tevens een

negatief effect hebben op economische groei. Een dergelijk effect is niet aanwezig
wanneer er sprake is van vrije toe- en uittreding. Een toename van de concentratiegraad
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(geringere concurrentie) blijkt in het model zowel de werkgelegenheid als de economische
groei positief te beinvloeden.

In tegenstelling tot de hoofdstukken 2 tot en met 5 wordt het niet-competitieve
loonverschil tussen de traditionele en de technologisch hoogwaardige sector in hoofdstuk 6
verklaard door de het opereren van vakbonden. Deze vakbonden streven ernaar in hun

onderhandelingen met werkgevers een zo gunstig mogelijke mix van hoge lonen voor
werknemers enerzijds en hoge werkgelegenheid anderzijds te bewerkstelligen. De

onderhandelingen resulteren er uiteindelijk in dat vakbonden een deel van de 'rents' die in
de technologisch hoogwaardige sector worden gegenereerd naar zich toe te trekken en te
verdelen onder de werknemers. Aangetoond wordt dat economische groei lager is
naarmate vakbonden sterker zijn, terwijl werkloosheid toeneemt als gevolg van machtiger
wordende vakbonden. Ook wordt in dit hoofdstuk ingegaan op de consequenties van het
koppelen van uitkeringen aan eerder verdiende lonen. Een dergelijke koppeling kan leiden

tot werkloosheidsuitkeringen die in eerste instantie hoger zijn dan de lonen die in de
traditionele sector kunnen worden verdiend. Zelfs wanneer het voor werklozen relatief
moeilijk is om aan een nieuwe baan te komen, kan het onder dergelijke omstandigheden

voor een deel van de werknemers die worden ontslagen uit de technologisch hoogwaardi-
ge sector economisch aantrekkelijk zijn werkloos te worden.

Deet  III.   Sectorstructuur   en  economische   groei

In hoofdstuk 7 staat de vraag centraal hoe de sectorale structuur van een land wordt

beinvloed door het samenspel van vraag- en aanbodfactoren. Daartoe wordt een Ricardi-
aans meer-sectoren model ontwikkeld. Elke sector wordt gekenmerkt door zijn eigen,
eventueel endogeen bepaalde, snelheid van technologische vooruitgang. Cruciaal voor de

analyse zijn de veronderstellingen dat inkomenselasticiteiten van de vraag naar goederen
die in de verschillende sectoren worden geproduceerd ongelijk zijn aan 66n en dat er
sprake is van verschillen in de groei van arbeidsproductiviteit op sectoraal niveau. In de

aanwezigheid van endogene groei die resulteert uit 'learning by doing' vertonen sectorale

groeivoeten de tendentie te convergeren. Aangetoond wordt dat een model met deze

ingredienten ons in staat stelt de empirisch waargenomen ontwikkelingen van sectorale
werkgelegenheidsaandelen en aandelen in toegevoegde waarde te reproduceren. Deze
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ontwikkelingen zijn de uitkomst van een samenspel tussen vraag- en aanbodfactoren.

Hoofdstuk 8 gaat in op de vraag wat de redenen kunnen zijn voor bedrijven om
over te gaan tot een strategie van uitbesteding van activiteiten die voorheen binnen de
eigen onderneming werden uitgevoerd. Dalende transactie- en transportkosten blijken een
belangrijke potentitle factor te zijn in de toegenomen tendentie tot uitbesteding. Aange-

toond wordt dat de beslissing van bedrijven om activiteiten uit te besteden niet noodzake-
lijkerwijs optimaal is vanuit het oogpunt van sociale welvaart. De vanuit kostenoverwe-

gingen gestarte uitbesteding kan gepaard gaan met veranderingen in de interne organisatie
van de ondernemingen. Dit kan negatieve gevolgen hebben voor marktaandelen van
individuele ondernemingen en hun prikkels om te investeren in Onderzoek en Ontwikke-

ling.
Dit proefschrift wordt afgesloten met een studie naar de optimaliteit van economi-

sche groei en productvarieteiten vanuit een sociaal welvaartsperspectief. Daartoe wordt
een twee-sector model ontwikkeld waarin de tweede sector productvariEteiten produceert
die als input bij de totstandkoming van een homogeen eindproduct in de eerste sector

worden gebruikt. Zowel de groei van de kwaliteit van productvarieteiten als het aantal

productvarieteiten wordt endogeen bepaald. Extra varieteiten zijn productief en welvaarts-

verhogend in die zin dat met een zelfde totaal volume aan inputs meer geproduceerd kan

worden wanneer de varitteit toeneemt. De keerzijde van een grotere varieteit is echter dat

het marktaandeel van de producent van de betreffende productvarieteit kleiner is. Dit
reduceert diens prikkel om te investeren in kwaliteitsverbetering van het betreffende

product en verlaagt daarmee de economische groei. Aangetoond wordt dat vanuit een
sociaal welvaartsoogpunt economische groei te hoog en productvarieteit te gering kan zijn

(en  omgekeerd). Deze situatie kan optreden wanneer extra varieteiten uitermate productief
zijn. De reden dat de markt niet leidt tot een vanuit sociaal oogpunt bezien optimale

allocatie wordt aangetoond het gevolg te zijn van een drietal externaliteiten die gelijktijdig
in het model werkzaam zijn. Overheidsbeleid kan gebruikt worden om de sociaal optimale
uitkomst in een gedecentraliseerde economie te bereiken.



Center for Economic Research, Tilburg University, The Netherlands
Dissertation Series

No. Author Title

1    P.J.J. Herings Static and Dynamic Aspects of General Disequilibrium
Theory; ISBN 90 5668 001 3

2'     Erwin van der Krabben Urban Dynamics:   A Real Estate Perspective   -   An
institutional analysis of the production of the built
environment; ISBN 90 5170 390 2

3 Arjan Lejour Integrating or Desintegrating Welfare States? - a qualitative
study to the consequences of economic integration on social
insurance; ISBN 90 5668 003 x

4     Bas J.M. Werker Statistical Methods in Financial Econometrics;
ISBN 90 5668 002 1

5 Rudy Douven Policy Coordination and Convergence in the EU;
ISBN 90 5668 004 8

6         Arie J.T.M. Weeren Coordination in Hierarchical Control; ISBN 90 5668 006 4

7 Herbert Hamers Sequencing and Delivery Situations:      a Game Theoretic
Approach; ISBN 90 5668 005 6

8     Annemarie ter Veer Strategic Decision Making in Politics; ISBN 90 5668 007 2

9     Zaifu Yang Simplicial Fixed Point Algorithms and Applications;
ISBN 90 5668 008 0

10 William Verkooijen Neural Networks in Economic Modelling - An Empirical
Study; ISBN 90 5668 010 2

11 Henny Romijn Acquisition of Technological Capability in Small Firms in
Developing Countries; ISBN 90 5668 009 9

12    W.B. van den Hout The Power-Series Algorithm - A Numerical Approach to
Markov Processes; ISBN 90 5668 011 0

13    Paul W.J. de Bijl Essays in Industrial Organization and Management Strategy;
ISBN 90 5668 012 9

* Copies can be ordered from ThelaThesis,Prinseneiland 305, 1013 LP Amsterdam, The Netherlands,

phone + 31 20 6255429; fax: +31 20 6203395; e-mail: office@thelathesis.nl



No. Author Title

14    Martijn van de Ven Intergenerational Redistribution in Representative
Democracies; ISBN 90 5668 013 7

15    Eline van der Heijden Altruism, Fairness and Public Pensions: An Investigation of
Survey and Experimental Data; ISBN 90 5668 014 5

16   H.M. Webers Competition in Spatial Location Models;
ISBN 90 5668 015 3

17 Jan Bouckaert Essays in Competition with Product Differentiation and
Bargaining in Markets; ISBN 90 5668 016 1

18 Zafar Iqbal Three-Gap Analysis of Structural Adjustment in Pakistan;
ISBN 90 5668 017 x

19 Jimmy Miller A Treatise on Labour: A Matching-Model Analysis of
Labour-Market Programmes; ISBN 90 5668 018 8

20    Edwin van Dam Graphs with Few Eigenvalues - An interplay between
combinatorics and algebra; ISBN 90 5668 019 6

21 Henk Oosterhout Takeover Barriers: the good, the bad, and the ugly; ISBN 90
5668 020 x

22 Jan Lemmen Financial Integration in the European Union: Measurement
and Determination; ISBN 90 5668 021 8

23    Chris van Raalte Market Formation and Market Selection;
ISBN 90 5668 022 6

24    Bas van Aarle Essays on Monetary and Fiscal Policy Interaction:
Applications to EMU and Eastern Europe; ISBN 90 5668
023 4

25    Francis Y. Kumah Common Stochastic Trends and Policy Shocks in the Open
Economy:Empirical Essays in International Finance and
Monetary Policy; ISBN 90 5668 024 2

26 Erik Canton Economic Growth and Business Cycles; ISBN 90 5668 025 0

27 Jeroen Hoppenbrouwers Conceptual Modeling and the Lexicon; ISBN 90 5668 027 7



No. Author Title

28   Paul Smit Numerical Analysis of Eigenvalue Algorithms Based on
Subspace Iterations; ISBN 90 5668 026 9

29 Uri Gneezy Essays in Behavioral Economics; ISBN 90 5668 028 5

30 Erwin Charlier Limited Dependent Variable Models for Panel Data; ISBN
90 5668 029 3

31 Rob Euwals Empirical Studies on Individual Labour Market Behaviour;
ISBN 90 5668 030 7

32    Anurag N. Banerjee The Sensitivity of Estimates, Inferences, and Forecasts of
Linear Models; ISBN 90 5668 031 5

33    Frans A. de Roon Essays on Testing for Spanning and on Modeling Futures
Risk Premia; ISBN 90 5668 032 3

34   Xiangzhu Han Product Differentiation, Collusion and Standardization;
ISBN 90 5668 033 1

35    Marcel Das On Income Expectations and Other Subjective Data: A
Micro-Econometric Analysis; ISBN 90 5668  034 X

36 Jeroen Suijs Cooperative Decision Making in a Stochastic Environment;
ISBN 90 5668 035 8

37 Talitha Feenstra Environmental Policy Instruments and International Rivalry:
A Dynamic Analysis; ISBN 90 5668 036 6

38 Jan Bouwens The Use of Management Accounting Systems in Functionally
Differentiated Organizations; ISBN 90 5668 037 4

39 Stefan Hochguertel Households' Portfolio Choices; ISBN 90 5668 038 2

40    Henk van Houtum The Development of Cross-Border Economic Relations;
ISBN 90 5668 039 0

41 Jorg Jansen Service and Inventory Models subject to a Delay-Limit;
ISBN 90 5668 040 4

42   F.B.S.L.P. Janssen Inventory Management Systems: control and information

issues; ISBN 90 5668 041 2

43    Henri L.F. de Groot Economic Growth, Sectoral Structure and Unemployment;
ISBN 90 5668 042 0



Bibliotheek K. U. Brabant

HENRI DE GROOT 17 000 01626290 0
Economics at Tilburg University in 1994. He carried out his Ph.D.
research on economic growth, sectoral structure and unemplgyment
in the Department of Economics and CentER for Economic Research
at Tilburg University. Since September 1998, he has been affiliated
with the Free University of Amsterdam as a post-doc, working  in the
field of environmental economics.

This thesis consists of three parts that deal with the relationship
between the relative wealth of nations, economic growth, and the
sectoral structure of economies. In the first part, the focus is on the
relative stagnancy of Europe versus the USA in terms of productivity
levels and unemployment. It is argued that generous social security
systems in Europe and the high-fixed-cost technologies employed in
the USA put the USA in a relatively advantageous position to perform
Research and Development. Part two explicitly considers the
relationship between growth and unemployment in the context of a
dual labour market. This part examines how the organization of work,
competition, the generosity of the social security system, the
presence of trade unions, and institutional designs that link unem-
ployment benefits to previous earnings affect both growth and
unemployment. In part three, the determination, development, and
social optimality of the sectoral composition of economies is
discussed. Differential productivity growth between sectors, non-
unitary income elasticities of demand, and outsourcing of non-core
activities are shown to be important candidates for explaining the
observed process of deindustrialization in advanced economies.

ISBN 90 5668 042 0

CZflER Dds ze irtatioim


	Table of Contents
	Chapter 1   Economic Growth, Sectoral Structure and Unemployment: An Introduction
	Chapter 2   Unemployment and Catching Up: Europe vis-a-vis the USA'
	Chapter 3 
Macroeconomic Consequences of Downsizing'
	Chapter 4   A Note on Transitional Dynamics
	Chapter 5   Unemployment, Growth and Efficiency Wages
	Chapter 6 
Unemployment, Growth and Trade Unions '
	Chapter 7 
The Determination and Development of Sectoral Structures
	Chapter 8 
The Macroeconomic Consequences of Outsourcing'
	Chapter 9   Optimal Sectoral Structure and Economic Policy
	References
	Samenvatting (Summary in Dutch)

