LECTURE NOTES IN ECONOMICS
AND MATHEMATICAL SYSTEMS

Jens Rubart




Lecture Notes in Economics
and Mathematical Systems

Founding Editors:

M. Beckmann
H.P. Kiinzi

Managing Editors:

Prof. Dr. G. Fandel

Fachbereich Wirtschaftswissenschaften
Fernuniversitdt Hagen

Feithstr. 140/AVZ 11, 58084 Hagen, Germany

Prof. Dr. W. Trockel

Institut fiir Mathematische Wirtschaftsforschung (IMW)
Universitit Bielefeld

Universititsstr. 25, 33615 Bielefeld, Germany

Editorial Board:

593

A. Basile, A. Drexl, H. Dawid, K. Inderfurth, W. Kiirsten, U. Schittko



Jens Rubart

The Employment
Effects

of Technological
Change

Heterogenous Labor,
Wage Inequality
and Unemployment

With 54 Figures and 21 Tables

@ Springer



Jens Rubart

Darmstadt University of Technology
Institute of Economics
Residenzschloss

64283 Darmstadt

Germany

Library of Congress Control Number: 2007923239

ISSN 0075-8442
ISBN 978-3-540-69955-2 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broad-
casting, reproduction on microfilm or in any other way, and storage in data banks. Duplication of
this publication or parts thereof is permitted only under the provisions of the German Copyright Law
of September 9, 1965, in its current version, and permission for use must always be obtained from
Springer. Violations are liable to prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springer.com
© Springer-Verlag Berlin Heidelberg 2007

The use of general descriptive names, registered names, trademarks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

Production: LE-TEX Jelonek, Schmidt & Vockler GbR, Leipzig
Cover-design: WMX Design GmbH, Heidelberg

SPIN 11979166 88/3100YL-543210 Printed on acid-free paper



To my parents



Preface

The recent book has been prepared during my work as a research as
sistant at the Institute of Economics of the Darmstadt University of
Technology, Germany. In July 2006 it was accepted as a Ph.D. the
sis titled “Heterogeneous Labor, Wage Inequality and the Employment
Effects of Technological Change Theory and Empirical Evidence for
the U.S. and Europe” at the Department of Law and Economics of the
Darmstadt University of Technology.

In particular, I am indebted to my teachers Volker Caspari and
Willi Semmler for giving me the advice and the opportunity to write
this dissertation. My interest to work on the relationship between tech
nological change and labor markets started during my studies at the
University of Bielefeld where I participated in seminars on Economic
Growth and Labor Markets held by Willi Semmler.

Early parts of this thesis and closely related research papers were
presented at the ZEW Unemployment Workshop (Berlin, April 2001),
the Zeuthen Workshop on Competition and Growth (Copenhagen,
November 2001), the 7th Conference on Theories and Methods in
Macroeconomics (Evry Val d’Essone, June 2002), the 2003 Annual
Meeting of the German Economic Association (Ziirich, September
2003), the Economic Research Seminar at TU Darmstadt (June 2005),
the Rhein Main Neckar Seminar on Labor Economics (Mannheim,
November 2005), the 10th Conference on Theories and Methods in
Macroeconomics (Toulouse, January 2006), the 12th International Con
ference on Computing in Economics and Finance (Limassol, June
2006), and the 2006 Annual Congress of the European Economic As
sociation (Vienna, August 2006). It benefited from a variety of sugges
tions by, amongst others, Philippe Aghion, Ingo Barens, Pierre Cahuc,



VIII Preface

Horst Entorf, Michael Krause, Franck Portier, Patrick Puhani, Glinther
Rehme and Reinhard Tietz.

Furthermore, I wish to thank my colleagues and friends Kristina
Budimir, Rafael Gerke, Olaf Miinster, Giinther Rehme, Andreas Rothig,
Hannes Spengler, and Niels Peter Thomas for our common time in
Darmstadt. Michael Dear, Philip Savage, and Andreas Rothig were
very kind to proofread parts of this thesis.

I am particularly indebted to Rafael Gerke for our discussions and
projects concerning Dynamic General Equilibrium models.

Oberursel, Jens
February 2007 Rubart



Contents

1 Introduction ............ ... .. .. i 1
1.1 Motivation ... 1
1.2 Outline ....... ... 7
1.3 A Previewof Results ............................... 9
2 The Empirics of Inequality and Institutions ......... 11
2.1 Technological Change and Economic Fluctuations ..... 11
2.2 The Empirics of Labor Market Institutions ........... 19
2.3 Empirical Analysis ........... ... ..o i i 28
2.3.1 Empirical Methodology .................... ... 28
2.3.2 Estimation Results ............ ... ... ... ... 32
2.4 DiSCUSSION .« ot vttt et e 43
3 Technological Change, the Labor Market, and Wage
Inequality ....... ... ... 47
3.1 Introduction ............. ... 47
3.2 Theoretical Framework ........... ... ... ... ... .... 49
3.3 Quantitative Analysis ......... .. ... i 57
3.3.1 Determinants of Employment .................. o7
3.3.2 Determinants of Wage Inequality ............... 61
3.4 DIiSCUSSION .+ ot vttt 69



X

4

Contents

Inequality and Employment: Basic Framework ...... 73
4.1 Introduction .......... ... ... i 73
4.2 A Model Without Market Frictions .................. 75
4.3 General Equilibrium ...... ... ..o o o i oL 80
4.4 Numerical Analysis ........ .. .. ... i .. 81

4.4.1 Function Specification................ ... ... 81

4.4.2 Calibration .......... ... i i 84
4.5 DISCUSSION .+ vt vttt it e e 93

Inequality and Employment Under Labor Market

Frictions .......... . . 95
5.1 Imtroduction ........... . ... il 95
5.2 The Model . ... ... .. i i 97
5.3 Equilibrium Solution ....... ... .. ... .. .o oL 106
5.4 Numerical Analysis ........ .. ... o i, 109
5.4.1 Calibration ......... ... ... i 109
5.4.2 Impulse Response Analysis..................... 111
9.0 DIiSCUSSION . . .o vttt 120
Extensions ............. . 123
6.1 Labor Market Policies ............ .. ... ... .. .. .. 123
6.2 Employment Effects of Minimum Wages .............. 125
6.3 Employment Protection Legislation .................. 132
6.3.1 A Revision of the Household’s and the Firm’s
Problem ...... ... .. . 133
6.3.2 Equilibrium Solution . ............. ... .. ... ... 136
6.3.3 Calibration ........... ... .. ... ... 138
6.4 Employment Protection and Minimum Wages ......... 144
6.5 Sensitivity Analysis ......... .. .. .. L 148
6.6 Long Run Policy Effects ............................ 154

6.7 DISCUSSION . . oottt ittt et et 160



Contents XI

7 Conclusion ............ .. i 163

7.1 SUMMATY « ottt 163

7.2 Outlook. ... ... 170
Symmetric Technological Advances ..................... 175
Data, Sources and Definitions ........................... 179
Solow Residual and Labor Productivity ................. 183
A Brief Description of DYNARE ....................... 187
References. ... ... ... . i 191
Index .. ..o 203
List of Tables ... ... i e 206



1

Introduction

[ ] for while a capital is employed
in this country it must create a
demand for some labor; machinery
cannot be worked without the
assistance of men, it cannot be
made but with the contribution of
thewr labor

(D Ricardo (1911))

1.1 Motivation

Through the centuries, the economic development of countries has been
characterized by major technological revolutions, such as, for example,
the introduction of the steam engine, electricity based technologies,
new production organizations such as the assembly lines devised by
the Ford Motor Company, or the IT revolution in the 1990s.! In gen
eral, four important phases of economic development are considered:
1820 1913, 1913 1950, 1950 1973 and 1973 to the present, all charac
terized by the above mentioned technological advances.? Meanwhile,
it is evident that each shift in technology was followed by significant
changes in the structure of employment. An interesting example of the
effects of the steam engine for merchant shipping between 1865 and
1912 can be found in Chin, Juhn, and Thompson (2004). They show
that the introduction of a new technology, the steam engine, created

! See, for example, Atkeson and Kehoe (2001) p 6, or Landes (1999), ch 18, for sur
veys of technological revolutions Furthermore, the impact of the IT Revolution
is discussed in Greenwood and Yorukoglu (1997) and Gordon (2000)

% See Maddison (1991) p 84 f
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a new demand for engineers whereby the demand for sailors declined.
Furthermore, Chin, Juhn, and Thompson (2004) have found that the
shift from sail to steam increased the 90/10 wage ratio® by 40%.

In general, the changes in wages and employment following a tech
nological advance can be described as follows: some workers become
obsolete, whereas those with a different skill set are needed for the pro
duction process. Due to the scarcity of workers with the required skill
set the respective wages tend to increase. In recent times, since the
mid 1990s IT revolution, economic researchers began to study the rela
tionship between technological change and a heterogeneous labor force
which differs in the skill set. This relationship has been the subject
of a vast share of the recent economic literature and is subsumed un
der the concept of skill biased technological change. In particular, the
studies by Katz and Murphy (1992), Autor, Katz, and Krueger (1998),
Goldin and Katz (1998, 1999), Katz and Autor (1999), and, in partic
ular, Aghion, Caroli, and Garcia Penalosa (1999) examined in detail
the hypothesis of skill biased technological change.* The latter studies
focus on the fact that in a period of major technological change the de
mand and wages for skilled workers increase. Although an increase in
the supply of skilled workers should have led to a decline in the wages
of skilled workers, induced technological advances lead to a further in
crease in demand for and wages of skilled workers (Acemoglu (1998)).
A generally accepted indicator of skill biased technological change is

% Note that the 90/10 wage ratio describes the wage spread between the respective
deciles of the wage distribution of an economy

4 It should be pointed out that the examination of “skill biased technological
change” is rather old Examples of early studies that examine certain aspects
of this hypothesis can be found in Reder (1955), Hansen (1961), or Tinbergen
(1974)
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the increasing gap between wages of skilled and unskilled workers dur
ing the last thirty years which is mainly observed in U.S. labor market
data. Empirical evidence that support this technology skill relationship
include Fitzenberger (1999), Goldin and Katz (1999), Katz and Autor
(1999), Card and DiNardo (2002), and Puhani (2005). Furthermore, in
addition to the technology skill relationship, the effect of capital skill
complementarity is also regarded as an explanation of the observed
patterns of the wage spread and relative employment (see, for exam
ple, Skaksen and Sorensen (2005)). In particular, this approach lies in
the focus of the work by Krusell, Ohanian, Rios Rull, and Violante
(2000) and Lindquist (2004).

When surveying the existing literature on the technology skill or the
capital skill bias, the literature is essentially subdivided into two main
groups. The first group focuses on the long run trend in inequality and
relative employment. In general, this branch of the literature is built on
endogenous growth models, such as Acemoglu (1998), Murphy, Riddel,
and Romer (1998), Krusell, Ohanian, Rios Rull, and Violante (2000),
Aghion (2002), and Greiner, Rubart, and Semmler (2004). However, as
will be specified below, most of the theoretical studies do not examine
labor market rigidities in detail, although empirical labor market stud
ies point out the effects of labor market institutions. This second branch
of literature focuses on the microeconomic evidence based on panel
data studies as such as Fitzenberger (1999), Card and DiNardo (2002)
and Puhani (2005). Furthermore, detailed empirical studies of the em
ployment effects are presented by Layard, Jackman, Manacorda, and
Petrongolo (1999) and Petrongolo and Manacorda (1999). However,

most studies do not consider the time dimension of an technological
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advance, i.e. it requires some time until the introduction of a new tech
nology leads to observable changes on the labor market. In particular,
Nickell and Bell (1995) emphasize that a detailed analysis of the conse
quences of shocks on the relative employment status is missing, [ [ it
is essential to understand the consequences for unemployment relativ
ities of a neutral shock [ ] .5 Furthermore, as pointed out by Nickell
and Bell (1995, 1996), there are time periods in which unemployment
tends to increase for both high and low skilled workers. However, this
observation is not consistent with skill biased technological change as
the only source of the high unemployment rates of low skilled workers.

Subsequently, the work of Acemoglu (1999), Mortensen and Pis
sarides (1999), Albrecht and Vroman (2002), and Gautier (2002), lead
the literature to focus on the labor market effects of technological
change. Whereas the study by Acemoglu (1999) focuses on the long
term perspective, the latter studies tend to consider employment effects
at business cycle frequencies. Furthermore, this branch of literature
provides evidence for the hypothesis of dual labor markets raised by
Saint Paul (1996). The dualism approach recognizes that a market can
be characterized by two different states at the same time, for example
different unemployment rates of workers with different characteristics.
This characterization coincides with the observation of different unem
ployment rates of high and low skilled workers. Although the labor
market is characterized as the most important market when looking
at the transmission of supply and demand side shocks, the obvious

dualism is not taken into account.®

5 Cf Nickell and Bell (1995) p 43

5 For example, elaborate studies of the importance of the labor market frictions in
order to investigate the effects of monetary policy shocks can be found in Walsh
(2003) or Trigari (2004)
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In recent times, many studies (see e.g. Ljungqvist and Sargent
(1998)) attempt to explain the high and persistent unemployment rate
of continental European countries. However, their analysis is almost
based on partial equilibrium models which focus on the labor market,
only. In general, they conclude that rigid labor market institutions or
high taxes explain the observed unemployment pattern. However, the
relationship between structural changes and labor market institutions
from an aggregate perspective is not in the center of the discussion.
In addition, partial equilibrium models do not consider the relations
between different markets such as goods and labor markets.

The seminal work of Mortensen and Pissarides (1999) introduced
the effect of skill biased technology shocks under the presence of la
bor market imperfections into the macroeconomic literature. However,
from a general equilibrium point of view, the studies by Mortensen and
Pissarides (1999) and Gautier (2002) seem to be more partial equilib
rium models that mainly focus on the labor market rather than on the
whole economy. First attempts to incorporate skill biased technology
shocks into a fully specified dynamic general equilibrium framework
were made by Pierrard and Sneessens (2003, 2004) as well as Lindquist
(2004); the latter study focuses on the effects of capital skill comple
mentarity and, furthermore, neglects labor market imperfections. In
particular, the work of Pierrard and Sneessens (2003, 2004) provides
a reasonable explanation of the unemployment pattern of low skilled
workers in continental European countries because of the assumption
of rigid relative wages.

Although the assumption that technological advances occur stochas

tically, such as by Lindquist (2004), might be questionable, this ap
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proach is the standard one referred to in the recent macroeconomic lit

erature. In general, theoretical explanations of technological change or
structural change as a source of fluctuations were developed by Juglar
in 1856, who focussed on cycles of a length of between three and eigh

teen years. Cycles of a longer period were analyzed by Kondratieff,
Kuznets, Schumpeter and many others during the first quarter of the
20th century.” Although many explanations, such as Schumpeter’s cre

ative destruction concept, seem reasonable, the assumption of the ex

istence of regular periodical waves of economic activity is not proven.
According to Maddison (1991) economic fluctuations are due mainly to
disturbances of an ad hoc character (cf. Maddison (1991): 108). The re

cent business cycle theory is particularly built on the ad hoc character
of technological disturbances, the “Real Business Cycle” (RBC) theory.
Mainly developed by Kydland and Prescott (1982) and King, Plosser,
and Rebelo (1988), it analyzes the effect of stochastic disturbances of
aggregate productivity within a framework of a neoclassical growth
model with intertemporal optimizing agents. In order to explain both
output and employment fluctuations, the RBC approach was extended
by Hansen (1985), as well as Christiano and Eichenbaum (1992). How

ever, the latter expansions of the RBC framework did not account for
labor market imperfections or institutional settings. This was done by
Danthine and Donaldson (1990) who introduced efficiency wages and,
in particular, by Langot (1995), Merz (1995) and Andolfatto (1996)
who introduced search and matching frictions on the labor market into
a RBC framework. Another line of research is offered by Gong and
Semmler (2000) and Ernst, Gong, Semmler, and Bukeviciute (2006)

" See Maddison (1991), Chapter 4 for further details
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who study disequilibrium phenomena on the labor market within the
context of a RBC model. In particular, the latter model concentrates
on the impacts of structural reforms on the labor market. They show
that an increase in labor market flexibility, i.e. a reduction of the im
pact of labor market institutions, improves economic welfare but leads
to higher employment risk for households. However, the search and
matching framework builds the basic framework of the recent macroe
conomic literature which studies output and employment fluctuations.

Up to now, a characterization detailing under which conditions tech
nological change leads to positive or employment effects, or how tech
nological advances diffuse over the labor market is still absent. This
is particularly relevant to whether labor market rigidities are taken
into account, which are obviously prevalent in continental European
labor markets (as opposed to the U.S.). Furthermore, it is still un
clear how labor market policies, such as minimum wages or dismissal
protection legislation, which have been recently discussed in Germany,
affect the employment rate of low skilled workers in an economy which
is in a state of non stop technological change. Therefore, the aim of
this thesis is to provide a theoretical framework in which the effects of
technological change can be studied and which is, moreover, capable of

accounting for the main empirical findings of leading OECD countries.

1.2 Outline

This thesis is structured as follows. In Chapter 2 the main empir
ical findings concerning employment and wages of different educa
tional groups as well as important labor market characteristics are

presented and discussed. Furthermore, this chapter provides a reduced
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form vector autoregression (VAR) approach in which the effects of tech
nological advances on the wage spread and the relative employment
positions are studied empirically.

In chapter 3, the basic framework of search and matching frictions
on the labor market is introduced. In addition, we discuss the effects of
parameter variations by applying a calibration study to the obtained
model solution which leads to a more detailed discussion of the effects
of skill biased technological change on employment and wage inequal
ity, albeit within a rather static framework. There we can show that
some of the cross country variation in inequality can be reproduced by
parameter variations of the model.

In chapter 4 the basic framework of a Stochastic Dynamic General
Equilibrium (SDGE) model with heterogeneous labor is introduced and
calibrated in accordance with empirical findings for the U.S. and Eu
rope.

Subsequently, in chapters 5 and 6, the basic framework is extended
by labor market frictions due to a search and matching approach as well
as a wage setting mechanism based on a Nash bargaining procedure. As
in chapter 4, the model is calibrated in accordance with the empirical
evidence. However, besides the search and matching frictions and wage
bargaining, no other labor market institution or rigidity is assumed.

In Chapter 6 the search and matching approach is extended by two
important labor market rigidities reported for continental European
countries: rigid relative wages and employment protection mechanisms.
In particular, the latter assumptions provide a theoretical and quan

titative consideration of the outcomes of labor market policies. Fur
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thermore, besides the dynamic response of technological innovations,
long run as well as welfare effects of both policies are examined.

Chapter 7 surveys the results and concludes with a final outlook.

1.3 A Preview of Results

A comparison of labor market characteristics of the important OECD
countries (see table 2.1 below) makes it obvious that, at least in France
and Germany, the high and increasing unemployment rates are mainly
driven by the increase in unemployment rates for low skilled workers.
However, the respective unemployment rates tend to remain stable or
decrease for countries like the U.S. and the United Kingdom. The recent
empirical literature, based mainly on microeconometric panel studies
(see, for example, Fitzenberger (1999) and Puhani (2005)), explains this
pattern in the context of the effects of skill biased technological change.
However, due to the rather static examinations, the dynamic effects of
advances in new technologies on relative employment and wages are not
taken into account. By applying a reduced form VAR approach, these
dynamic effects are examined empirically. There, we find evidence for
the hypothesis of skill biased technology shocks for the U.S. and Ger
many. Furthermore, it becomes obvious that labor market institutions
have significant effects on the wage spread and relative employment. In
particular, the latter results bag for a detailed discussion of the effects
of technological advances under labor market rigidities.

Based on this evidence, a comparative static analysis of a labor
market with search and matching frictions and wage bargaining is de
veloped. There we show that it is generally possible to discuss the

observed cross country variation of wage inequality and relative em
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ployment within a single theoretical framework. In addition, we will
show that the complex relationships between the variables of interest
require numerical calibrations for a detailed elaboration. The results
show that it is generally possible to reproduce the aggregate evidence
of the observed wage spreads across important OECD countries within
one model framework by parameter variations.

By conveying the comparative static analysis of chapter 3 into a Dy
namic General Equilibrium framework, we are able to give a detailed
examination of the dynamic effects of technological change under sev
eral kinds of labor market institutions. By comparing the results of
models which exhibit an increasing degree of rigidity, we show how
these effects worsen the employment position of low skilled workers. In
particular, when rigid relative wages are considered, an unanticipated
shock of skill biased technology leads to an immediate decrease in low
skilled employment. Furthermore, we show that policies which increase
dismissal protection do not have an enormous impact on the employ
ment position. In addition, the examination of the long run effects of
both labor market policies shows that wage rigidities reduce steady
state employment of both types of workers as well as total welfare.
However, we find no such effects for employment protection mecha

nisms.
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The Empirics of Inequality and Institutions

On the other hand, students of
income distribution are in need of
more precise information on the
possibilities of substitution between
various categories of labour, since
this influence the demand structure
of the labour market

(J Tinbergen (1974))

2.1 Technological Change and Economic Fluctuations

Early quantitative work on the structure of wages and employment
in the United States began in the 1930s and focussed almost entirely
on occupational and industry specific wage differentials. The “human
capital” revolution in the 1960s and 1970s as well as the availability of
new data sets on earnings and individual characteristics forced a shift
of focus to educational wage and employment differentials.

A recent survey of the evolution employment and wage differentials
across important OECD countries since 1980 is given below in table 2.1.
In accordance with the literature, it is shown that, although many in
dustrialized countries such as the United Kingdom,? the United States,
France and Germany were faced with a similar evolution of technol
ogy and industrialization and that the percentage of college graduates
increased in the last 30 years, which indicates an overall increase in
employment of skilled workers; we observe, however, different patterns

! See Katz and Autor (1999) for a detailed survey of the literature
2 A recent study of the rise of the U K wage differential is given by Prasad (2002)
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of wage inequality across countries. In general, Anglo Saxon economies
such as the U.S. or U.K. show a growing wage spread, whereas in con
tinental European countries like France or Germany wage inequality
tends to be constant (see also Gottschalk and Smeeding (1997) or Ace
moglu (2002)). The constancy of the wage spread accounts, in line with
the hypothesis of skill biased technological change, for the increase in
unemployment of low skilled workers which is obvious for continental
European countries. As reported by table 2.1 below, in Germany the
unemployment rate of workers with lower secondary education exhibits
a steady increase from 13 to above 20% between 1988 and 2004. On
the other hand, the unemployment rate of low skilled workers declined
from 13 to 6% in the U.K. or remained constant in the U.S.. For com
parison, the unemployment rate of skilled workers remained either at
constant levels between 3 and 5%. However, it is interesting to notice
that the participation rate of low skilled workers in continental Euro

pean countries exceeds the one of Anglo Saxon countries.
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Table 2.1. Education, employment and demand for skills

Unemployment Labour Force Participation Supply and Demand for Skills
Total  Less Upper  Tertiary| Less Upper  Tertiary |Degrees in Wage spread
secondary secondary secondary secondary tert educ OECD own calc
France
1971 82
1982 7T 83 194
1988 99 118 199
1995 116 140 89 65 60 3 828 877 199
2002 89 118 68 52 657 815 891 120
2004 103 121 76 62 76 6 86 5 913
Germany
197182 31 64 17
1982 57 74 163 149
1988 62 137 69 72 45 8 619 78 8 94 162 151
1995 82 133 79 49 56 8 771 885 130 161 150
2002 87 153 90 45 60 1 773 875 130 154
2004 114 205 112 55 783 845 90 4 180
U.K.
197182 50 75 24
1982 10 3 120 174
1988 87 131 74 67 755 80 5 87 3 183 182
1995 87 122 74 37 618 821 88 8 187
2002 51 85 41 24 578 827 90 0 180
2004 47 66 37 22 56 8 82 4 89 6
U.S.
197182 49 78 20
1982 97 16 6 179 166
1988 55 101 59 30 43 8 69 9 78 2 215 188 181
1995 55 100 50 27 59 8 791 88 2 240 210 198
2002 58 10 2 57 30 63 5 785 857 280 200
2004 56 10 5 56 33 63 1 772 84 7 323 199

Sources: Greiner, Rubart, and Semmler (2004), Nickell and Bell (1996), OECD (1989, 1993, 1996,
2004, 2006), OECD (2003), 2006 Statistical Abstract of the U S

Before examining possible explanations of the evolution of the wage
and employment structure, it has to be pointed out that each variable
exhibits fluctuations at business cycle frequencies. A possible explana

tion of this observation is provided by Aghion (2002), who states that
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there is a shift in the capital skill complementarity, meaning that tech
nology or capital is either complementary to high skilled or low skilled
workers. Particularly, the latter leads to a relative increase of wages
of low skilled workers, which decreases the wage spread. Although this
explanation accounts for long run shifts in the wage spread and the
relative employment position, the observation that the variation in the
data is at business cycle frequencies, is not explained. For Germany

and the U.S. the findings are presented in figure 2.1 below.?

I lity Trend, G N L
fequotly rend, ermony Inequality Deviation, Germany

= T 3w o 0 T T = - . £

Rel. Employment Trend, Germany Rel. Employment Deviation, Germany

= o o e e e ™~ e £

Inequality Deviation, U.S.

oo oo om oz oe e

A — wr = = = = =3 = T

Rel, Employment Trend, U.S. Rel. Employment Deviation, U.S.

Fig. 2.1. Wage inequality and relative employment in the U S and Germany

% Note that the fluctuations of the data presented in figure 2 1 are measured in
their deviation from the HP Trend (dashed line, left column) The sources of
the applied time series are described in appendix B
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For both countries we observe a steady increase in the wage spread
and the relative employment position (figure 2.1, left column). Further
more, it is obvious that each series fluctuates around the respective
growth trend at business cycle frequencies (figure 2.1, right column).
The mean annual growth rate of the German time series is reported as
0.191% (Std. dev.: 0.557);* for the U.S. we found an annual growth rate
of 0.763% (Std. dev.: 2.014). Although the growth rate of wage inequal
ity amounts to approximately one third of the growth rate observed for
the U.S., it proves to have a similar volatility when the standard devi
ation is considered relative to the respective national mean.

The observed pattern of the wage spread and the relative employ
ment position are closely related to the hypothesis of “labor market
dualism” raised by, for instance, Saint Paul (1996), meaning that a
market is characterized by two different states at the same time. This
meauns, in the case of the labor market, that, in general, the labor mar
kets of industrialized countries exhibit a pattern in which one group
of workers is characterized by high earnings, low unemployment and
low employment fluctuations, whereas a second group is faced with low
wages, high unemployment and higher rates of fluctuations (Malinvaud
(1986) p. 211).% An example of the dualism approach used to study the
evolution of unemployment of skilled and unskilled workers is given by
Saint Paul (1996), in which he studies, amongst others, the influence of
labor market institutions such as employment protection mechanisms

% Please note that the considered time series differs from the data published by the
OECD However, the slight positive growth rate is in line with findings of Fitzen
berger (1999) See also Greiner, Rubart, and Semmler (2004) for an application
of this time series

5 The theory of dual labor markets was developed in the United States in the 1970s
in the context of debates on poverty and discrimination See Saint Paul (1996) p
2
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due to firing costs.® Figures 2.2 and 2.3 show the different behavior of
unemployment rates of different skill groups in recent times.” There,
it is obvious that the unemployment rate of college educated workers
shows a significant lower volatility compared to the unemployment of
less educated workers. In addition, this observation holds for the U.S.

and Germany.

No College
— — College

Change in Unemployment Rate

I I I
1974 1978 1982 1986 1990 1994 1998 2002

Time

Fig. 2.2. Skill specific unemployment rates, Germany, 1975 4 2004 4

6 See Saint Paul (1996), chapter 9 The importance of firing costs is also analyzed
by Bentolila and Bertola (1990), Delacroix (2003)

" For Germany the data are taken from the Institut fiir Arbeitsmarkt und Berufs
forschung The U S data are taken from the U S Bureau of labor statistics See
also appendix B for further details
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2.0

.6
T

No College

— — College

1.2
T

Change in Unemployment Rate

-1.6 -1.2 -0.8 -0.4 -0.0 04
T T T T T

I I I I I I
1992 1994 1996 1998 2000 2002 2004 2006

Time

Fig. 2.3. Skill specific unemployment rates, U S , 1993 1 2004 4

From a theoretical point of view, one could argue that this pattern
is devoted to a higher increase in the number of skilled workers which
dampened their respective marginal products. However, this pattern is
explained by the different evolution of labor market institutions, par
ticularly due to different wage setting mechanisms. For example, Ace
moglu, Aghion, and Violante (2001) explain this pattern with a signif
icant decrease in the impact of trade unions in Anglo Saxon countries.
However, the amount of workers engaged in trade unions decreased in
most of the OECD countries during the last 20 years (table 2.3 below),
whereas the degree of centralized wage setting as well as the amount of
social benefits remained rather high in France and Germany compared

to the U.S. and the U.K. (see table 2.4). Furthermore, when the evo
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lution of wages and employment of different skill groups is considered,
one observes significant fluctuations in the data. Beside the general rela

tionship between wage inequality and the observed dualism at the labor
market, as outlined above, a further determinant should be considered.
In principle, it is outlined by Phelps and Zoega (2001), who state that
the observed path of unemployment and economic performance is sub

ject to, for instance, non monetary shocks and developments, mainly
due to investment activities of firms. In particular, investment activities
determine the evolution of physical capital which is in a complementary
relationship to skilled and unskilled labor. A comparison of the invest

ment ratio (total investment per GDP) of leading OECD countries
shows a significant decline in this ratio for continental European coun

tries such as France and Germany, in contrast to steady increases for
the U.S. and the U.K. (see table 2.2 below). During the same time pe

riod we observe a constant or increasing unemployment rate for France
and Germany and low or decreasing ones for the U.S. and the U.K.
(cf. table 2.1 above). However, although there is a general decline in
the investment ratio in France and Germany, an increasing amount of
investment is devoted to information and communication technologies.
This means that, although general indicators of the economic activity
decline, the structural change due to investments in new technologies

seems to be unbroken.®

8 ICT investments are measured as percentage of non residential investment of the
whole economy (Cf Colecchia and Schreyer (2001))
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Table 2.2. Total and ICT investment

Year US UK Germany France

Total Investment to GDP, %
197080 152 155 288 241
198090 162 139 210 195
1990 00 173 151 212 195
2004 198 163 184 20 2

ICT Investment

1980 152 438 122 68
1990 225 101 139 127
1995 261 156 133 133
2000 399 150 162 16 2

Sources: Colecchia and Schreyer (2001), OECD Main Economic Indicators 2005

2.2 The Empirics of Labor Market Institutions

The importance of institutional labor market rigidities when analyzing
continental European labor markets is particularly highlighted by Nick
ell (1997), Blanchard and Wolfers (2000) or Heckman (2003) who refer
to the rigidity of the labor market of continental European countries
as the major cause of the high unemployment and the low economic
performance.? However, one should correct the statements concerning
the high unemployment rates, because we observe high unemployment
rates particularly for low skilled workers. The unemployment rate of
skilled workers is nearly the same across main OECD (see table 2.1).

A further explanation is given by Blanchard and Giavazzi (2003) who state that
high product market rigidities also account for the low economic performance
However, product and labor market rigidities are so strongly correlated that the
impact of each source is very difficult to determine
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The importance of market frictions can be explained by outward
shifts of the Beveridge curve which relates the unemployment rate to
the vacancy rate of an economy. In general, we expect a downward
sloping curve which states that high unemployment rates coincide with
with low vacancy rates and vice versa. An outward shift of this curve
indicates the existence of mismatch and structural problems on the
labor market, for example, that an unemployed worker is not good
for the job, i.e. the worker’s education does not fulfill the employer’s
requirements. Figures 2.4 and 2.5 show the Beveridge curve relationship

for the U.S. and Germany.'’

Vacancy Rate, 7

0 1 2 3 4 5 6 7 8 9 10
Standardised Unemployment Rate, 7

Fig. 2.4. Beveridge curve, Germany, 1965 1 2005 3

10 The data are taken from the OECD Main Economic Indicators 2006
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Fig. 2.5. Beveridge curve, U S, 1965 1 2005 3

Whereas the Beveridge curve remains rather stable for the U.S.
a significant shift to the right is observed for the German economy
(figure 2.4). In general, there are two explanations for this behavior,
skill mismatch, i.e. the unemployed worker is mismatched with the job
requirements, and to rigid labor market institutions which raise the
worker’s reservation wage above the wage he would be employed at, as
is shown by Blanchard and Wolfers (2000) or Heckman (2003).

As already mentioned, labor markets are characterized by various
kinds of institutions. In general, these institutions determine the behav

ior of key outcomes of this particular market, for example the transition
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rates in and out of employment, the evolution of long term unemploy
ment, and, in particular, the wage setting procedures.'!

According to Nickell et al. (2003) labor market institutions are
treated in general as: unemployment benefits, trade unions (union den
sity), labor taxes, all kinds of wage inflexibility, and employment protec
tion mechanisms. Institutions such as unemployment benefits or labor
taxes are determinants of labor costs, however, employment protec
tion mechanisms encompass any regulations that limits the employ
ers ability to dismiss the worker without delay or a cost. In general,
the OECD distinguishes between five types of employment protection

mechanisms: 12

. Administrative procedures,
. Notice of termination,
. Severance payments,

. Difficulty of dismissal,

U W N

. Additional measures for collective dismissal, for example costs or
inconveniences whether the dismissal exceeds a prescribed number

of employees.

As we will analyze in more detail in chapters 6.1 and 6.3, a general
approach to model employment protection mechanisms is to assume
firing costs. In accordance to the characterization described above, fir
ing costs can be treated as a general difficulty (cost) of dismissal that
enters the firm’s decision problem when hiring or dismissing a worker.
Furthermore, the question if firing costs affect the wage distribution or

' See, for instance, Nickell (1997), and Blanchard and Wolfers (2000) for studies
concerning the role of labor market institutions in the rise in European unem
ployment

2 See Pissarides (2001) p 136
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the observed increase in unemployment rates of low skilled workers is
still open.

An important factor which has a significant impact on the wage
distribution is, as shown by Blau and Kahn (2001), the existence of
minimum wages.'® Although the existence of minimum wages is very
important, there is a lack of time series data for this variable.

In order to give a comparable overview of labor market institutions
across important OECD countries we focus particularly on three main
indicators: union density, bargaining coverage and benefit replacement
rates. The impact of trade union power is examined to a greater degree,
because trade unions have an enormous impact on U.S. and German
wage setting, and have a completely different structure in each coun
try. Table 2.3 below presents an overview of the above mentioned labor
market institutions by comparing index numbers of employment protec
tion, trade union density, the bargaining coverage, benefit payments, as
well as minimum wages. There, it can be seen that the high bargaining
coverage as well as high benefit payments, which also determine mini
mum wages, imply more inflexible wage setting regimes in continental

Europe than in anglo saxon countries.

3 See Dolado et al (1996), Blau and Kahn (1999), and Lee (1999) or Gosling
and Lemieux (2001) for detailed discussions of the impact of minimum wages on
explaining the wage distribution
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Table 2.3. A collection of labor market institutions

Year US UK Germany France

Employment Protection
1980 010 035 165 130
1995 010 035 141 150
2001

Bargaining Coverage

US UK Germany France
Union density
023 056 035 019
015 037 029 010
012 031 024 010
Benefit Replacement Rates

1980 026 070 091 085
1995 018 047 092 095
2001 014 >030 068 >090

(2000) (2000) (2000) (2000)

034 033 039 062
027 022 036 058
019 017 032 050

Minimum Wages

1993 039 040 055 050

(1991)
1997 039 043 060 071
2004 042 040 <060 047

Sources: Nickell, Nunziata, Ochel, and Quintini (2003), Bierhanzl and Gwartney (1998), Dolado
et al (1996), OECD (1997), European Foundation for the Improvement of Living and Working
Conditions (EIRO), Brandt, Burniaux, and Duval (2005), 2006 Statistical Abstract of the U S

and own calculations

Although union density has decreased over time for each country,
the number of employees covered by collective wage bargaining varies
in its pattern (see table 2.3 above). In particular, for Germany and
France we observe the highest level of bargaining coverage and also an
increase in this measure. On the other hand, for the U.S. and U.K.
this rate has decreased. Similar results are found for a measure of em
ployment protection mechanisms. It becomes obvious that in 1995 the
measure of employment protection for France and Germany exceeds
the one for the U.S. and the U.K. at least at factor four. Because of the

close relation between unemployment benefits and reservation wages,
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which measure a possible minimum wage, minimum wages in France or
Germany are significantly higher than in Anglo Saxon economies. As
can also be seen from table 2.3 benefit replacement rates and, further
more, payments from the social security system are important factors in
wage setting, particularly in continental European countries. In partic
ular, such payments determine reservation wages. Table 2.4 compares

the unemployment insurance payments of the above mentioned OECD

countries.
Table 2.4. Unemployment benefits
Unemployment Insurance Unemployment Assistance
Payment Max benefit® Duration Max benefit Duration
in USD (yearly) (months) in USD (yearly) (months)
Germany®  60% 30,890 12 27,286 no limit
Germany® 30% (min ) 21,600 no limit
France 75% 60,184 60 4479 no limit
UK Flat Rate 4,084 6 4 084 no limit
US 50% 15,600 6

Source: OECD (2002) and own calculations

@ Payments in per cent of gross earnings, except Germany (net earnings) 1999 purchasing power
parity units are used by the OECD to calculate the USD values

Note that the German data describe the benefit payments before the so called Hartz I'V reform

¢ Please note that the results shown in this table give only a very rough description and do
not include all possibilities of payments which are offered by the new unemployment benefit
system in Germany which started in January 2005 A more detailed survey can be found, for
example, in Sachverstandigenrat (2004), p 229 f

Table 2.4 shows that the most generous social security benefits are
paid in European OECD countries. In particular, France grants the
highest payments during the first 60 months after closing one’s job.

After the termination of unemployment insurance payments, all coun
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tries, except Germany, pay significantly lower unemployment assistance
benefits. Without loss of generality, we can state that, compared to the
U.S. and U.K., France and Germany show the highest degree of la
bor market institutions and, furthermore, the strongest relationship
between institutions and wage setting.

Beside the effects of institutions on wage setting mechanisms, a fur
ther determinant of labor market rigidity is employment protection
legislation. In line with theoretical arguments, the relative employment
ratio should show a positive correlation with employment protection
mechanisms. By relating an employment protection index to the growth
of the relative employment ratio, we obtain the following figure for im

portant OECD countries:
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For any considered country, a significant increase in the relative em

ployment position of skilled workers is reported by figure 2.6.14 How

ever, as suggested by the positive slope of the regression line, which

states that higher employment protection goes at hand with an increase
in the relative employment position of skilled workers.

A similar result is found for the relation between the level of mini

mum wages and the unemployment rate of low skilled workers.
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Fig. 2.7. Minimum wages and low skilled unemployment

As shown by figure 2.7 above, in OECD countries a higher level of
minimum wages is positively correlated with a higher rate of low skilled

14 The data on relative employment are taken from Layard, Jackman, Manacorda,
and Petrongolo (1999) for the years 1980 and 1989 The growth rate is calculated
as T1989/21980 1 The employment protection index is taken from the labor
market institutions database by Nickell, Nunziata, Ochel, and Quintini (2003), the
data applied in the regression are the arithmetic means of the variables in 1980 and
1989 The solid line is calculated by OLS : constant : 0 56(4 54), 8 : 0 106(1 15),
R? =009, t statistics in parentheses
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unemployment.'® Although, the empirical relation is rather weak, the
data show that for main continental European countries like France and
Germany, a high level of minimum wages coincides with high rates of
low skilled unemployment. Furthermore, although the minimum wages
decreased in Germany and France during the last couple of years the
rate of low skilled unemployment remained at rather high levels (cf.

table 2.1).

2.3 Empirical Analysis

2.3.1 Empirical Methodology

The collection of stylized facts of the preceding sections highlight signif

icant differences in the evolution of labor market institutions as well as
in earnings and employment differentials. In addition, the relevance of
wage setting institutions in a non homogeneous labor market, particu

larly in the case of Germany, is shown by Fitzenberger (1999). However,
the empirical studies on wage inequality and labor market institutions
are generally examined in a static framework, although the underlying
theory is a dynamic one.'® Furthermore, the results of Nickell and Bell
(1995, 1996) hamper a more elaborate examination from a dynamic

point of view.

!5 The data for minimum wages and unemployment are taken from the OECD
(1997) as well as OECD (2000) Furthermore, the data set is enlarged by
data taken from EIRO publication “Minimum Wages in Europe”, available at
www.eiro.eurofund.eu.int The data are collected for the year 1997, except for
Germany and Ireland where the data represent the years 2003 and 2004, respec
tively Furthermore, the unemployment rate of low skilled workers is defined in
accordance to the OECD, ie it measures unemployed workers who earned less
than a secondary educational degree The solid line of figure 2 7 is calculated by
OLS: constant : 2 703(0 72), 5 : 0 1207(1 64), R?> = 0 12, t statistics in parenthe
ses

[ ] it could be fruitful to formulate the model as a dynamic bargaining model [ ],
cf Fitzenberger (1999) p 202

16
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The focus of this section is on raising the question of whether there
is a relationship between main variables of interest, i.e. wage inequality,
the employment status of different skill groups, and labor market insti
tutions, which can be identified empirically in a dynamic framework.
To be consistent with the theory discussed in the following chapters
and to ensure comparability between countries, the empirical analysis
concentrates on aggregate data only.

A reasonable approach analyzing the questions above is to spec
ify and estimate a vector autoregression (VAR) model.!” Based on this
empirical model, one is in a position to compute impulse response func
tions which show the dynamic effects of an orthogonal (uncorrelated)
innovation in one variable on other variables of interest. Furthermore,
the derived impulse response functions allow the evaluation of the out
comes of the theoretical models which are discussed in the following
chapters.

In general, the VAR methodology postulates that all variables in the
system are endogenous and can be written as a linear function of its own
lagged values and the lagged values of all other variables in the system.
Let y; a vector of k time series whose dependency can be characterized
by k linear equations; we can then express this relationship by the

following structural VAR (SVAR) representation
Boyt :C+Blyt 1 +---+prt p—i—ut, (21)

where B; represents a quadratic matrix of autoregressive coefficients
and c¢ gives a (k x 1) vector of constants. Furthermore, u; denotes a
(k x 1) vector of white noise structural disturbances with the properties

17 A detailed description of the VAR methodology can be found in Liitkepohl (1993)
or Hamilton (1994), chaps 10 and 11
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of a zero mean and a time invariant variance covariance matrix. If both
sides of (2.1) are premultiplied by B, * the result is a VAR model which
can be viewed as the reduced form of the general dynamic structural

model (2.1):8

yr = Ao+ Arys 1+ .+ Apys p e, (2.2)
where

Ay=B lc (2.3)

A; =B 'B;, for i=1,2,..p (2.4)

et =B luy, (2.5)

where €, is a vector of white noise disturbances with the properties

E(gtag):{zf for# =7 2.7)

0 otherwise.

where Y. denotes a (k x k) positive definite matrix. In comparison
to the structural VAR representation (2.1), consistent estimates of the
coefficients of A; can be obtained by OLS; in addition the matrix X,
can be calculated from the regression residuals.

As with any covariance stationary process, a VAR can be repre
sented as a vector moving average (VMA),' i.e. the variables yj; can
be expressed in terms of the current and past values of the respective
shocks eg ;. This characteristic can be used in order to obtain impulse
response functions, i.e. a representation that describes the response of
Yk,t+s to a single impulse in yy 4, a methodology which was introduced

18 Cf Hamilton (1994) p 327
19 See, for example Hamilton (1994) p 259 ff
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by Sims (1980). In particular, we are interested in so called orthogonal
ized impulse response functions, that are obtained when the innovations
of the original VAR, ¢, are decomposed into a set of uncorrelated com
ponents, &;, which are used to compute the consequences for y.s of a
unit impulse in £; ;. The decomposition of the residuals is, as mentioned
above, based on the VMA representation of the VAR process, as given
by (2.2), i.e.

Yt = Z ésgt ) (2-8)
s=0

where the elements of the matrix @, denote the consequence of a one
unit increase in the j th variable at date ¢ for the value of the i th
variable at date t + s, Oy;45/0¢; = ©,.20 Furthermore, where the com
ponents of &, = (€1, ..., €x,)" are uncorrelated and have a unit variance,
i.e. X, = I, where Ix denotes a (k x k) identity matrix.

In particularly, the parameters of interest are the dynamic multipli
ers. These coefficients can be obtained from the moving average coef
ficients (©,) and a Cholesky decomposition of the variance covariance
matrix Y.. A Cholesky decomposition is obtained if a diagonal ma
trix D whose diagonal components are the variance of €;; is defined,
which leads to the following representation of the standard errors of
gj¢ in the form of a diagonal matrix D>. This leads to the following

decomposition of the variance covariance matrix 2!

5. = AD:D:A' = PP/, (2.9)

20 Cf Hamilton (1994) p 318

2L Cf Hamilton (1994) p 322 Note further that if the matrix of structural pa
rameters By = (cf equation (2 1)) is exactly equal to the matrix A ', then the
orthogonalized innovations would coincide with the structural disturbances, i e

1
ur = Boes = A Et,

(Hamilton (1994) p 328)



32 2 The Empirics of Inequality and Institutions

where

P = AD:.

In this representation a change of one component of ¢; has no effect
on other components because the components are orthogonal, i.e. un
correlated. Because the component’s variances are one, an innovation
with the amount of one is an innovation of the size of one standard
deviation. Then the elements of the matrix @, represent the effects of

a innovation of the k  th variable on variable 3.
2.3.2 Estimation Results

The relation of interest in this section?? is the following equation which
relates the spread of wages, w;, earned by workers of different skill
groups, n; with ¢ = (s)killed, (u)nskilled, to variables describing tech
nological advances as well as the relative supply of skilled workers. Fol
lowing the approaches by Murphy, Riddel, and Romer (1998) as well as
Greiner, Rubart, and Semmler (2004) and assuming a CES production

technology, this relation can be written as follows:
wPread — wi _ 7 X, & & (ns,t> i) (2.10)

Wy Ly Thut
where v denotes the income share of each type of labor, X; gives the
level of technology, &g, &, define an external effect of technology on
the productivity of each type of labor and o denotes the elasticity of
substitution between both types of labor services. Rewriting (2.10) in

logarithms, a linear representation of the wage spread is obtained:

WP = Bo+ (& &u)ie iﬁt’ (2.11)

2 This section mainly refers to Rubart (2006)
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with By = In(,7.), & = In(X;) and fy = In(ns) In(ny,). Variations,
as well as equation (2.11), are at the center of many empirical exam
inations, for example by Katz and Murphy (1992), Katz and Autor
(1999), or Krusell, Ohanian, Rios Rull, and Violante (2000).

In order to derive a dynamic framework, equation (2.11) will be
rewritten as a VAR representation, which will be specified and esti
mated with indicators of technological change and the state of the la
bor market. With the obtained estimations, we derive impulse response
functions to simulate the effects of an innovation in the supply of
skilled labor and technology on the wage spread. Finally, the aggre
gate vacancy unemployment ratio, #; will be considered as an indicator
of the labor market position as well as the influence of wage setting
institutions.

A general reduced form VAR representation of equation (2.11) reads

as follows o

s R
WP » Wy Ew,t

T g 4 €

=0+ d A mh (2.12)
T ‘ Tt 4 €x,t

~ i=1 ~

0 0; ; €0t

where Ay denotes a j x 1 vector of intercept terms and A;, for
1 = 1,...,p, § X j are matrices of coefficients of endogenous lagged
variables. Note that j equals the number of assumed variables.

The general approach to measure technological advances over the
business is to calculate what is known as the Solow residual. For ex
ample, Ernst, Gong, and Semmler (2006)) refer to this measure in or
der to estimate the parameters of a business cycle model with non
clearing labor markets. However, the calculation of this residual, which
is generally based on a growth accounting exercise, requires consistent

measures and availability of time series of the capital stock. To avoid
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such problems technological change is measured by the index of labor
productivity which is, as shown in appendix C, closely related to the
TFP measure (TFP = Total Factor Productivity). In this thesis labor
productivity is measured as output per employee rather than output
per hour. Although the latter measure should be used, output per em
ployee is taken because of the availability of comparable data sets.?
In addition, the above VAR is extended by market tightness, i.e. the
vacancy unemployment ratio.?* Although this ratio does not measure
the influence of labor market institutions directly, it is an important
variable for determining the bargaining power during negotiation pro
cedures, and it also captures structural imbalances. The results of table
2.5 indicate non stationary behavior of the time series in levels, whereas
unit roots are not found when first differences are taken into account.
For the labor market tightness, measured by the v/u ratio, the hypoth
esis of a unit root is generally rejected. Although, the existence of unit
roots allow for cointegration of the variables, we follow the approach
by Sims, Stock, and Watson (1990) and specify and estimate VAR
(see equation (2.12)) models in levels in order to account further for
long run relationships between the considered variables. This approach
further ensures that most of the available information included in the

data is used in the estimation.?® After the consideration the time se

23 The data are based on own calculations (wage spread, relative employment) as
well as on data taken from the OECD Statistical Compendium, OECD Economic
Outlook, 2005 A detailed description of the data used in this section can be found
in appendix B

A reduced form VAR approach to examine macroeconomic policies under labor
market frictions can be found, for example, in Yashiv (2004) In addition, more
sophisticated VAR models of labor market flows can be found in Blanchard and
Diamond (1989) or Balakrishnan and Michelacci (2001) In particular, the latter
study concentrates on job creation and job destruction dynamics in main OECD
countries

%5 See also Enders (1995) p 301 for a discussion of estimating VAR models in levels

24
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ries properties of the applied time series the the lag length of the VAR
models for the U.S. and German economies are determined by using

the general information criteria (see table 2.6, below).2

Table 2.5. Testing for unit roots

US, 19721 1998 4 Germany, 1975 1 2000 1
Deterministic ADF Deterministic ADF
Variable Terms Lags Test Statistic Terms Lags Test Statistic
W /Wy constant, trend 2 2 3544 constant, trend 2 3 0549
1 4 2355 constant 1 2 3139
2 43566  constant, trend 2 2 8551
1 61377  constant 1 4 5677
GDP constant, trend 2 2 6987 constant, trend 2 15955
AGDP  constant 1 54999 constant 1 72240
I/GDP constant, trend 2 17021  constant, trend 2 16720
1 1
2 2
1 1
2 2
1 1

Aws /w, constant
ns [N constant, trend

Ang/n, constant

AI/GDP constant, trend 52501  constant 8 7411
TFP constant, trend 25671 constant, trend 2 3649
ATFP  constant 53564  constant 8 4994
33264  constant,trend 20 5764
4 8278 constant 81193

v/u constant, trend

Av/u constant

McKinnon Critical Values:

1% 5% 10 %
levels 396 341 313
1st diff 343 286 257

26 A detailed description of the specification tests can be found in Liitkepohl (1993)
or Liitkepohl (2004) p 110 f
All estimations as well as the obtained impulse response functions are computed
using JMulTi, available at www. jmulti.de, based on Krétzig (2004)
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Table 2.6. VAR specifications

Variables (intercept and linear time trend included)
US, 197211998 4 Germany, 1975 1 2000 1
Information|ws/wy Ws/Wy Ws/Wy Ws /Wy |Ws /Wy Ws /Wy Ws [ Wy Ws /Wy
criteria | ns/Nu Ns/Ny Ns /Ny Ns [Ny | N /100 Ns /My N[Ny Mg [Ny
GDP I/GDP LP LP |GDP I/GDP LP LP
4 4
AIC 10 2 10 10 6 2 2 10
FPE 10 2 10 10 6 2 2 6
HQ 2 2 2 2 2 2 2
SC 2 2 2 2 2 2 2

AIC: Akaike Information Criterion; FPE: Forecast Prediction Error;
HQ: Hennan Quinn; SC: Schwarz Criterion

For the subsequent estimations of the VAR models as specified
above, a general lag length of two is chosen which is supported by
the Hennan&Quinn (HQ) as well as the Schwarz criterion (SC). After
estimating the respective models, the innovations of each VAR are or
thogonalized by a Cholesky decomposition of the variance covariance
matrix. As outlined in the previous subsection, this representation, ac
cording to Sims (1980), allows us to calculate impulse response func
tions.

According to Acemoglu (1998) an increase in the relative supply of
skilled workers should decrease the wage premium in the short run,
whereas technological change induced inventive activities increase the
demand for skilled workers in the long run and, therefore, lead to an
increase of the wage premium.?” In general, irrespective whether the hy
pothesis of skill biased technological change, as outlined by Acemoglu

(1998), is valid, we should observe a negative response of the wage

2T Cf Acemoglu (1998) p 1057
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spread to a shock in the relative supply of skills. Furthermore, an inno

vation of economic activity or technological advances should lead, after
a while, to an increase of the wage spread. In taking the v/u ratio as
an exogenous indicator of the labor market position, we should expect
a negative correlation between the wage spread as well as the relative
employment position and the v/u ratio. An increase of the v/u ratio
should strengthen the bargaining power of workers (and of the trade
unions), which should lead to a constant or even negative response of
the wage spread. An increase in the market tightness increases the prob

ability for both types of workers of finding a job. Because of the greater
availability of unemployed low skilled workers, an increase in the latter
ratio should lead to a higher increase in low skilled employment relative
to the employment of skilled workers.

The obtained regression results for the equations of the wage spread
and relative employment are shown in tables 2.7 and 2.8 below. As we
will show below, significant evidences of the skill biased technological
change hypothesis is found for the U.S. in the time period between
1978 and 1998. Therefore, we reduce the considered time interval for

the U.S. from 1972 to 1978.28

%8 Please note that significant results (at least at the 10% level) of tables 2 7 and
2 8 are written in bold letters
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Table 2.7. Estimation results, US 1978 1 1998 4

Variable |Deterministic Endogenous lagged
Terms Variables
const ws/wu(t 1) ng/n.(t 1) X(t 1) v/u(t 1)
Ws [ Wy 0 2202 1.7242 00736 00612 0 0064
(0 7234) (22 0183) (0 7343) (0 7039) (0 9334)
t 2
-0.7765 0 0659 -0.0032 00032
( 9 6051) (0 6728) ( 0 0363) (0 5940)
Ne [Ny -0.6444 -0.1072 1.7647 0.2510 -0.0150
( 2 8488) (1 8421) (23 7102) (3 8831) ( 3 1834)
t 2
0 0594 -0.7999 01091 0.0110
( 0 9888) ( 10 9932) (1 6431) (2 7214)

t statistics in parentheses
Significance: 10%: 1 658; 5%: 1 980 (c¢f Mood, Graybill, and Boes (1974) p 556 )

For the U.S., the results presented in table 2.7 initially show a sig
nificant negative intercept term of the equation of relative employment.
However, the impacts of technology and wages are in accordance with
the theoretical explanation. In particular, an increase in technological
advances leads to a significant increase in relative employment, i.e. in
the employment of skilled workers. In the short run, an increase in
the v u ratio leads in the first period to a decline in the relative em
ployment ratio, however, this effect changes significantly if longer time
periods are taken into account. On the other hand, the evolution of the
relative employment status is almost explained by lagged values of this
variable.

The latter observation is also made for the German economy (see
table 2.8, below). As in for the U.S. data, the intercept term for the

relative employment ratio turned out to be significant for the German
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data, too. Furthermore, the relationships between inequality and rela
tive employment mostly behave similarly for both economies. However,
advances in technology and the labor market status have insignificant
but decreasing effects on the relative employment ratio. These results
might be explained by the German educational system which is char
acterized by vocational training activities of the firms. Because of this
“training on the job” rather low skilled workers are enabled to work in
skilled workers jobs, which leads to a decline in the relative employment

ratio.

Table 2.8. Estimation results, Germany 1975 1 2000 1

Variable|Deterministic Endogenous lagged
Terms Variables
const ws/wy(t 1) ng/n.(t 1) Xt 1)v/u 1)
Ws [ Wy 00117 1.7752 0 0084 00108 0 0004
(1 0383) (27 7772) (0 5077) (1 0213) (0 7793)
t 2
-0.76969 00103 00052 00006
( 11 6969) ( 0 6204) ( 0 5856) (1 1227)
ng [Ny -0.1530 0 0084 1.6259 00114 00012
( 3 3666) ( 0 0325) (24 1989) ( 0 2662) ( 0 5422)
t 2
0 0855 -0.7058 0 0462 0 0007
( 0 3104) (10 6739) (1 0747) ( 0 3293)

t statistics in parentheses
Significance: 10%: 1 658; 5%: 1 980 (c¢f Mood, Graybill, and Boes (1974) p 556 )

In a further step, the obtained estimation results are used to derive
impulse response functions which outline the dynamic effects of inno
vations in selected variables. Please note that changes in the order of

variables do not lead to significant differences in the obtained impulse
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response functions. Figures 2.8 and 2.9 below show the responses of an
innovation in technology calculated for a 10 year period for the U.S.

economy.??
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Fig. 2.8. Impulse response functions, US 19721 1998 4

29 Please note that the solid lines represent the point estimate of the impulse
response function The dashed lines show the 95% confidence interval, obtained
from a simulation based Bootstrap distribution (1000 replications) Furthermore,
a change in the order of variables of the estimated VARs does not lead to signif
icant differences in the obtained impulse responses
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Fig. 2.9. Impulse response functions, US 1978 1 1998 4

The main findings for the U.S. economy are that an increase in the
relative number of skilled workers leads to a increase in the wage spread
for ten quarters which, however, turns negative afterwards (figures 2.8
and 2.9, up left). For the time period between 1972.1 and 1998.4 we
observe only a small increase in relative employment after a technol
ogy shock (2.8, second row, middle). However, for the period between
1978.1 and 1998.4 an increase in technology leads to a significant in
crease in relative employment. The impact of technology on the wage
spread is rather low for both time intervals, at least for the second pe
riod we observe a small increase in wage inequality after six years. An
innovation in the labor market tightness, # has in both cases damp
ening effects on the wage spread. However, we find a significant and

persistent reduction in relative employment which indicates that an in
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crease (decrease) in vacancies (unemployment) favors the employment
position of low skilled workers. In general, the empirical results for the
U.S. economy are in line with the theoretical predictions of, for exam
ple, Acemoglu (1998). In particular, for the considered time interval,
the “supply effect” of an increase in the supply of skilled workers is

reproduced by the empirical results.

For Germany, the results of the VAR are shown by figure 2.10 below.
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Fig. 2.10. Impulse response functions, Germany 1973 1 2000 1

In contrast to the U.S., the results for Germany report a positive
response of wage inequality to an increase in the relative supply of
skilled workers (figure 2.10, up left) as well as a positive response of
the wage spread to an increase in technology. Concerning the effects

of an increase in technology, the positive effect on the wage spread is
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much more persistent than reported for the U.S. However, the same
innovation leads to a reduction in the relative employment position
of skilled workers (figure 2.10). The latter effect might be due to the
fact that in Germany, in contrast to the U.S., a successful institution
of vocational education exists which enables workers without college
education to work in jobs which require higher qualifications.

As shown by the empirical analysis, wage inequality and relative
employment behave differently in response to advances in technology
in the U.S. and Germany. In the U.S., technology shocks lead to rather
instantaneous improvements in employment, whereas in Germany we
observe reactions in wages (and the wage spread) rather than in em
ployment. The latter effect might be explained by the high bargain
ing power and the coverage of wage agreements in Germany, i.e. gains
from improvements in productivity result in higher wages rather than
in higher employment. Therefore, it seems questionable whether a DGE
framework with perfect labor markets, as assumed by Lindquist (2004),

for instance, is able to account for the empirical observation.

2.4 Discussion

The recent chapter presented a collection of key stylized facts con
cerning the evolution of educationally based wage inequality and the
employment status of different skill groups for important OECD coun
tries. It showed, in line with the literature, e.g. Saint Paul (1996), that
the wage spread exhibits significant fluctuations at business cycle fre
quencies. Furthermore, a fact which holds for every considered coun
try is that the fluctuation in unemployment (employment) is signifi

cantly higher for lower skilled workers. The same finding holds for the
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respective unemployment rates of low skilled workers. However, when
table 2.1 is considered, the unemployment rate of low skilled workers re

mained rather stable or even declines for anglo saxon countries whereas
for Germany a significant increase in the respective unemployment rate
is observed.

Beside the problem of the skill mismatch, which should lead, given
similar technological advances in both countries, to a similar pattern
of unemployment in the U.S. and Europe, the different institutional
arrangements are considered as the main source of the rise in central
European unemployment, especially of low skilled workers.3’ As de
scribed by tables 2.3 and 2.4, main differences are collective bargaining
systems as well as more generous social or unemployment benefits.

Besides the rather descriptive part of this chapter, a more sophis
ticated approach was undertaken in order to obtain more detailed in
sights into the dynamic relationships between variables. A rather simple
VAR model was built and estimated with several indicators of economic
activity and technological change. With this VAR the main hypothesis
of the theory of skill biased technological change was evaluated. As de
scribed by Acemoglu (1998), an increase in the relative supply of skilled
labor should lead to a short run decrease in the wage spread and, in
duced by technological advances, to an increase in the wage spread
in the longer run. However, whether this dynamic effect can be found
in the data was still an open question. The results of the estimated
VARs and the derived impulse response functions have shown that this
hypothesis holds. In particular, it was shown that the response wage

30 See, e g Blanchard and Wolfers (2000) for a survey of the impact of labor mar
ket institutions on continental European unemployment Furthermore, the recent
study by Ljungqvist and Sargent (2005) refers to layoff costs and generous unem
ployment compensation as the source of high unemployment rates in Europe
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spread and the relative employment variables exhibit a significant de
layed pattern due to advances in technology and an increase in the
relative supply of skilled workers.

Although the VARs studied in the recent chapter cannot compete
with elaborate microeconometric studies based on panel data, the re
sults gave several suggestions for a dynamic theory which will be de
veloped in the subsequent chapters. The key suggestions are that the
response of relative employment and inequality exhibit a delayed or
hump shaped structure; in addition, irrespective of whether a signifi
cant relation exists, relative employment displays a persistent reaction

to advances in technology.



3

Technological Change, the Labor Market, and
Wage Inequality

The third question is whether the
increased ‘dualism’ prevailing in the
French labour market induced a
rise of frictional unemployment [ |
unemployment increases much more
slowly for highly qualified labour
than for ordinary wage earners

(E Malinvaud (1986))

3.1 Introduction

As outlined in the previous chapter, significant differences in the ed
ucational wage spread as well as in the relative employment position
are observed across important OECD countries. Possible sources of the
observed differences are widely discussed in the empirical and theoret
ical literature (see for example Aghion, Caroli, and Garcia Penialosa
(1999), or Katz and Autor (1999) for detailed surveys). However, there
is a gap between empirical and theoretical evidences on wage inequality
and employment. For example, Fitzenberger (1999), and Puhani (2005)
give empirical evidence of the relationship between labor market insti
tutions and relative employment and wage inequality. However, most
of the theoretical work assumes perfect labor markets and derives the
wage spread as the ratio of the marginal products of skilled and low
skilled workers. Labor market institutions, such as trade unions and
wage bargaining schemes are mostly not considered. In addition, the

question remains as to whether it is possible to explain the observed
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cross country differences within one theoretical framework when labor
market institutions are considered. For example, Greiner, Rubart, and
Semmler (2004) estimate an endogenous growth model with skill biased
technological change for the U.S. and Germany and show how differ
ent parameters of the underlying model are able to account for U.S.
German differences in wage inequality. Nevertheless, the above study
did not account for country specific labor markets or even labor market
institutions.

A recent approach that seeks to bridge the gap between theoreti
cal and empirical studies was introduced by Acemoglu, Aghion, and
Violante (2001), who enter search unemployment and wage bargaining
into a model of endogenous growth. Further approaches can be found
in Mortensen and Pissarides (1999) and Petrongolo and Manacorda
(1999) who also apply a search and matching framework. However,
the latter studies concentrate either on the effects of skill biased tech
nology shocks or mismatch problems in the labor market and do not
consider the behavior of other macroeconomic variables such as output,
consumption and investment.

In order to outline fundamental relationships between technological
change, labor market institutions and the resulting wage and employ
ment pattern, model framework that includes labor market frictions
and wage bargaining is developed in this chapter. Due to the assump
tion of search and matching frictions, the recent approach follows the
work of Mortensen and Pissarides (1999). Of course, the characteriza
tion of the labor market and the determination of unemployment due to
search and matching frictions may not give a satisfactory explanation of

any type of unemployment, however, this approach offers a general for
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mulation of labor demand and supply behavior of the respective agents,
i.e. firms and households, and also it allows for the determination of an
equilibrium unemployment rate. The main idea behind the assumption
of search and matching frictions is that the price mechanism is not the
only allocative mechanism, i.e. it is assumed that trade between the
suppliers and applicants of vacant jobs is a costly and time consuming
process.! In addition, this approach enables us to consider two im
portant labor market institutions, wage bargaining schemes and social
security systems. In particular, the latter institution is an important
determinant of reservation wages. The framework described above is
used to discuss the effects of technological change on the employment
status and wages of different educational groups. Furthermore, besides
an analytical examination, the model is calibrated in accordance with
empirical evidences for the U.S. and Germany.

The remainder of this chapter is organized as follows, section 3.2
outlines the general theoretical framework in order to discuss the rela
tionship between technological change, wage inequality under the as
sumption of labor market imperfections. In section 3.3 the model is
calibrated in accordance to empirical evidences for the U.S. and Ger

many, and in section 3.4 the results are discussed.

3.2 Theoretical Framework

In the model framework described below we distinguish between firms
and households. Each firm uses skilled and unskilled labor inputs to

! An introductory survey of search and matching models in Cahuc and Zylberberg
(2004), whereas the most detailed one can be found in the book by Pissarides
(2000)
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produce a single output good. For simplicity, in this chapter we do not
consider capital accumulation and capital labor substitution.?

The representative household consists of a continuum of skilled (n;)
and unskilled (n,) workers. Both types of workers can either can be
employed or unemployed, i.e. n; = h; + u;, where h; (u;) describes
the fraction of (un)employed workers of type i = s,u. If a worker is
unemployed, he searches for a new job in order to become employed
in the next period. For simplicity, it is assumed that no learning (or
schooling) activities take place and that the labor market activities of
both types of agents are separated from each other, i.e. high skilled
workers only apply for high skilled jobs and low skilled workers can
only apply for low skilled jobs.> Within a long run perspective, the as
sumption that skilled workers are allowed to apply for low skilled jobs
still holds. However, this assumption appears unnecessary if short or
medium run effects of technological advances are considered. Further
more, the assumption of separated labor markets is supported empiri
cally by Gottschalk and Hansen (2003).

For the subsequent analysis the following definitions are needed:

in : Value of an employed worker of type i = s, u
in : Value of an unemployed worker of type i = s,u
_th : Value of a filled job position of type 1 = s, u
_th : Value of an open job vacancy of type i = s, u.

2 Please note that this assumption is dropped in the following chapters

# Two recent studies by Gautier (2002) and Pierrard and Sneessens (2003) extend
this assumption and allow high skilled workers to apply for low skilled jobs As we
will show in chapters 5 and 6 below, the assumption of separated labor markets
does not stand in the way of the replication of the results of Pierrard and Sneessens
(2003)
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Given the assumption concerning the production technology, in
which the output good is produced with both types of workers, the
value of a low and a high skilled job is also determined by the availabil
ity of both types of workers and the level of technology, z. By contrast,
the value of an unemployed worker only depends on the respective ben
efits and individual value of being non employed.

If both firms and workers, meet a match will be formed, i.e. a firm
that offers a vacant job gets the job filled if the following condition
holds

QF (i) + Q8 () > QF @) + 28 ().

The above condition states that the aggregate surplus of both a firm
and the member of the household has to exceed the value of the respec
tive outside option, i.e. the sum of the value of remaining unemployed
and the value of an open job vacancy.

The firm’s value of a filled job of type ¢ is determined as the worker’s
marginal product net wage payments as well as the weighted discounted
values of an unfilled vacancy ;2! and the value of a filled vacancy

(1 ;) 02F. More explicit
QF = fo (2, hsy b)) wi + B(i2F + (1 ) 02f), (3.1)

where f'(-) denotes the marginal productivity of a type i worker and
w; the respective wage rate. The parameter 1; gives the probability a
productive job becomes unproductive in the next period. In this nota
tion, the job creation process is formulated as an investment process
under uncertainty where, for example, _QZF denotes the expected present
value of the revenues produced by a type i worker with respect to the

constraint that a job remains productive with probability (1 ;). In
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addition, even if the job does not become productive, the firm still
receives the value from holding the position vacant.* The value of a

vacant position is given by
O = i) + B(a(0)0R] + (1 4(6:))92]), (3.2)

where k;(v;) denotes the costs of creating a job vacancy (v;) and g;(6;)
gives the probability an unfilled job becomes productive. Furthermore,
the parameter 8 denotes the discount factor, i.e. f = 1ir, with r as
the interest rate.

From the household’s perspective, the value of a job, i.e. of an em

ployed worker, follows as
Qff =wi + B2 + (1 ) 2f"); (3:3)
and the value of an unemployed worker follows analogous
Qff =bi+ B(0ii(0)2 + (1 0:0:(6:))92"), (3-4)

where b; denotes social security or unemployment benefit payments and
0; indicates the market tightness, i.e. the vacancy unemployment ratio,
at the type 7+ labor market.

Because of the zero profit condition of vacant jobs®, i.e. QZF = 0,

the following value of a filled job can be derived from (3.2)

ri(vi) = Ba(0:) 2]
p_ (Lt 7)ki(vi)
= qi(0;)

1 As in the literature, the above described decision processes are discussed by solv
ing the respective Bellman equations A detailed discussion of investment pro
cesses under uncertainty by using the Bellman equation can be found, for exam
ple, in Dixit and Pindyck (1994), p 95 f

5 The zero profit conditions follows from the fact that in equilibrium firms exploit
all profit opportunities from creating new jobs, which drives the respective rents
to zero (cf Pissarides (2000) p 11)

(3.5)
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A job is created if the marginal product of labor is at least equal to the
wage rate plus the expected capitalized value of the firm’s hiring costs
(cf. Pissarides (2000): 12). In order to obtain the job creation condition
of the firm it is referred to equation (3.5) which is used to rewrite (3.1)

to

‘QZF| = fhi(za hs, hu) w; + (1 5(1 ’(/)z)) Iﬂ(vi) >0 (3.6)

q:(0:)
Equation (3.6) states that a job is created whether the marginal
product of a worker exceeds the wage rate as well as the present value
of an open vacancy in the next period.
In order to close the model, we have to define the labor market flows
as well as the wage setting procedure. Unemployment of a type ¢ worker
evolves as

i1 = Yihig Mg (ui,v;), (3.7)

and by referring to the following definition®
0:qi(0;) = M;(ui, vi),

equation (3.7) can be rearranged and solved for the equilibrium unem
ployment rate which depends on the exogenous rate of job destruction,
1;, and the tightness of the labor market, ; and the probability a

vacant job becomes productive,

_ Yi
¥i + 0igi(0;)

In accordance with the literature (e.g. Pissarides (2000), or Cahuc

(3.8)

Ug

and Zylberberg (2004)) it is assumed that wages are the outcome of

6 Note that this relationship is determined by the assumption that the matching
function is linear homogeneous; then the probability a vacant job becomes filled
in the next period is given by: M;( )/vi = ¢i(6i) = M(%*,1) A detailed survey
of the matching function can be found, for example, in Peltrongolo and Pissarides
(2001)
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a bargaining process between workers and firms. Within this process
both sides look for an agreement on how to share the outcome of the
activity in which they are jointly involved. In general, such behavior can
be observed in central European labor markets where a high degree of
centralized wage bargaining is observed. The resulting share one party
receives depends on that party’s bargaining power as well as the outside
option.

Under the assumption that the worker or its respective monopoly
union bargains with the firm over wages only, and the firms decides
over its labor demand alone. Let ¢; denote the bargaining power of the

union; the negotiated wage solves the following problem:
w; = argmax(2F)t ¢ )%, (3.9)
Solving (3.9) for the wage w; leads to the following expression:
QoM =g (F + 07 ). (3.10)

By solving (3.9) and with reference to equations (3.1), (3.3) and (3.4)7,

the wage rate of a type ¢ worker results as
w; = bi—l—gbi(fhi(z, hs,hu) b; —i—lﬁi(gi)). (3.11)

As mentioned before, the resulting wage consists of the compensa
tion of lost leisure, b;, which could also be interpreted as unemployment

" Let 27 define the total match surplus of the worker (cf Ljungqvist and Sargent
(2000) p 576); the following conditions have to hold

of o =027 and QF =1 ¢:)27

T

. N7 equals

Furthermore, the annuity value of an unemployed worker
T oH Biri(0;)
027 =b;
147" it bi

By applying the above conditions, and with equations (3 1), (3 3) and (3 4), the
wage rate of a type i worker follows as in equation (3 11)
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benefits, and a fraction ¢; of the surplus of the type ¢ worker in excess
of benefit payments and the cost of vacancy creation k;(6;).

By referring to the job creation condition (3.6), the respective wage
equation (3.11) and, furthermore, under assumptions concerning the
production technology, we can derive an upward sloping wage curve
and a downward sloping job creation curve. In general, the wage and
job creation curves coincide with the labor supply and labor demand
relations, respectively. The equilibrium wage and labor market status

of a type ¢ worker is described by figure 3.1 below.

Wage Curve

Job Creation

Fig. 3.1. Equilibrium wage and market tightness on the ¢ th labor market

Under the assumption that the production technology exhibits skill
biased technology effects and that the firm needs both types of skills in
production, whereas the workers are imperfect substitutes, figure 3.1

illustrates possible, comparatively static, effects of a change in technol
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ogy on a type i worker. Because of the fact that the firm needs both
types of skill for production, an increase in productivity of one type of
worker increases the productivity of the other worker, too, though to
a lesser extent. In general, an increase in technology leads to an out

ward shift of the job creation curve, which results in an increase in 6;
due to the reduction in unemployment and/or an increase in vacancies.
The resulting 6;, w; relationship can be transformed in the u,v space
which represents the equilibrium unemployment vacancy relation with

respect to the job creation wage relation which is figured out below.
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Fig. 3.2. Beveridge curve and labor market equilibrium

Figures 3.1 and 3.2 above describe the effects of advances in pro
ductivity on the job creation wage relation and on the equilibrium un
employment rate. An increase in productivity can lead either to an

improvement or a deterioration of the labor market position, which de
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pends in particular on the negotiated wage. In either case, assuming
that point A denotes the initial equilibrium from which the effects of an
advance in technology are studied. An increase in productivity leads,
at first, to a higher rate of job creation because of the higher valua
tion of productive jobs in the future (outward shift of the job creation
curve, figure 3.1). If the wage setting curve remains at its position,
the vacancy unemployment ratio increases which leads to a decrease
in unemployment (shift from A to C, figure 3.2). However, high bar
gaining power or high reservation wages shift the wage curve upwards.
Whether the increase in wages is too high, the intersection between
the wage and job creation curve is to the left of the initial equilibrium,
i.e. at a higher wage rate but at a lower vacancy unemployment ratio
(points D,E, figure 3.1). The resulting equilibrium unemployment rate
is described by the shift from point A to D in figure 3.2. Similar results
are observed if the increase in technology is not high enough in order

to compensate too high wage settings.

3.3 Quantitative Analysis

3.3.1 Determinants of Employment

As shown in the previous section, the analytical results for the evolution
of employment and wages are rather ambiguous. Therefore, the analysis
is extended by numerical calibration.

The two conditions, job creation and the wage curve, will be used in
the following to analyze labor market policies concerning the equilib
rium outcome, the relative job creation, and the wage spread. In order
to model skill biased technological change , two variants of production

technologies which account for skill biased technological change exist.
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The first refers to Krusell, Ohanian, Rios Rull, and Violante (2000)

and is based on the assumption of capital skill complementarity. This
approach differentiates the stock of capital into structure and equip
ment capital, where the latter is assumed as an imperfect substitute
for skilled labor. The second approach is based on Murphy, Riddel, and
Romer (1998) and assumes different types of technology which augment
either skilled or unskilled labor productivity. The production technol
ogy assumed in this thesis refers to a modification of the approach by
Murphy, Riddel, and Romer (1998) mentioned by Greiner, Rubart, and
Semmler (2004) where only one type of technology is assumed which
exhibits different external effects of technological knowledge on the two

categories of labor

o 1 o 1 UG
V= {n Bt 0 e (312)
where z denotes the stock of technological knowledge, & > 0,7 = s,u
denotes an external effects of knowledge on the productivity of the re
spective skill group. Furthermore, vacancy costs are assumed of the

f
7 ?

form k; x 67, with 0 < p < 1. Benefit payments are assumed to ba
a fraction of aggregate labor income, i.e. b = 7 - Y; for simplicity it
is assumed that no government or public transfer system exists. The
amount of benefit payments is distributed between both types of work
ers with a simple sharing rule: the skilled worker receives b, = 7b and
the unskilled worker b, = (1  7)b, with 7 € [0,1]. As already shown
by (3.4) which describes the value of an unemployed worker, the ef
fects of varying unemployment benefits affect the reservation wages of

the type ¢ worker. That means, increasing unemployment benefits for

low skilled workers increase their reservation wages and decrease job
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search activities, which leads to an increase in the relevant unemploy
ment rate. For the following policy experiment the ratio of benefits per
output®, 7 is varied in the interval between 0 and 1. The experiment
focuses on the comparison of the resulting labor market equilibria, the
relative demand for skills, as well as the wage spread.

For the calibration, the ratio of skilled workers is assumed as 30%
of the labor force which roughly coincides with the U.S. data. Fur
thermore, an unemployment rate of skilled workers is assumed as 4%.
The remaining fraction, about 70%, of the work force is assumed as
low skilled which, furthermore, exhibits an unemployment rate of 15%.
The income share of both types of workers, -, is assumed as 0.5, and
the elasticity of substitution o is chosen in accordance to the literature,
i.e. 0 = 1.4.% For both types of workers, we assume symmetrical wage
bargaining, i.e. ¢s = ¢, = 0.5. The results of this calibration are shown

in figure 3.3 below.

8 In general, the analysis outlined in this section could easily be extended to aspects
concerning firing costs, employment protection, as, for example, described by
Pissarides (2001) The importance of firing costs is, for example, studied by Saint
Paul (1996), chap 9, or by Kohns (2000) See also chapter 6 for a discussion of
labor market policies within a dynamic general equilibrium framework

 See e g Heckman, Lochner, and Taber (1998) p 26
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Fig. 3.3. Labor market outcomes of increasing benefit payments

As shown in the upper row of figure 3.3 (A,B), there is a higher equi
librium wage for skilled workers than for low skilled workers. Further
more, both labor market equilibria exist at a rather low benefit/GDP
ratio. Outside (to the right) of this point, job creation is too low to equi
librate the labor market. This situation coincides further with increas
ing unemployment rates of both types of workers. The lower column of
figure 3.3 (C,D) shows the respective relative employment position and
the respective wage spread. There one observes a rising job creation
in favor of skilled workers which leads to the increase in the relative
employment status (figure 3.3, C). That means if benefit payments in

crease firms create more jobs for skilled workers than for low skilled
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workers, because skilled workers are more productive than low skilled
workers. On the other hand, increasing benefits reduce the wage spread
between the different types of workers because of higher reservation
wages which influence the negotiated wage rates.

In general, the results of our model coincide with the observed styl
ized facts of U.S. and European labor markets. That means, on the one
hand a labor market equilibrium at low rates of social benefits as well as
higher rates of wage inequality (U.S.) is obtained. Otherwise, increas
ing benefits lead to a decrease in job creation for low skilled workers
and to an increase in job creation for skilled workers. The latter re
sult coincides with the observed unemployment pattern of low skilled

workers continental Europe (see table 2.1).
3.3.2 Determinants of Wage Inequality

As outlined above, this rather hybrid model is able to generate rea
sonable employment and wage effects which are consistent with em
pirical findings for the U.S. and continental Europe. In addition, we
have shown how country differences can be discussed within one model
framework by parameter variation. However, the relationship between
technological change and the labor market remained unclear. There
fore, the aim of this subsection is twofold. First, we try to characterize
the effects of technological change on the employment status of each
category of worker, second, wee seek to analyze the implications of the
wage setting mechanisms on the observed pattern of wage inequality.
In advance of the dynamic general equilibrium models, which will
be discussed in the following chapters, the model outlined previously
will be extended by a closer consideration of the individual decision be

havior. In this extension, we endogenize the reservation option (which
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coincides with the value of leisure) of the household. By referring to
Merz (1995), who modeled labor market with search and matching
frictions within a dynamic general equilibrium framework, we define
the functional forms of the household’s and the firm’s decision prob
lem as follows. For simplicity, we assume that a household consists of
a continuum of agents which differ in their skill level. Furthermore,
the household’s members pool their incomes, which leads to a unique
consumption savings decision. The household’s preferences are defined

in terms of consumption and leisure:'°

1 @ hl Vs hl Vy

Cy s, u,t
’ ’ 3.13
1 & 1 vy 1 vy ( )

U(Ctuhs,tahu,t) =
The household is assumed to maximize utility according to the following
resource constraint:
Z ¢i + Ki(8;) = wyhy + wshs, (3.14)
i=h,u
where k;(s;) denotes the search effort an unemployed worker is faced
with in order to get a new job.

Applying the functional form of the utility function and the house

hold’s budget constraint, the surplus of a type ¢ worker is given by:!!

QH = w; Uhi (Ct, hz) + Iﬂ‘,i(Si). (3.15)

7

As shown by equation (3.15), the net surplus of a worker now consists
of the wage, less the disutility of work, given by the partial derivative

of the utility function, and the outside option of the worker that are

10" A detailed description and solution of the household’s and the firm’s optimization
problems is given in section 5 2 Please note, that we abstain for simplicity from
capital accumulation

1 Equation (3 15) is obtained from the envelope condition, i e by taking the deriva
tive of the household’s optimization problem with respect to h;; rather than
hit41
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determined by unemployment benefits. Furthermore, x(s;) describes
the search costs for unemployed workers which have to be covered by
the gain of the new job match.

By referring to the production technology (3.12)), the firm’s net sur
plus of a productive job is obtained in a similar fashion to the house

hold’s value of holding a job:

a
= fui(zhi) w4+ (1 ). (3.16)
7
Equation (3.16) shows that the net surplus of a firm is given by the
marginal product of each type of worker, less the wage and the adver
tising costs.
By taking equations (3.15) and (3.16) and applying the Nash bar

gaining criterion, as outlined by (3.9), the respective wage of a skill

group follows as:

ws = Py, [fhs() + aseh] + (1 ’(/)s) [Uh;\()

wo = [ ()t au] + 1 e[V

Ro(s0)]  (317)
ﬁSu(su)}. (3.18)

The wage spread between skilled and low skilled workers is obtained

by dividing (3.17) by (3.18):
wy O[O Fa]+ 1 w)[0 w6
. (3.19)
e [0+ ab] (1 9 [U50 k(5]

For comparison, if we would consider a model with a perfect labor
market wage inequality is given by:!'?
A6 [Hy T -
WH "1 7P y| °p
= 3.20
o= ] T @20

12 See, Greiner, Rubart, and Semmler (2004) p 608
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Comparing equations (3.19) and (3.20), it is obvious that, given exis
tence of labor market institutions, wage inequality does not depend on
the production technology, external effects of knowledge and the rate
of substitution between different skill groups alone. In particular, as
will be shown below, the bargaining power of the worker or the trade
union has an important effect on wage setting. However, can be seen
from equations (3.19) and (3.20) equalize in the case when 1; converges
to 1, i.e. if there is no sharing rule of the total surplus of a productive
job and when no advertising costs of the firms are assumed.

As mentioned above, because of the introduction of further elements
into the wage setting process and the resulting complexity of the ob
tained equations, makes it difficult to analyze the particular influence
of each variable analytically. Therefore, a further calibration experi
ment is applied to visualize the influences of important variables and
parameters. The parameters for the calibration experiment are chosen
in accordance with the literature as well as empirical observations. The
advertising costs and the substitution elasticity between both types of
workers are taken from Merz (1995) and Heckman, Lochner, and Taber
(1998). Furthermore, we assume advertising costs for skilled jobs are
twice as high than for low skilled jobs. The employment status of both
types of workers coincides with the empirical findings reported in table
2.1. For the v/u ratio, 6, it is assumed that the ratio for skilled workers
exceeds the ratio for unskilled workers by factor three. The parameters
of the utility function are chosen in accordance with the calibration of
the dynamic models presented in the following chapters. In order to

obtain quantitative effects of technology we assume a positive ‘stock
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of knowledge’, A > 1. Furthermore, skill biased technological change is

given by the assumption that €, exceeds €.

Table 3.1. Parameter settings

s  Qu Y Vs,Vu Eu
001 000505 08 11
es A 0 0. o
2 2 03 01 14
A hs hy A
0001 095 08 2

In a first step, we consider how inequality is determined in a perfect
labor market, when only parameters of the production technology, i.e.
the differences (¢5 ¢,) and the elasticity of substitution determines, o,
affect wage inequality. As can be obtained from figure 3.4 below, two,
partly neutralizing effects are at hand. One is the elasticity of substi
tution, o, which has dampening effects on wage inequality. The second
one is determined by the magnitude of the technology effect which is
measured by the difference between 5 and e,). An increasing posi
tive difference increases the productivity of skilled workers and causes,
therefor, wage inequality to rise. As, furthermore, shown by figure 3.4,
the elasticity of substitution is a crucial parameter with dampening
effects on inequality. However, as figure 3.4 shows, if the external effect
exceeds a certain amount, inequality starts to increase irrespectively of
dampening effects of the value of the substitution elasticity.'?

13 The results presented in figure 3 4 are based on parameter variations in equation
(3 20)
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Fig. 3.4. Wage inequality by varying (s ¢,) and o

When labor market frictions are taken into account, further effects
determine wage inequality. Figure 3.5 shows the effects of a varying
elasticity of substitution, o, as well as different levels of bargaining
power of low skilled workers, 1, on wage inequality. The latter as
sumption accounts for the observation that trade unions determine, in
general, the wages of low skilled workers. The remaining parameters,
as well as a positive technology effect, i.e. €5 €, > 0, are assumed to

be constant.
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Fig. 3.5. Wage inequality, wage bargaining, varying ¢, and o

Figure 3.5 shows that wage inequality is high, if the bargaining
power of low skilled workers is low and the elasticity of substitution
between both types of workers is low, too. Comparing the results of
figure 3.5 with the empirical findings, one has to state that the results
fit the data reasonably; that means that the bargaining power of highly
unionized workers (i.e. low skilled or blue collar workers) dampens in
equality if their power is above a certain level.

The importance of bargaining power is also shown in the third cal
ibration where a varying bargaining power of, both skilled and low
skilled, workers is studied. As in the previous calibration we assume a
positive technology effect and an elasticity of substitution, o which is

set as described in table 3.1.
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Fig. 3.6. Wage inequality and varying bargaining power

As expected, inequality increases with the bargaining power of
skilled workers whereby this effect is dampened when the bargaining
power of low skilled workers is high. However, the impact of the bar
gaining strength depends on the worker’s valuation of leisure. When
differentiating the equation of the wage spread (3.19) with respect to
the bargaining strength of skilled and low skilled workers, 15 and 1,

we obtain the results of figure 3.6 under the following conditions:

oLs :
81“/’;; >0 if The + asts + ks, (s5) > Uh;( ) (3.21)
0 ) U, (-

8:/;: <0 if fhy + auby + Ks, (Su) > h;‘\( ) (3.22)

Otherwise, when the worker’s valuation of leisure would exceed the
worker’s value added an increasing bargaining strength leads to oppo

site results.
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3.4 Discussion

In this chapter we outlined the basic framework in order to examine
the effects of technological change on employment and wage inequality.
Before a complete dynamic version of the recent model framework is
studied, the importance and effects of different settings of technological
and institutional parameters were described.

In general, we have shown that it is possible to explain the observed
cross country differences of employment and wage inequality within
one model framework when different parameter settings are assumed.
Based on a basic framework of a labor market which is characterized
by search and matching frictions, as described in section 3.2, two im
portant determinants of the unemployment problem could be filtered
out: technological change and wage setting institutions. In particular,
we have shown that an increase in productivity leads to an increase in
job creation, however, this positive effect is dampened if the increase
in wages exceeds the productivity gains. By referring to the unemploy
ment pattern of low skilled workers (see e.g. table 2.1), and taking into
account that educational wage inequality is rather low in central Euro
pean countries, the simple comparative static analysis, as described by
figure 3.1, explains this observation due to the fact that the increase
in low skilled wages is too high in relation to the respective shift in
job creation. As already mentioned, due to the number of parameters
and variables, a sole analytical explanation could not give a sufficient
explanation of the pattern of relative employment and wage inequal
ity. In a second step, the effects of varying unemployment benefits are
considered in order to incorporate the facts concerning labor market

institutions and unemployment benefits as reported by tables 2.3 and
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2.4. Tt was shown that an increase in general unemployment benefits
or social security payments leads to a relative increase in high skilled
employment and, furthermore, to a decreasing wage spread (see figure
3.3).

In the third step of the calibration experiment, the influence of
parameter variations on the resulting wage spread is analyzed under
the assumption that wages are determined by a bargaining process.
Whereas in a model without wage bargaining the wage spread is deter
mined by the extent of the external effect and the elasticity of substitu
tion (see figure 3.4), further parameters have to be taken into account
when a bargaining is assumed. As figures 3.5 and 3.6 show, the resulting
wage spread depends crucially on institutional parameters. In addition,
the influence of labor market institutions is, in general, able to reduce
technological impacts like the external effects of knowledge.

All in all, the theoretical framework outlined in the preceding chap
ter allows for a more sophisticated analysis of the observed aggregate
pattern of wage inequality and relative employment. In particular,
the gap between the types of empirical evidence, as reported by mi
croeconometric studies by, for example Fitzenberger (1999) or Puhani
(2005), and recent macroeconomic studies on inequality such as Ace
moglu (1998), Murphy, Riddel, and Romer (1998), or Krusell, Ohanian,
Rios Rull, and Violante (2000), and many others has been shortened.

However, the rather static framework discussed in the recent chap
ter, is not able to account for the dynamic effects of technological ad
vances which we found in the data. That means, the time interval in
which an increase in technology leads to an increasing wage spread

or to a rising employment level of skilled workers was not considered.
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Furthermore, the analysis of this chapter gave no explanation of the
cyclical behavior of the key variables such as relative relative employ
ment and wage inequality. Therefore, based on the framework outlined
in this chapter, dynamic general equilibrium models are developed in
the following chapters in order to discuss the effects of technological
change on the observed employment and wage pattern of different skill

groups.



4

Inequality and Employment: Basic Framework

Since we claim to have shown in the
preceding chapters what determines
employment at any point in time
it follows, if we are right, that our
theory must be capable of explaining
the theory of the Trade Cycle

(J M Keynes (1936) p 313)

4.1 Introduction

Before the dynamic effects of technological change on wage inequality
and employment under the assumption of labor market frictions are
studied in detail, the logical starting point is to discuss general the
integration of labor force heterogeneity into a dynamic general equilib
rium framework. The approach of studying the effects of technological
change on employment and wages within a dynamic general equilib
rium framework can be seen as a complement to partial equilibrium
models of the labor market. In general, no different results to partial
equilibrium models are derived, however, this approach offers the op
portunity to study the joint behavior of labor market variables and
other important variables of the business cycle and the macroeconomic
literature such as fiscal policies. As will be seen below, the effects on
other variables such as output and investment are considered as well as
the time dimension of technological change on the evolution of certain
variables are taken into account, too. All in all, the general equilibrium

perspective, gives, from the author’s point of view, additional insights
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in the overall diffusion of technological change on important economic
variables such as, for example, output and consumption. Furthermore,
this framework is generally able to account for a wider class of empirical
evidence than partial equilibrium models.

The stochastic dynamic competitive equilibrium model developed
below is based on the framework described in the previous chapter. Fur
thermore, asymmetric technological advances are considered in order
to study different effects of technological advances on the employment
status and wages of workers who differ in their skills. The structure
of the model basically refers to the notion of equilibrium business cy
cle models introduced by Kydland and Prescott (1982) as well as the
extension outlined by Kydland (1984, 1995). The assumption of labor
market frictions is relaxed in this chapter. This approach enables us to
consider to solely the effects of technological change and the capability
of the model to account for the empirical facts.

By following the approach of Kydland (1984), the assumption of
heterogenous labor is integrated into a dynamic representative agent
framework, where households decide on the optimal supply of labor
and capital and firms choose the profit maximizing amount of capital
and labor for the production of a single output good which can either
be consumed or invested. Furthermore, the original framework by Kyd
land (1984, 1995) is extended by the assumption of different external
effects of advances in new technologies on high and low skilled labor.
Furthermore, by referring to the results by Heckman, Lochner, and
Taber (1998) or Rowthorn (1999), the assumed production technology
is characterized by imperfect substitution between both types of labor

as well as between labor and physical capital.
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Because of the assumption of external effects of new technologies,
as introduced by Greiner, Rubart, and Semmler (2004), the recent ap
proach provides an alternative to the capital skill hypothesis studied by
Krusell, Ohanian, Rios Rull, and Violante (2000) and Lindquist (2004).
In particular, the latter study is the one to refer to in order to study
the business cycle properties of the skill biased technological change
hypothesis.

The remainder of this chapter is structured as follows. Section 4.2
outlines the stochastic dynamic general equilibrium (SDGE) framework
of the model described above. In section 4.3, the equilibrium solution
will be derived, which will be further calibrated with respect to empir
ical evidence. Finally, in sections 4.4 and 4.5 the obtained results will

be discussed.

4.2 A Model Without Market Frictions

The model consists of two types of agents, a representative household
and representative firms which produce a homogeneous output good.
It is assumed that the household consists of a continuum of agents, i.e.
skilled and unskilled workers which are separated from each other and
who pool their incomes. Furthermore, the household owns all factors of
production and all shares of the firms. The distribution of skills is fixed
by assumption and does not change over time; the endowment of phys

ical capital is equally distributed across all members of the household.
The assumption of a representative household that is faced with a sin

gle budget constraint reduces the complexity of the model’s solution.
Otherwise, if a multiagent model were considered, the solution of the

model would depend on the correct law of motion of the distribution
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of the economy’s agents. In this case the distribution becomes a state
variable which leads, as outlined for example by Rios Rull (1995), to
computational problems and prevent the use of several solution meth
ods.!

The interaction of the economic agents is described as follows. Each
period, the household sells factor services, i.e. skilled and unskilled
labor as well as physical capital to the firms. The single good which is
produced by the firms can either be consumed or invested in physical
capital. Firms owned by the households hire capital and labor in order
to produce output each period. The output is sold back to the household
and all profits are returned to the shareholders. Finally, as outlined
by Stokey and Lucas (1989), all transactions take place in a single
once and for all market that meets in period 0,1,2,... T' . There, all
trading takes place such that all prices and quantities are determined
simultaneously. After the market has closed, agents deliver and receive
the quantities of factors and goods they have contracted to sell or to

buy respectively.?
The Household

As already mentioned, the total population consists of skilled and un
skilled workers, which are separated from each other, i.e. unskilled
workers cannot become skilled and vice versa.? Furthermore, total pop

1A detailed discussion of the solution of heterogeneous agents models can be found
in Rios Rull (1995) Further solution strategies and computational methods for
heterogeneous agents models can be found in Rios Rull (1999)

2 See Stokey and Lucas (1989) p 23 f for further details

3 This assumption simplifies the analysis and is rather consistent with the fact that
unskilled workers cannot become skilled within the period of one or two quarters
For example, a study which concentrates on the schooling decision of workers
within an overlapping generations (OLG) framework can be found in Heckman,
Lochner, and Taber (1998)
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ulation is normalized to one, i.e. u +s = 1, where u and s denote
the measures of unskilled and skilled workers. Each agent is endowed
with one unit of time, i.e. hours worked by an agent of type ¢ = s, u,
hit =1 n;z, where n;; denotes the leisure time of the respective agent.
The total number of hours worked by the respective type of workers fol
lows as hyy = s-(1 mngy) for skilled workers and by = u- (1 n,,) for
unskilled workers. Furthermore, because of the assumption that skilled
and unskilled workers are members of a single household, we assume
that both pool their income which leads to a single consumption /
savings decision.

The household derives utility from consuming a single consumption
good, ¢, and from leisure activities of the respective skill group. The
preferences of the household are described by an additively time sepa
rable utility function. Time separability means that the marginal utility
of consumption at date ¢ is independent of the marginal utility at other
dates. Furthermore, the utility function U(ct, hs.t, hu,t) is assumed as
twice continuously differentiable in all arguments, strictly concave and

satisfying the Inada conditions, i.e.

c—0 hs—0 hy—0

and

c—00 hs—00 hy—00

The members of the household receive wage income, i.e. w, and

wg, as well as capital income 7y from lending capital k; to firms. The

optimal decision problem of the household follows as:*

1 Please note that there are two ways to solve this kind of intertemporal models:
the approach via the value function as in Stokey and Lucas (1989), or directly
via the Lagrange function as proposed by Chow (1997) In this book I follow the
latter approach
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gfi)i Ey g B'U (ct, hsyt, hu,t)] (4.1)

subject to
ct + Iy = riky + wg 1Shsp + Wy guhy ¢ (4.2)
k1= (1 0k + I, (4.3)

where (4.2) describes the household’s budget constraint and (4.3) de
notes the law of capital accumulation. Furthermore, I; is defined as
gross investment in physical capital and the parameter 0 < § < 1
denotes the depreciation rate.

The household’s decision problem, as outlined by equations (4.1)
(4.3), leads to the following Lagrange function:

ctshit

max EH = Et Z Bt |:U(Ct7 hs,t7 hu,t)

t=0
At [w e8Pt + Wy tthy (4.4)
+’f‘tkt Ct kt+1 + (]. 5)kt]:| )

which yields the following first order conditions®

Ue() = Mt (4.5)
Un, (") = Atws ¢ (4.6)
Un, (") = Awu (4.7)

1= BE, ng: E_()') (147 0), (4.8)

where (1 + 7411 J) denotes the return of capital, determined by the
interest rate r411 and the depreciation rate J. Furthermore, A\; denotes
the Langrange multiplier associated with the household’s resource con

straint.

% Please note, that subscripts except t and ¢ + 1 denote partial derivatives
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The Firms

If the price of the output good p; is normalized to 1, the problem of
the firms is to choose the profit maximizing demand for factor inputs
per period given the prices for skilled and unskilled labor as well as

physical capital, ws ;, Wy ¢, ¢, i.ef

max Ht = (yt wu,thu,t wsﬂghs’t ’f'tkt) , (49)
hs,tshut,kt

subject to
yr < f(kes hsyts Pt 2t).- (4.10)

Concerning the production technology f(ki, hs ¢, hu i, 2t), it is assumed
that it is twice continuously differentiable in its arguments, it exhibits
positive and diminishing marginal products of its inputs, it is strictly
concave and it satisfies the Inada conditions, i.e.

lim fi(-) = hlsiglofhs(') = lim_fp, () =00

and

dm fo() = L fp, () = lim fp, () =0
Furthermore, z; represents the state of technology which is assumed to
follow a stationary first order autoregressive process, as described by

the following law of motion
Zt+1 — W2t + 6§+1, (411)

with € ~ i.i.d. N'(0,02) and w € [0, 1].
The solution of the firm’s optimization problem (equations (4.9) and
(4.10)) leads to the optimal factor demands as well as to the result that

factor prices equal their marginal products

6 Stokey and Lucas (1989) describe the firm’s problem as a sequence of one period
maximization problems Cf Stokey and Lucas (1989) p 25
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re = fr(") (4.12)
ws s = fn, () (4.13)
Wyt = fr, (). (4.14)

4.3 General Equilibrium

Following Stokey and Lucas (1989), a competitive equilibrium of this
economy is characterized by a set of prices {(r, ws ¢, wy )}, as well
as an allocation” {(k¢, h¢ e hd 1 Yt) 1720 for the representative firm and
an allocation {(c, Iy, key1,

ki hg g hy ) }2o for the representative household, such that at the

stated prices®

1. {(kg, h?t, hd 1 Yt) }720 solves the maximization problem of the firm,
given by equations (4.9) and (4.10).

2. {(ct, Ity kiva, K7 gy, by, 1) 12 solves the household’s problem, given
by (5.9) (5.11).

3. all markets clear, i.e.

kit = k§, h§y = hiphiy = hiy oo+ I =y, V 1.

From the first order conditions of the households and the firm’s op
timization problems (see equations (4.5) (4.8) and (4.12) (4.14), the

following optimality conditions are derived:

Un, () = Ue(:) - fns ()5 (4.15)
Un, ()= Ue(") - fn,()u (4.16)
l=Ep [Ugi; Rt+1]7 (4.17)

" Please note that the superscripts ()¢ and ()® characterize the demand and the
supply of a variable, respectively
8 Cf Stokey and Lucas (1989) p 25
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with Ry = fkt—H(') +1 4.

The aggregate resource constraint is given by
Ct + It = ws,tshsyt + wuytuhuyt + ’f‘tkt. (418)
Finally, the solution of the model is a set of variables

Q2 = {ci, I, yi, ka1 Psgs hag, 2t ) (4.19)

determined by equations (4.3), (4.10), (4.11) and equations (4.15)
(4.18). Furthermore, the following variables are introduced in the ex
amination although they are not necessary for the solution: the relative

employment status of different skill groups and the spread of wages.

4.4 Numerical Analysis

4.4.1 Function Specification

In this section the model will be solved numerically for its deterministic
steady state. This solution will be applied for a linear approximations
of the nonlinear equations around its steady state. Economically the
steady state of a model is interpreted as the long run equilibrium where
all variables grow at the same rate.” Because of the assumption that
the population remains constant and the assumption that technological
change exhibits no constant growth rate, no transformation of variables
is necessary. In the following it is abstained from the analytical deriva
tion of the steady states, because the used computer algorithm which

is able to calculate the steady state of the model numerically.

® Mathematically the steady state is defined as a fix point of a system of dynamic
equations, for example, the following condition has to hold when a steady state
is calculated:
Xy 1 =Tt =2
A description how to find the steady states of a dynamic general equilibrium
model analytically can be found in Uhlig (1999) or Heer and Maussner (2005)



82 4 Inequality and Employment: Basic Framework

Before the model is solved numerically, the functional forms of the
household’s preferences and the production technology have to be de
fined.

The preferences of the representative household are described by the
following utility function:

1 @ Al Vs Bl vu

Cy s, u,t
’ ’ 4.20
1 & 1 vy 1 vy ( )

Ulct, hs,ty hut) =
with @,v1,v9 > 0, where @ denotes the intertemporal substitution elas
ticity of consumption and v, vy represent the respective elasticities for
the supply of labor.

The production technology is specified in order to capture the exis
tence of substitution elasticities different to one between both types of
labor as well as between labor and capital. In particular, the produc

tion technology is assumed to be analogous to Heckman, Lochner, and

Taber (1998):

1
76) =2 (@) + (1 R+ (1 akf?) ™,

(4.21)
where p1, p2 > 0 determine the substitution elasticities given by | 1pi
and, furthermore, 0 < «,7y < 1 determine the respective income shares
of total labor as well as the income share of the respective skill group.
First, the production technology accounts, as mentioned above, for sub
stitution elasticities different to one; secondly, skill biased technological
change is introduced by external effects of technological change due to
the parameters &, £, > 0. This alternative representation, introduced
by Greiner, Rubart, and Semmler (2004), concentrates on the impact

of technology rather than capital skill complementarity as introduced
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by Krusell, Ohanian, Rios Rull, and Violante (2000), which is also con
sidered in a business cycle framework by Lindquist (2004).
Furthermore, we introduce asymmetric technology shocks by assum
ing three different types of technologies: z;, Z;, and Z;, where Z; denotes
a skill biased shock and z; a low skill biased one. Then, the production

technology rewrites to

FO) =2 (aly(& e hs + (1 NEEh)?) 5 + (1 a)kf?)™
(4.22)

Because of the assumption of perfect labor markets, wages are de

termined by the marginal product of skilled and unskilled labor, i.e.

1+ ) 1 1 P2 1 o 1
Wt = V2 fspZAfft S AN hgft (4.23)
1 1 1 P2 1 1
wae = (1 7)z &AL AR R, (4.24)

with

i}
Ay = a(y(2fhe))? + (1 NG hug)) 7 + (1 a)kf? (4.25)

’

Aoy = (25 hs ) + (1 ) (2 B (4.26)

The wage differential between both types of workers is obtained by
dividing equation (4.23) by equation (4.24):

p
'J)t _ Ws,t — Y Zfs ' |:h8,t:|p1 ! ) (427)
1 Y thu hu,t

The relative employment share of both skill groups is defined as

= st (4.28)
hu,t
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4.4.2 Calibration

The focus of the preceding section is to derive insights into the model’s
ability to reproduce stylized facts of the business cycle, measured by
the correlation of a set of variables with GDP, and to derive impulse
response functions which indicate the behavior of the model’s variables,
in particular employment and wages, after an unanticipated technology
shock.

In order to conduct the analysis outlined above, it is necessary to
transform the system of equations given by (4.3), (4.10), (4.11), (4.15)
(4.18) as well as the functional forms as defined in (4.20), (4.21), (4.27)
and (4.28), to a system of linear equations. A linearized system of the
above equations is obtained by a first order Taylor series expansion
around the deterministic steady state as proposed by Juillard (1996)
as well as Collard and Juillard (2001).'° The deterministic steady states
of the model are computed numerically by a Newton Raphson method
provided by DYNARE.!!

The parameters chosen for the calibration experiment are reported

in table 4.1 below.

10 Tn general, Collard and Juillard (2001) propose higher order Taylor series approx
imations For computational reasons and because of the fact that second order
approximations do not change the results, the first order approximation is chosen

11 A brief description of DYNARE is given in appendix D
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Table 4.1. Parameter settings

a v s u fB
064 05025 (1s)099
6 @ vs vy p1
002505 08 08 03

P2 Ss é-u w
01 1410 095

The parameters are chosen in accordance with the empirical evi
dence, a = 0.64 denotes the labor’s share of total income, the income
distribution between both skill groups, determined by <y, is assumed
to be equal. The amount of skilled workers of an economy is assumed
to be 25% and is consistent measures for the U.S., where the ratio of
employees who have earned some college degree was reported to be
28% in 2002 (see table 2.1). The parameters (3, §, and ¢ are chosen
in accordance with the literature. The labor supply elasticities v, vy,
are assumed equal. Their parametrization is chosen in accordance with
Chari, Kehoe, and McGrattan (2000). The elasticity of substitution
between both types of labor p; is calibrated in order to replicate the
empirical measures which report a substitution elasticity of 1.4'2, fur
thermore the elasticity of substitution between labor and physical cap
ital is assumed to be close to unity as reported by Heckman, Lochner,
and Taber (1998). Concerning the external effects of technology &, &,,
it is assumed that skilled workers are 40% more productive than low
skilled workers, which coincides with the measures of Greiner, Rubart,
and Semmler (2004).

12 Cf Heckman, Lochner, and Taber (1998) p 26
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The following figures summarize the obtained responses of output,
wages and the employment status of both kinds of workers due to unan

ticipated advances in neutral, skill and low skill biased technology.
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Fig. 4.1. Output responses of different technology shocks

An increase in any type of productivity leads to a positive response
of output and employment of both skill groups.'? However, the output
response of a neutral shock is as high as its calibrated standard devi
ation, whereas the response of a skill biased technology shock exceeds
the latter by a factor of 10 to 20. As shown below, a neutral shock leads
to only a small increase in employment. Because of the slight increase
in employment, the output expansion is negligible, too.

Beside the question whether a neutral or a more skill enhancing pro
ductivity shock leads to a higher response of output, the main interest

should be focussed on the response of the relative employment position

13 The same holds for consumption and investment activities
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and the wage spread. Figures 4.2 and 4.3 below show the effects of the
different technological advances on the wage spread as well as the rel

ative employment position.
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Fig. 4.2. Responses of a neutral technology shock

As shown in figure 4.2, a neutral shock in technology forces the
relative employment ratio to increase, i.e. employment of skilled workers
increases more than employment of low skilled workers. At the same
time, the wage spread is forced to decline (diamonds). This effect is
caused by the fact that the immediate decline in the marginal product
of skilled workers due to the higher increase in employment leads to a
relative decline in the wage spread under a neutral technology shock.
In addition, the neutral increase of technology, i.e. the productivity
of both types of workers, is affected similarly, which forces the factor

demands and prices to behave rather equally.
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A significant change in the magnitude of the observed responses is
found when either skill or low skill biased technology shocks are con
sidered (figure 4.3, below). There, we observe the expected responses
of wage inequality and the relative employment position. A skill biased
technology shock forces the employment of skilled workers to increase
(dashed line). Due to the higher productivity, the respective marginal
products tend to increase, too, which leads to an immediate increase in
wage inequality (black diamonds). The reverse pattern is observed after
an unanticipated increase in low skill biased technology. There, inequal
ity and relative employment exhibit a negative response. In comparison
to a skill biased shock, the magnitude as well as the persistency of the
adjustment pattern, one has to state that the effect of a skill biased
shock is greater than a low skill biased one. A further important ques
tion, especially when looking at continental European labor markets
concerns the demand for low skilled labor. Figure 4.4 below shows the

adjustment processes of the demand for low skilled labor.



% dev. from steady state

% dev. from steady state

0,04 q

0,08 q

0,02 4

0,01 4

0,00

4 4 Numerical Analysis

——wi_skill_aug

—o—wi_low_skill_aug
= = = relemp_skill_aug
relemp_low_skill_aug

-0,01 4

-0,02 -

Fig. 4.3. Responses of skill and low skill biased

0,020

0,016 -

0,012 4

0,008

0,004 1

17 19

Quarters

21 23 25 27 29 31 33 35 37 39
shocks
- 0,00013

—a— skill augmenting
—a— low skill augmenting
—neutral

 0,00010

 0,00008

 0,00005

 0,00003

0,000

1 383 5 7 9 11 13 15 17

19 21

Quarters

23 25 27 29 31 33 35 37 39

0,00000

Fig. 4.4. Employment position of low skilled workers

% dev. from steady state (neutral shock)

89



90 4 Inequality and Employment: Basic Framework

As outlined, for example in table 2.1 or by the empirical findings
of Puhani (2005), the demand for low skilled workers decreased sig
nificantly during the 1980s for continental European countries. The
prediction of the model concerning the demand for low skilled work
ers after asymmetric technology shocks is that the demand increases
(figure 4.4). The behavior of the responses is determined by the as
sumed production technology, in which the factor demand depends on
the amount and the productivity of the other production factors, too.
That means when a rise in productivity os skilled workers is at hand,
the productivity of low skilled workers increases to, however, at a lower
degree.

Finally the question is raised whether the models are capable of
reproducing basic facts of the business cycle. Table 4.2 below reports
the empirical findings for the U.S. and Germany. In general we observe
for both countries a rather low volatility of skilled workers (around
2/3 of the volatility of the GDP) and a rather high volatility of low
skilled workers. Furthermore, the fluctuation of real wages in Germany
is, compared to the U.S., rather low (.40 < .90), too. An important
difference is observed for the volatility of the wage spread: for Germany
a rather stable wage spread is reported whereas one observes a volatile
variable for the U.S. (0.16 < 0.82). Furthermore, we observe a negative
correlation between the wage spread and output for both countries.

The same finding holds for the relative employment position.
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Table 4.2. Business cycle evidences

US, 196411999 1
Relative Correlation of Observed Variables

Volatility y c T Ms Ny NNy Ws Wy W Wy

Yy 100081089 005 022 023 037 033 004
077 100075 001 021 051 061 041 027

i 244 100002 013 013 039 020 002
N 055 100 016 029 010 012 027
Ny 122 100 090 027 054 044
ns/n. 125 100 031 047 031
W 095 100 071 015
Wy 116 100 059
ws/w, 082 100

Germany, 1973 1 2000 1

Yy 100078073 028 024 013 042 051 022
147 100062 023 019 010 027 018 009

i 224 100 017 013 006 033 033 006
N 070 100 08 045 020 011 002
Ny 116 100 08 023 018 001
ns/n. 067 100 020 017 014
W 022 100 076 027
Wy 024 100 038

ws/w, 016 100
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Although the negative output employment correlation found for the
German data surprises, this result can be explained by the fact that the
considered employment data refer to the West German manufacturing
sector which reduced any type of employment during the considered
time period. However, the positive correlation between the relative em

ployment ratio and output shows, as expected, a positive sign.

Table 4.3. Business cycle properties of the RBC type model

Relative Correlation of Simulated Variables

Volatility y c T Ng Ny Ns/Nu Ws Wy W /Wy

y 100072091 094093 094 098092 089

049 100038045038 036 075078 035

i 069 100095085 073 087077 046

ns 006 100068 089 093069 069

n. 002 100 027 066088 006

ns/ma 007 100 081037 094
ws 008 100084 061

w, 007 100 008

we/w, 001 100

Comparing the reported correlations with the empirical findings, it
is obvious that the output correlation of the employment and wages is
much higher than found in the data. Furthermore, one finds a negative
correlation between output and low skilled employment which is not
found in the simulation results. Furthermore, the negative correlation
between employment and wages is also not found in the model. How
ever, the high correlation of low and high skilled employment which is
reported by the German data is reproduced by both models as well as

the relationship between both types of wages is reproduced quite well.
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4.5 Discussion

In recapitulating the discussion of the wage spread the reader is, in gen
eral, referred to the long run perspective of endogenous growth models
with perfect labor markets, for example Murphy, Riddel, and Romer
(1998), Krusell, Ohanian, Rios Rull, and Violante (2000), or Acemoglu
(1998).14 However, the results of the recent chapter show that the as
sumption of a perfect labor market is insufficient in order to reproduce
the empirical pattern of wage inequality and relative employment.

As reported by the empirical analysis in section 2.3.2, wage inequal
ity and relative employment exhibit a delayed or hump shaped response
to shocks in technology. However, as shown by figures 4.1 4.4, neutral
and skill biased technological advances lead to an immediate increase
in wage inequality and the relative employment position, whereas an
unanticipated shock in low skill biased technology leads, as expected,
to the opposite effect. Furthermore, in order to reproduce the findings
for continental European labor markets, a skill biased technology shock
should lead to a decline in the demand for low skilled labor. However,
the reported employment response of low skilled workers is always pos
itive (see figure 4.4).

When comparing the simulated correlation coeflicients to their em
pirical counterparts (tables 4.2 and 5.2), the model reproduces the
counter cyclical pattern of the wage spread, however to a greater extent
than is found in the data.'® In addition, the negative correlation of the

relative employment status is not reproduced by the model. The latter

14 A notable exception is Acemoglu (1999), where the determinants of wage inequal
ity are combined with the assumption of imperfect labor markets

5 The counter cyclical correlation of output and the wage spread is also reported by
Skaksen and Sorensen (2005), who develop an empirical model with capital skill
complementarity for the U S and Denmark
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result is explained by the effect that the skill biased technology shocks
dominate the employment pattern in this economy, i.e. the level of em
ployment increases immediately for both types of workers, although the
employment position of skilled workers increases to a greater extent.
The immediate positive response of output and relative employment
leads to this pro cyclical correlation of output and employment.

All in all, the extension of a Kydland and Prescott (1982) style com
petitive equilibrium model which is extended by two types of workers
and asymmetric technology shocks does not lead to a better explana
tion of the observed pattern of wage inequality and relative employ
ment. In particular, it does not provide a reasonable explanation for
the increase in low skilled unemployment which is reported for conti
nental European countries. Therefore, the aim of the following chapters
is to develop a model in which one is enabled to discuss involuntary
unemployment. In addition, in order to account for central European
labor market institutions, market frictions and a general form of a wage
setting mechanism are introduced into the described dynamic general

equilibrium framework.



5

Inequality and Employment Under Labor
Market Frictions

DSGE models have come a long way
since Kydland and Prescott (1982)
in incorporating labor market
frictions and giving correspondingly
more realistic portrayals of the
economy Recognition  of  the
heterogeneity of workers and jobs
has been central to this improvement
in macro modelling

(R E Hall (1999) p 1167)

5.1 Introduction

The impact of skill biased technological change has already been dis
cussed by Acemoglu (1999), Mortensen and Pissarides (1999) or in
a recent paper by Hornstein, Krusell, and Violante (2005). However,
a concentration on the long run impact of skill biased technological
change (as in Acemoglu (1999)), or on partial equilibrium models like
Mortensen and Pissarides (1999) does not seem sufficient in order to
account for the observed unemployment pattern. For example, long
run growth models do not account for business cycle fluctuations of
important variables and, furthermore, partial equilibrium models do
not account for capital accumulation and possible substitution effects
between certain variables such as capital and labor.

In order to study the relationship between skill biased technology

shocks and the employment status of different skill groups the dynamic
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general equilibrium framework of the previous chapter is extended by
a labor market which is characterized by search and matching frictions
and wage bargaining (see chapter 3.2). The importance of such fric
tions, in particular wage bargaining schemes, in order to explain the
outcomes of European labor markets is highlighted by the study of de
la Croix, Pfalm, and Pfann (1996). In general, a similar line of research
can be found in the work by Ljungqvist and Sargent (1998), Mortensen
and Pissarides (1999), Albrecht and Vroman (2002), Gautier (2002) or
Pierrard and Sneessens (2003). In particular, we extend the work by
Gautier (2002) or Pierrard and Sneessens (2003) by introducing capi
tal accumulation, households’ labor leisure choice as well as low skill
augmenting technology shocks. The latter assumption allows us to ex
amine the effects of skill enhancing policies on the employment status
of the respective skill group. In contrast to Gautier (2002) and Pier
rard and Sneessens (2003), our model assumes (in line with Mortensen
and Pissarides (1999)) a segmented labor market, which means that
skilled and unskilled workers can apply to skilled and unskilled jobs,
only. This assumption simplifies the analysis and is in line with recent
empirical results by Gottschalk and Hansen (2003). In addition to the
examination of impulse response functions, the analysis of this chapter
concludes with a comparison of the obtained results with the outcome
of a model without labor market frictions. There, it will be shown that
a model with labor market frictions improves the ability of the model
with a frictionless labor market to reproduce the empirical facts and the
obtained impulse response functions of a variety of technology shocks.
In particular, it will be shown that a neutral technology shock leads to

a hump shaped or delayed response of the variables. This might explain
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why the IT revolution fostered economic activity in the U.S. relatively
fast whereas the initial impact of the introduction of new technologies
appeared delayed in continental European countries.

The remainder of this chapter is organized as follows. Section 5.2
outlines the market structure of the model. In section 5.3 we present
the equilibrium solution and the calibration of the model. Section 5.4
presents the obtained results, and section 5.5 concludes with a short

discussion.

5.2 The Model

Market Structure of the Model

The model outlined below is based on the seminal work by Merz (1995),
Langot (1995), on suggestions made by Cahuc and Zylberberg (2004)!,
and Greiner, Rubart, and Semmler (2004). The model economy con
sists of two sectors a household and a production sector. The household
sector supplies labor and physical capital to the production sector. The
labor force is differentiated into two skill groups, high and low skilled
workers, which are assumed to be imperfect substitutes in production.
The production sector consists of many small firms which require cap
ital and both types of labor services in order to produce a single good
which can be either consumed or invested. The market for final goods
is characterized by perfect competition, whereas the labor market is
characterized by search and matching frictions. It is assumed that jobs
for high and low skilled workers are destroyed in any period at an ex
ogenous rate 0 < v; < 1 with ¢+ = s,u and % < ,. Furthermore,

! See Cahuc and Zylberberg (2004), chap 10
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we assume a two sided search process, i.e. both unemployed workers of

each skill group and firms with vacant jobs seek new job matches.
The Labor Market

The economy’s labor force is assumed to be constant and is normalized
to one. Let [;; denote the ratio of labor of the skill group i = s,u,
ie.n =1 = I; + l,. Each type of labor can either be employed or
unemployed, i.e. I; = h; + u;. The employment of each skill group

evolves according to

hspr1 = (1 "/’s)hs,t + M, (5.1)

hu,t—l—l = (1 "/’u)hu,t + Mu,ta (5'2)

where 1; € (0, 1) denotes the exogenous rate of job destruction and M; ;
gives the number of newly created jobs in period ¢ for a type ¢ worker.
New job matches are created through a linear homogeneous matching
technology,

M; = M(s;1uip,vig). (5.3)

As mentioned above, it is assumed that both skill groups are separated
from each other, i.e. low skilled workers can not apply for high skilled
jobs and vice versa. The matching technology given by equation 5.3
implies the following transition probabilities from unemployment to

employment and from an unfilled to a filled job vacancy of type i:

M; 4
it = ’ 9.4
Pit Si,t(l hi,t) ( )
M.
gio=_ " (5.5)
Uit

The market tightness for each type of worker, 6;, follows as
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VUs,t
05 = ’ 5.6
ot (1 hs,t) ( )
Vu,t
Out = ’ . 5.7
u,t (1 hu,t) ( )

With the definition of /;; = w;; + h;; the respective employment and
unemployment rates of each skill group follow as izi,t = hi/li; and
Ui = ugg/lig, 1e.

Ui =1 hiy. (5.8)
The Household Sector

We assume a representative household with a large number of mem
bers which is normalized to one. The household chooses investment in
physical capital, I;, and the search intensities, s; ; of the respective skill
group in order to maximize the present discounted value of their life
time utility. Households receive income from lending capital to firms at
the interest rate r, and from having a fraction of both types of their
members n;; work at the respective wage rates w; ;. The household’s

maximization problem reads as follows:

Uy = max gﬂtU(Ct, Rty hut) (5.9)

subject to
Z wi thi gy + ik = cp + I + Z ki(sit) (1 hiy) (5.10)
Z ko1 =(1 0)k ;It (5.11)

hs,t+1 = (1 ws)hs,t +ps,t55,t(1 hs,t) (512)
hu,t+1 = (1 wu)hu,t +pu,t5u,t(1 hu,t)7 (513)

where ¢, ki, ¢, h;y denote consumption, physical capital, the interest

rate, and the respective type of labor. Furthermore, s;;,1; and p;
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represent the search intensity, the rate of job destruction and the prob
ability at which an unemployed workers finds a new job. The costs of
an unemployed worker of type i for searching for a new job is given
by the function k;(s;;). If a job is productive, the worker of type ¢
receives a negotiated wage w;; (see below). Furthermore, it is assumed
that the different types of workers pool their incomes, which leads to
a complete insurance against the loss of income during unemployment
(cf. Merz (1995) p. 273). Furthermore, this assumption leads to a single
consumption savings (investment) decision of the household which also
simplifies the solution of the model.

The household’s maximization problem, given by equations (5.9)

(5.13), leads to the following Lagrange function:

Ct,Si,t

o0
max EH = Et{ Z Bt |:U(Ct, hs,ta hu,t)
t=0

+>\t< Z wi,thi,t + (1 + 7 5)kt Ct

1=8,U

B Y o)) (5.14)

1=$,u

+§1,t (hs,t+1 (1 z;bs)hs,t ps,tss,t(l hs,t))
+§2,t (hu,t+1 (1 wu)hu,t pu,tSu,t(l hu,t)):| }

The first order conditions of the household’s optimization problem fol

low as:
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Ue() = A (5.15)
ﬁss,s(ss,t)At = fl,tps,t ( )
ﬁsu,u(su,t)At = fz,tpu,t (5-17)
N=BE{ ML+ 6)} (5.18)

St = B{Uhs () A1 (wspi1hs i1 + Ks(Ss041))

e (1 o) ps,t+135,t+1)} (5.19)
Sot = {Uhu( ) At (Wu 1 bt + Eu(Suge1))
o011 (1 %u)  Puts1Suir1) }, (5.20)

where A\, & and & denote the Lagrange multiplier of the respective

constraint.
The Production Sector

Following Merz (1995) firms choose the plans for the amount of cap
ital they rent from households and for the number of vacancies, v;,
they post at constant vacancy cost a;, in order to maximize the present
discounted value of their stream of future profits. Firms sell their out
put y; at a price that is normalized to one. The factors of production,
capital and labor, are bought at the interest rate r; and the wage rate
wj ¢, respectively. It should be noted that the wage is determined in a
Nash bargaining procedure which will be described below. The assump
tion that the household owns and accumulates physical capital and that
firms only decide over the use of capital in the production process refers
to Cooley and Quadrini (1999) as well as Burda and Weder (2002). A
slightly different approach is to assume that firms invest and accumu
late physical capital (see Langot (1995)). By assuming a perfect capital

market and under the assumption of market clearing both approaches
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lead to the same solution. The firm’s decision problem is given by:

00
max F ENIT, 5.21
kt,Ui,t t tz:% 5 t4Lt ( )
subject to
hs,t+1 = (1 Q/JS)hs,t + Qs,tVst (5'22)
hu,t+1 = (1 Q/’u)hu,t + Qu,tVuts (5'23)

where B)\; denotes the pricing kernel of the profit flow of the firm?
which is denoted by Iy, i.e.

11, = f(ktuhs,tahu,tazt) Z wi,thi,t riky Z QiU ¢t- (5-24)

i=s,u i=s,u
Note that z; describes a shock in technology which is assumed to follow
a stationary stochastic process which is described by the following law
of motion:

Zi41 = W2 + €41, (5.25)

with € ~ i.i.d. N(0,02) and 0 < w < 1.

2 As shown by Langot (1995), the pricing kernel is derived from the dynamic pro
gram of the firm which can be written as

o0

max Fo [Z pth = max Z/ () dxy

kt,vi ¢ —o kt,vi ¢

The pricing kernel of a unit of flow profit at time ¢ contingent to the state x;, is
the price of time 0 profit, ie [ ’J(Z)‘) f(z¢41]z¢)dzs Furthermore, from the firm'’s
optimality conditions on vacancy creation and the household’s envelope condition
with respect to h; ¢, gives the relation between the kernel pricing process and the
Lagrange multiplier of the household’s budget constraint, i e

Pt+1  p A+l

ﬁt - At
See Langot (1995) p 295 f for further details A slightly different approach is
followed by Merz (1995) (cf Merz (1995) p 289) However, the results of Merz
(1995) and Langot (1995) are equivalent if the pricing kernel in equation (5 21),
pt, is replaced by #%A; That means, that the firms employ the household’s in
tertemporal valuation of assets
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Given the firm’s profits as well as the constraints (5.23) and (5.24),

the following Lagrange function of the firm’s problem is derived

keyvie

max EF = Et{ Z Bt |:)\th
=0
Axni(bsgrr (1 s)her  Qsvsyt) (5.26)

+x2,0 (Pt (1 y)huy Qu,tvu,t)]}a

where x1, x2 denote the Lagrange multipliers of the firm’s constraints.

The respective first order conditions read as follows,

fu() =me (5.27)
At

xie= (5.28)
qs,t
At@

Xoo= 0 (5.29)
Gu,t

X1,t :IB{AH—I(fhs,r%l(') Wsp41) X1, ( 1+?/Js)} (5.30)
X2,t :IB{AH-I (fhot+1()  wugt1)  xoppr( 1 +¢u)}- (5.31)

Wage Setting and Inequality

The recent section is closely related to section 3.2 where the bargaining
process was introduced. Again, the wage is negotiated according to
a Nash bargaining® procedure once firms and workers meet in order
to form a productive job. During this process firms and workers are
considered as monopolists earning an economic rent if a job becomes
productive. Therefore, this bargaining scheme allocates the rent surplus

3 This bargaining approach is the standard one proposed by the literature See, for
example, Pissarides (2000), or Cahuc and Zylberberg (2004) A more detailed de
scription of Nash bargaining can be found in Binmore, Rubinstein, and Wolinsky
(1986)
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of a productive job between firms and workers.* For a worker of type
1 who matches to a firm, the value of a job is given by the real wage
wj ¢ less the costs of search and disutility of work. On the other hand,
the firm’s value of a filled job follows from the difference between a
worker’s marginal product, the wages and the firm’s advertising costs.

The net surpluses of the household and the firm are derived by
applying the envelope condition to the firm’s and household’s opti
mization problems, as given by the respective Lagrange functions (see
equations (5.14) and (5.26)).°

The net surplus of the household is given by

Ksii(Sit) (

QZH =w; + Hi(si,t) Uhi,t(ct’ hi,t) + Dit
123

L i pigsig)-

Note that the workers’s surplus consists of the wage rate, the search
costs of the actual and the next period less the disutility of work. The
net surplus of the firm is given by

Q"= i) wiet ().

The Nash bargaining criterion is given by
wy; = argmax (QZH)@ (()F)1 ¢i, (5.32)

where ¢; denotes the bargaining strength of the worker. The wage re

sults as:

Y “Hence a realized job match yields some pure economic rent, which is equal to the
sum of the expected search costs of the firm and the worker Wages need to share
this economic (local monopoly) rent, in addition to compensating each side for its
costs from forming the job 7 See Pissarides (2000) p 15

5 The envelope condition is obtained by the time ¢ derivation with respect to hg ¢
and hy,: of the Lagrange functions (equations (5 14), (5 26))
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+

Wi = @ [fhi(kta sty bty 2t) + Zaiei,t

Uhi,t(')

@ oa |y

ﬁi(si,t)] . (5.33)

As in Merz (1995) the wage results as a weighted sum of the marginal
product of labor net of advertising costs and the disutility of work
corrected for foregone search costs.

The wage spread due to the skill differences between both types of

workers follows as

wp Pn [fhs() +a59h,t] +(1 ¢S)[Uhi() Hss(sh,t)}

wn bs [fhu(') +au0u,t] +(1 ) |:Uh}\() ”vsu(Su,t)} (5.34)

For comparison, if we were to consider a model with a perfect labor
market, as in the previous chapter (see 4.27), wage inequality would be

given by:

AR il R I .39
wy, 1y |Afe hay
Comparing equations (5.34) and (5.35), it is obvious that wage in
equality resulting in the recent model does not depend on the produc
tion technology, external effects of knowledge and the rate of substitu
tion between different skill groups alone. An important determinant of
the pattern of wage inequality is given by the bargaining power of work
ers, ¢;, which governs the percentage of the firm’s surplus distributed
to the workers. Furthermore, as can be seen easily, equations (5.34) and

(5.35) coincide in the case when ¢; converges to 1 and when no costs of
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vacancy creation are assumed. Beside the fact that the worker’s disu
tility of work and his search costs are introduced in the wage equation,
an important factor which determines inequality (as well as the wage

setting) is the worker’s bargaining power ¢;.

5.3 Equilibrium Solution

According to Langot (1995) the symmetric general equilibrium solution
is obtained as follows: first the optimal job search and vacancy creation
behavior are computed, and the wage rate is determined within a Nash
bargaining framework. Second, market clearing conditions in the goods
and capital markets are imposed. However, because the wage is not the
price which clears, for example a Walrasian labor market, the solution
to this problem is not a Pareto optima.% Because of the time consuming
matching process on the labor market, this market is characterized by a
stochastic rationing pattern, i.e. there is a positive probability 1  ¢(6;)
that a hiring firm does not find a worker and a probability 1  6;¢(6;)
that an unemployed worker does not find a vacant job position.” An

equilibrium of this economy is a set of variables

2 = {kt+17 hs,t+17 hu,t+17 Ss,ty Su,ty Ps,ty Pu,ts sty Qu,t, Ms,t;

Mu,t7 Us,ty Uu,ty Us,ty Uu,ty Cty Yt, It7 Tty Ws t, Wy,t, Hh,,teu,h Zty 2t Zt}

which is determined by the household’s and the firm’s Euler equations
as well as the respective resource constraints.

From the first order conditions of households’ maximization prob
lem, given by equations (5.15) (5.20), the following Euler equations are

derived:

6 Cf Langot (1995) p 297
" Cf Pissarides (2000) p 7
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Ue(cis1)
Uc(ct)

ﬁEt{ Un,(hs,t) + A1 (s p41hs i1 + Ks(Ss,04+1))+

BEt{ (L + 741 5)} =1 (5.36)

K'hsy s i) 1
o(Ss.+ )>\t+1(1 s ph,t+1ss,t+1)} (5.37)
Ds,t+1
Khy,s(Ss,6) At _0
Dsit
/BEt{ Uh, (hut) + N1 (0o tp1 hatp1 + Ko (Sue41))+
Hh/u; S b 1
ulsuet )>\t+1(1 hu pu,t+13u,t+1)} (5.38)
Pu,t+1
Kby u(Su,t) At _0
DPu,t

Note that A; denotes the Lagrange multiplier of the household’s opti
mization problem.
By rearranging the first order conditions of the firm’s decision prob

lem given by equations (5.27) (5.31), the following Euler equations are

derived:

i) m=0 (5.39)

At Qs
E . w + 1 =0 5.40
At+1Gs,t B t{th() i QS,t+1( ¢5)} (540)

Aty Uy
o BE fu () waei+ “ (1 )} =00 (541)

t+14u,t Qu,t+1

The equilibrium solution is specified by the household’s and the firm’s
Euler equations (5.36) (5.41), as well as equations (5.1), (5.2), (5.3),
(5.4), (5.5), (5.6), (5.7), (5.8), (5.11), (5.25), (5.33) and the aggregate

resource constraint, which is given by

ct + It + K (Ss,t) + K;u(Su,t) + AsVs t + Ay Uyt = Yt- (542)
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In order to solve and to calibrate the model, we have to specify the
functional forms of the household’s utility function, the functions of
search costs, the production and the matching technologies

1 @ hii"/s hi‘i;”u

c

Ulct, bs,ty hut) = 1t & 1i+v. l4u (5.43)
S u

Ks(8s,t) = Iissit (5.44)

Hu(su,t) = Husit- (5.45)

The aggregate production function was already introduced in chapter

4.3 by equation (4.21):

1
T2

10 =2 (oo he™ + (1 D))+ k)

(5.46)

In order to study the effects of skill augmenting technology shocks, we
rewrite (5.46) to®

1
o9 o

10 = (a(2G5 0% + 0 DEERT) 40 i)
(5.47)
where we assume that the two skill augmenting technology shocks, z;, z;
and the neutral advance in technology, z;, follow uncorrelated station
ary stochastic processes.

The matching technologies are specified by analogy with Merz
(1995) or Pierrard and Sneessens (2003)

Ms,t = Ug,lt(ss,t : Us,t)(1 p1) (5'48)

My, = UZ?t(Su,t . uu,t)(l Pz)’ (5.49)

with p1, ps € [0,1].

& See also equation 4 22
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5.4 Numerical Analysis

5.4.1 Calibration

The calibration is chosen in accordance with the literature. The param
eters of the matching technologies as well as the search costs are chosen
in accordance with Merz (1995) and Pierrard and Sneessens (2003). In
general we assume that a skilled worker has lower search costs than an
low skilled worker and for the firm we assume the opposite case, i.e.
it is more expensive to hire a worker with a university degree than a
worker without such a degree. Although the quarterly job destruction
rate for the German manufacturing sector is reported between® 3 4%,
lower job destruction rates (between 1 and 2 %) are chosen which are
in accordance to German Panel Data estimates as well as the findings
of Ridder and van den Berg (2003). There, aggregate job destruction
rates are reported between 1 2%.The destruction rates used for the
calibration are chosen in accordance to the latter observation.

The levels of employment as well as the unemployment rates of the
different skill groups, 4;, are chosen according to the empirical evidence
as reported by table 2.1, i.e. total unemployment of the respective skill
group follows as: u; = h; - u;. The elasticity of substitution between
both types of labor services, o;, is chosen analogously to Heckman,
Lochner, and Taber (1998), who estimate an elasticity of 1.4. Further
more, we follow their empirical results of an elasticity of substitution
between capital and labor which is close to 1. The external effects of new
technologies are specified in line with the results of Greiner, Rubart,
and Semmler (2004). The values of the worker’s bargaining power ¢;

® This statistic for the manufacturing sector is based on job flow data taken from
the Bundesagentur fiir Arbeit (WZ93/BA)
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are chosen in a way that both firms and work share the surplus of
a productive job equally which coincides, in general, with the results
of a centralized wage bargaining which is often found in continental
European countries. Furthermore, we assume, for simplicity, that the

productivity shocks follow the same autoregressive process.

Table 5.1. Parameter settings

Z,Z «@ 8

025 1 N, 005 010 1 064 099
1) R g ¥ 1z Vs, Vu Kh
0025 1/8 05 05 10 08 0025

Ky ws wu 0'1(0'2) pP1 P2 anp
2xk, 001 00203(01) 07 07 2 X Qy

Ay ¢h ¢)u Eh Eu Wz, Wz,Wz €z,€x,€z

0025 05 05 15 10 095 0 007

As described in chapter 4.4, the steady state of the determinis
tic part of the model is computed numerically by a Newton Raphson
method provided by DYNARE. The obtained impulse response func
tions rely on a first order approximation of the stochastic model around
its steady state.

In advance of the following discussion, only one calibration setup
is considered. Although different calibration setups for U.S. and Euro
pean countries should be discussed, the model results are robust due
to parameter variations. This means that, by varying the following pa
rameters and variables, i.e. the ratio of skilled to unskilled workers,
job creation and destruction rates, which can be seen as the most im

portant differences, no qualitative differences in the results are found.
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Therefore, only one model setup, which is based on empirical evidence
for U.S. and European economies is studied, and compared to the re

spective time series data.
5.4.2 Impulse-Response Analysis

As in chapter 4.4, the effects of unanticipated and asymmetrical tech
nological advances are examined under the assumption of labor mar
ket imperfections due to search and matching frictions.'® Technolog
ical asymmetries arise due to three types of technology, where it is
distinguished between neutral, skill and low skill biased technological
change. The particular focus of the examination lies on the effects tech
nological changes have on the employment pattern of the different skill
groups.

Figure 5.1 below presents the obtained responses of output due to

unanticipated shocks in the three types of technology.

10 The results of a model with symmetric technology shocks are presented in ap
pendix A
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Fig. 5.1. Output responses of asymmetrical technology shocks

It is shown by figure 5.1 that the impulse responses of output of
the model with search frictions exhibit a significant delayed, or hump
shaped pattern. This result is not reproduced by the RBC type model
(see, for example, figure 4.1). The observed pattern is particularly
caused by the fact that an increased number of job openings cannot
be filled immediately, as opposed to a model with perfect labor mar
kets. Secondly, due to the assumed substitution elasticity between both
types of labor and between labor and physical capital, the adjustment
process is delayed, too. In addition, the results presented in figure 5.1
show that the greatest response of output is caused by neutral techno
logical change, rather than skill biased technological progress, as in the

model of the previous chapter.
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As shown by figure 5.2, two types of technology shocks reproduce
a result indicated by the VAR analysis of chapter 2.3.2, i.e. a delayed
response of the relative employment position. This effect is obtained
for neutral and skill biased technology shocks. The adjustment path
of the neutral shock is explained by the greater availability and lower
search costs of low skilled workers. In addition, the general increase in
productivity leads the demand for the group of skilled workers to in
crease faster. For skill and low skill augmenting productivity shocks,
we observe that the first shock leads to the expected pattern explained
by the skill bias, i.e. it leads to a persistent increase in the relative em
ployment position, which is, for example found for U.S. data (see figure
section 2). This effect still holds for firms’ vacancy creating activities,

see also figures 5.3 and 5.4 below.
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Fig. 5.2. Responses of relative employment
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Fig. 5.3. Vacancy creation for skilled workers

As shown by figure 5.3 above, the highest increase of vacancy cre
ation for skilled workers is due to a neutral or symmetrical productivity
shock. As already shown by figure 5.1 the gain from this symmetric pro
ductivity shock, in terms of output (as well as profits), is big enough
to increase the demand for both types of labor. For comparison, asym
metrical advances in productivity do not induce such an increase in
profits which therefore leads to an increase in the creation of one type
of vacancy and job, only. The effect described above still holds for the
response of vacancy creation for low skilled workers (see figure 5.4 be

low).
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Fig. 5.4. Vacancy creation for low skilled workers

As can be seen by the response due to a neutral technology shock
(in comparison to the solid lines of figures 5.3 and 5.4), the vacancy
creation for low skilled jobs exceeds creation for skilled jobs by a factor
of two. This pattern refers amongst others to the lower costs of vacancy
creation, which are half of that for skilled workers. The reaction of the
wage spread due to the asymmetrical technological shocks is presented

in figure 5.5 below.
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Fig. 5.5. Wage inequality

For the model with labor market frictions, we observe that a skill
biased technology shock leads to an immediate increase in the wage
spread. For comparison, the response of the wage spread is about twice
as high as in the model without labor market frictions (see figure 4.3).
Furthermore, an increase in neutral technological change leads to a de
layed increase in the wage spread, which reaches its maximum level
after 20 quarters (five years). An increase in low skill augmenting tech
nical change forces the wage spread, as expected, to respond negatively.
In particular, the delayed and persistent increase of the wage spread
after a neutral technology shock reproduces the empirical response of
the wage spread after an orthogonal shock in labor productivity (see

figures 2.8, to 2.10) found in the data for the U.S. and Germany.
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The employment pattern due to technological advances of low

skilled workers is described by figure 5.6 below.

0,10 1

—neutral
—a— skill augmenting
—a— low skill augmenting

0,08 -
0,06 -
0,04 -

0,02/_\\\\
% Sy,

0,00 T T e g T T AN AN AN AN N R e == mE )

% dev. from steady state

-0,02 -
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Quarters

Fig. 5.6. Responses of low skilled employment

When the behavior of vacancy creation was considered (see figure
5.4 above) the highest increase in employment of low skilled workers
is caused by a neutral productivity shock. Due to the symmetrical ef
fect, this kind of technological advance leads to an overall increase of
the firm’s (expected) profits above the costs of vacancy creation. Fur
thermore, unemployed workers’ valuation of work exceeds the value of
leisure, which induces a greater search efforts. All in all, the resulting
effect is an overall increase in general employment and employment of
low skilled workers. Furthermore, the results of figure 5.6 indicate, in
contrast to the RBC type model, the effect of increasing unemployment

of low skilled workers due to skill biased technological change. In com
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parison to the RBC type model of the previous chapter, in this model
an increase in skill biased technology leads to a rather low response
of low skilled employment; in particular, the response turns slightly
negative after two years.

Besides the response of the variables to technological advances, in
the next step the question is raised whether the model is able to re
produce correlations at business cycle frequencies. The obtained results

from the model’s simulation are reported in table 5.2 below.

Table 5.2. Business cycle properties of the model with search frictions

Relative Correlation of Simulated Variables

Volatility y ¢ 1 ns Ny Ne/ne Ws Wy Ws/wy

y 100078090 080 081 007 099 099 030

049 100018 004003 005 068 065 030

i 077 100 096 098 006 083 085 019

ne 005 100095 007 071 069 028

n, 005 100 016 072 077 001

ne/n. 019 100 003 013 063
w, 007 100 097 042

w, 006 100 019
ws/w, 001 100

In the case of the U.S. the model reproduces a positive correlation
between output and skilled workers and the respective wages. However,
the magnitudes of the obtained coefficients are too high in comparison
to the data. Furthermore, we obtain a positive correlation between
output and wage inequality and a negative one between output and

relative employment. Both correlation are neither found for German or



54 Numerical Analysis 119

U.S. time series. All in all, the ability of the model to reproduce some
facts of the business cycle is mixed.

However, when one concentrates on dynamic correlations, as pre
sented in table 5.3 below, one observes that the search model is able
to reproduce the correlation of the wage spread and, in particular, the
correlation between output and relative employment found for the Ger

man data.

Table 5.3. Dynamic correlations

Wage inequality
t 1 t t+1t+2t4+4

US 014 004 009 020 023
Germany 029 022 005 017 041
RBC 086 089 081 074 066
Search 028 030 031 031 030

Lindquist (2004)

Us

Germany

RBC

Search
Lindquist (2004)

007 006 007 / 018

Relative employment
t 1 t t+1t+2t+4
029 023 013 001 022
007013 016 014 006
091 095 088 081 068
011 007 006 010 008
019 010 003 / 019

As reported in table 5.3, wage inequality and relative employment
display a significant delayed pattern. This means the correlation co
efficients in turn follow the business cycle, which can be seen by the
increase in the correlation coefficients. For wage inequality they turn
positive after one and two quarters, respectively. This delayed pattern is

observed for Germany only where the coefficients increase up to period
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t+3. Although the search model does not reproduce the negative corre
lation of the wage spread, the output inequality correlation at periods
t+2 up to t+4 is matched quite well for both countries. By comparing
the empirical correlations of relative employment with their simulated
counterparts, one has to state that the search model replicates the find
ings for the German economy quite well. Whereas the findings of the
U.S. are not replicated by both models. In the latter case, the model
by Lindquist (2004), which assumes capital skill complementarity, pro
vides a better reproduction of the U.S. data.

5.5 Discussion

The recent chapter presented a baseline stochastic dynamic general
equilibrium model with labor market frictions and asymmetric techno
logical change. In comparison to the RBC type model of the previous
chapter, a framework was developed in which it is possible to discuss
the effects of technological advances on the employment pattern of dif
ferent skill groups under the existence of equilibrium unemployment
and an important labor market institution: wage bargaining.

In particular we have shown that neutral technological advances
lead to the most positive response of economic activity as well as of
job creation and employment. In particular, within this framework are
able to reproduce the empirical finding (see e.g. Puhani (2005)) that
skill biased technology shocks lead to an increase in low skilled unem
ployment (see figure 5.6), a result that could not be reproduced by the
RBC type model with the assumption of perfect labor markets (see
chapter 4.4, figure 4.4).
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Although the capability of the analyzed model to reproduce busi
ness cycle facts has to be improved, we are able to derive important
insights concerning the transmission process of the effects of techno
logical change on employment and wages. This means that, within the
recent framework, the creation of jobs and the pattern of employment
which are derived from the agent’s optimization problems were able to
be studied. In addition, because of the labor market frictions, delayed or
hump shaped responses of important variables, such as output, wage
inequality, and relative employment, were derived. The latter results
provide, furthermore, an explanation of the empirical facts. Because
of the costly and time consuming process of creating productive jobs,
output and employment are not able to adjust immediately after the
occurrence of technological advances. In comparison, such results were
not found in the baseline general equilibrium framework without mar
ket frictions of chapter 4.

In addition, the recent model version is still characterized by a rather
flexible wage setting mechanism; for example, employees are allowed to
negotiate a new wage every period. However, continental European
labor markets are characterized by rather rigid wage structure. In ad
dition, institutions such as employment protection mechanisms, which
also characterize central European labor markets, are not taken into
account. Therefore, the framework developed in this chapter will be
used to discus the effects of asymmetric technology shocks under wage

rigidities and labor market institutions in the following chapter.
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Extensions

It is probably fair to say that the
representative agent abstraction is
viewed with suspicion by many labor
economists After all, heterogeneity
has been an essential element of
much of their work, and they find
it necessary to include both observed
and wunobserved heterogeneity in
their models in order to explain the

observations
(F' Kydland (1984))

6.1 Labor Market Policies

In the preceding chapter, the effects of skill biased technology change
on the employment pattern of different groups of workers have been
discussed within a dynamic general equilibrium framework under the
assumption of search and matching frictions on the labor market. How
ever, the latter framework shows some deficiencies which hamper a
discussion of the effects of labor market policies and labor market in
stitutions. Therefore, in this chapter the model discussed in chapter 5
is extended by two important labor market policies: minimum wages
for low skilled workers and employment protection mechanisms. In par
ticular, the assumption of minimum wage rules allows us to counsider
another kind of wage rigidity. As we will show below this wage rule leads
to a rigidity of relative wages which prevents the adjustment of the em
ployment of different groups of workers. Within these frameworks we

study and discuss the effects of technological change on employment
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and wages of different types of workers. Furthermore, we analyze the
question of whether the above mentioned policies affect the long run
equilibrium of the economy.

A survey of the analysis of rigid wages is based on the findings of
Shimer (2004), Hall (2003, 2005b) as well as Pierrard and Sneessens
(2003, 2004) who show that wage rules which keeps wages from falling
below a certain amount improve the performance of a search and match
ing framework to account for key facts of the business cycle. However,
the studies cited above assume (except Pierrard and Sneessens (2003,
2004)) a wage rigidity that keeps wages fixed for several periods of time.
As mentioned above, when minimum wages are considered, we either
can assume that wages are prevented to fall below a certain threshold
of, if different groups of workers are considered, that the wage distri
bution is compressed. In this thesis we follow the latter approach and
assume a fixed wage distribution. In particular, this assumption ac
counts for the observation of rather fixed wages at the lower tail of
the wage distribution, i.e. for the wages earned by low skilled workers.
In addition, this assumption accounts for the small increase in wage
inequality in continental European countries (see table 2.1). Further
more, the assumption of a minimum wage rule for low skilled worker
accounts for possible effects of policies demanded by some political par
ties in continental Europe who want to introduce “fair” wage setting
mechanisms in order to reduce income inequality.

Employment protection mechanisms are already introduced in sec
tion 2.2 of this thesis. In general, such mechanisms can be introduced
by assuming firing costs which influence the decisions of the firms when

closing a job. This extension is primary based on the work by Saint
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Paul (1996), Kohns (2000) and Delacroix (2003). That employment
protection legislation might influence the relative employment ratio was
already described figure 2.6. There, it was shown that higher employ
ment protection is related with a higher relative employment ratio. In
order to model employment protection mechanisms, we assume that
firms have to pay a “firing tax” to the government when they attempt
to eliminate a job. Then, the government pays a lump sum transfer to
unemployed workers. This transfer payment can be interpreted as an
additional unemployment benefit which increases the worker’s outside

option and possibly prevents workers to search for a new job.

6.2 Employment Effects of Minimum Wages

As mentioned above, the importance of wage stickiness on employment
fluctuations is described in recent studies by Hall (2003, 2005a,b). How
ever, most studies concentrate almost exclusively on homogeneous labor
and on sticky wages in the time dimension, i.e. there it is assumed that
wages are fixed for several periods of time. Therefore, the assumption
of minimum wage rules offers another perspective on wage stickiness.
In particular, due to the collective bargaining mechanisms and the high
bargaining coverage in continental European countries (see, for exam
ple, tables 2.1 and 2.3) the rigidity of relative wages is obvious.

By following the approaches of Pierrard and Sneessens (2003, 2004)
we introduce a wage indexation scheme into the model. This means
that wages for low skilled workers are set as a constant fraction of the
skilled workers’ wage.

As already mentioned, the analysis of minimum wages is based on

the model outlined in chapters 5.2 and 5.3 in which the wage equation
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(5.33) for low skilled workers is replaced by the following condition:
Wy, = OWs, (6.1)

i.e. the wages paid to low skilled workers are determined as a given
fraction, p € [0,1] of wages bargained by skilled workers. The calibra

tion and parameter setting of the model is analogous to chapter 5.4.1
Concerning the wages of low skilled workers, we assume p = 0.4, i.e. low
skilled workers earn 40% of the wage of skilled workers. This measure
coincides with the actual German unemployment insurance payments
as reported in table 2.4. Unfortunately, when calibrating the job de

struction rates in accordance with the empirical facts, the solution of
the model yields imaginary eigenvalues which lead to overshooting and
cyclical reactions of the obtained impulse response functions. By as

suming higher, but unrealistic, job destruction rates, i.e. ¥; = 0.01,

tpy = 0.04, we can avoid this problem.?

! See table 5 1 for the parameter settings

2 The weighted average of the calibrated job destruction rate is 0 034, about twice
as high than reported for the U S and three times higher as reported for Germany
(see Ridder and van den Berg (2003))
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Fig. 6.1. Low skilled employment after skill biased technology shock

As, for example, described by Puhani (2005), skill biased technology
shocks account significantly for the rise in the observed unemployment
pattern of German economy during the 1990’s. In referring to the re
sults of chapter 5.4, a more standard model is incapable of reproducing
a persistent decline in low skilled employment. However, under the as
sumption of rigid relative wages, a skill biased technology shock reduces
the response of the demand for low skilled workers by factor five (solid
line, figure 6.1, above). In addition, there is no truly positive impact on
the demand for low skilled labor, whereas under the assumption of flex
ible wage bargaining schemes a small positive increase in the demand
for low skilled labor persists for two and a half years.

Complementary to the results shown in figure 6.1, a skill biased

technology shock leads to a persistent increase in relative employment
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(figure 6.2, triangles).
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Fig. 6.2. Relative employment after skill biased shock

In any case, the employment position of low skilled workers worsen
when rigid relative wages are taken into account. This can also be seen
by the effects of a neutral and low skill augmenting productivity shock

(figure 6.3).



6 2 Employment Effects of Minimum Wages 129

0,12 q

low skill augm. (flex)
—&—Jow skill augm. (minw)

= neutral (flex)
—&—neutral (minw)

% dev. from steady state

-0,04 -
1 3 5 7 9 11 138 15 17 19 21 23 25 27 29 31 33 35 37 39

Quarters

Fig. 6.3. Low skilled employment, neutral and low skill augmenting technol
ogy shock

In line with the basic search model, the highest increase in labor de
mand for low skilled workers is caused by a neutral productivity shock
which leads to an overall increase in labor productivity. By introducing
minimum wages, the persistence of this positive effect is reduced for
about 10 quarters (2.5 years) in comparison to the basic search model.
Concerning the persistency of an increase in low skill biased technology,

no significant difference to the basic search model is found.
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Table 6.1. Business cycle properties of the model

~.

hs

Ws

Wy

In comparison to the previous models, the obtained time ¢ correla
tions can partly be improved, yet the empirical correlations concern
ing wages and employment are not replicated. However, the observed

volatility of wages coincides with the empirical findings for the German

data.

Although the introduction of minimum wages increases the magni
tude of the correlation between relative employment and output, the
delayed structure, i.e. an increase in the observed correlation over time,
still holds. The increased magnitude of the obtained correlation coeffi

cients is explained by the higher correlation between output and em
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Table 6.2. Dynamic correlations

Relative employment
t 1 t t+1t+2t+4

Us 029 023 013 001 022
Germany 007013 016 014 006
RBC 091 095 088 081 068

Search (flex wages) 011 007 006 010 008
Search (min wages) 046 051 062 065 061

In addition to the question of whether the model is able to replicate
the business cycle properties of the data, it is important to know if
rigid relative wages influence the economy in the long run. This will
be done by analyzing whether the steady state levels of employment
are determined by policy or technological parameters. In section 6.6 we
show that the steady state employment level of low skilled workers is
rather invariant with respect to changes in the elasticity of substitution
between both types of workers (figure 6.18). However, as the ratio of
the minimum wage rule increases, the employment level of low skilled
workers decreases significantly. On the other hand, the employment
level of skilled workers is rather invariant over a broad range of pa
rameter values. However, if the minimum wage rule exceeds a certain
threshold (o ~70%), a significant decline in the employment level of
skilled workers is observed which leads further, due to income losses, a

decrease in household’s welfare.
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6.3 Employment Protection Legislation

As already mentioned, labor market institutions are, in general, not
characterized by the wage setting mechanism alone. Important institu

tional arrangements concern employment legislation and benefit pay

ments such as unemployment insurance or assistance. In general, em

ployment legislating policies concern employment protection policies
such as dismissal protection. In order to analyze the effects of such
policies we can introduce firing costs into the model. In general, firing
costs can be classified into severance payments and firing taxes. Sever

ance payments can be seen as a transfer from the firms to the workers
and depend proportionally on the wage. Because severance payments
are determined in an efficient contract or bargaining process, they influ

ence equilibrium wages but not equilibrium unemployment.? Therefore,
by following Delacroix (2003) the subsequent analysis concentrates on
firing taxes only. The main difference to the model of chapter 5 is, that
when firms attempt to eliminate a job, they have to pay an amount of
b per eliminated job to an agency which distributes the total amount
between unemployed workers of both types. This leads on the one hand
to a reduced job creation for low skilled workers because of the lower
productivity and, on the other hand, to an increased reservation wage
which hinders job search activities.

Based on Bentolila and Bertola (1990) Hopenhayn and Rogerson
(1993), Saint Paul (1996), Kohns (2000, 2002) and Delacroix (2003),
we extend the model of the previous chapter by introducing firing costs
and a simple government rule of unemployment assistance payments. In
addition, the structure of unemployment assistance refers to Burda and

3 Cf Delacroix (2003) p 651
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Weder (2002). As in the previous section, we focus on the effects of firing
costs on employment and wages of the respective skill group under the
presence of different types of technological progress. Furthermore, the
impact of this kind of labor market policy on the long run equilibrium

of this model economy is examined.
6.3.1 A Revision of the Household’s and the Firm’s Problem

As in the previous chapters, we assume a representative household with
a large number of inhabitants which is normalized to one. The house
hold chooses consumption, ¢;, and the search intensities, s; ;,% = s, u of
the respective skill group in order to maximize the present discounted
value of its life time utility. Households receive income from lending
capital to firms at the interest rate r; and from having a fraction of
both types of its members n;; work at the respective wage rates w; ;.

The household’s maximization problem reads as follows:

o
Uy = max ; BU (ct, hsty hut) (6.2)
subject to
¢+ Iy +Z ki(sit)(1 hig) = Z wj thig +

1=$,u 1=8,U
S hig) + ik (6.3)

1=8,U
ki1 = (1 5)kt + I (64)

hs,t+1 = (1 Q/JS)hs,t +ps,t35,t(1 hs,t) (6-5)
hu,t+1 = (1 ¢u)hu,t +pu,t3u,t(1 hu,t)a (6'6)
where the expression 7;(1  h;;) denotes the benefits obtained from an

unemployed type i worker. From equations (6.2) (6.6), the Lagrange

function follows as
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ma £ —E{Zﬂ (Ut s )
+>\t<z wzthzt+z hit) + rike

ZSU ZSU

a I Y mi(si)(1 hi,t)) (6.7)

1=8,U

+§1,t(hs,t+1 (1 "/’s)hs,t ps,tss,t(l hs,t))

+§2,t (hu,t—l—l (1 "/’u)hu,t pu,tsu,t(l hu,t)):| }a

from which the following first order conditions are derived

Ue(-) = Mt (6.8)
Kse,s(8s,) At = &1,tPs 1t (6.9)
By u(Sut) A\t = §2,tPut (6.10)

A = BEt{AtH(l + T 5)} (6.11)
§1t = BEt{Uhs(') Aer1 (Wspp1 TH + Ks(85041)
e (1 ) ps,t+155,t+1)} (6.12)
§o0 = ﬁEt{Uhu(') Aett (w1 T+ Ku(sur1)
+&a11 (L %u)  Pugt15uit1) } (6.13)

The firm’s problem, which is described already by equations (5.21)
(5.24), is modified as follows. The firm’s profits are defined as

= f() Z withie Tk Z Tif¢ihi,t Z aivig, (6.14)

1=$,u 1=8,U 1=8,U

where ). zplh” denote the sum of firing costs the firm is faced

ZSUZ

with when eliminating a job. As in chapter 5.2, the firm has to solve

the following optimization problem:
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ax E, U\, 6.15
I]g,’u}t( tgﬂ tdlt ( )
subject to
hsiv1 = (1 bp)hss + qnivny (6.16)
hs,t+1 = (1 z;bu)hu,t + Qu,tVuy,t- (617)

The Lagrangean function of the above problem reads as follows,

o0
EF:E{ t[AH
z?ﬁixt t ;5 t4lt

X1 (hs,t+1 (1 ws)hs,t QS,tUs,t) (618)

+X2,t (hu,t+1 (1 z;bu)hu,t QU,tUu,t)] }

The respective first order conditions follow as,

fe() =m (6.19)
X1, = ZL: (6.20)
Xa,4 = Z’f: (6.21)
X1,t = ﬂEt{AtH(fhs,tH(') Wy 1 TIPs)

xte+1( 1+ ¢s)} (6.22)
X2,t = IBEt{)\t+1(fhu,t+1(') Wyl T u)
x241( 1+ "/’u)}- (6.23)

Furthermore, it is assumed that the total amount of the firing tax is
equal to the amount of unemployment benefits, i.e. we assume a simple
budget equation for the social security system:

S rlihig =" w1 hay). (6.24)

1=8,U 1=8,u
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Wages are set according to a Nash bargaining rule. In accordance to
chapter 5.2 (see (5.33)), the bargained wage of a type ¢ worker is given
by

Wi = ¢ [fhi(') + > aibiy Tifi/)z']

1=8,U
uhi,t(')

e[y

Ki(Sit) + Tih] . (6.25)

Please note that the modified wage equation differs from the basic one
in two aspects. First, the firing costs reduce the worker’s surplus by
TZ-f 1;, but the benefit payments increase the worker’s reservation wage

by Tih.
6.3.2 Equilibrium Solution

In accordance with chapter 5.3, an equilibrium of this economy is a set

of variables

2 = {kig1, Bs 1, Pt 15 S5t Susts Dstr Pust D, Quyts Mt

Mu,t7 Us,ty Uu,ty Us,ty Uu,ty Cty Yt, It7 Tty Ws t, Wy,t, Hh,,teu,h Zty 2t Zt}

which is determined by the household’s and the firm’s Euler equations
as well as the respective resource constraints.

From the first order conditions of households’ maximization prob
lem, given by equations (6.8) (6.13), the following Euler equations are

derived
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BEt{ U(CC(’Z;)(1+TH1 5)}:1 (6.26)

,BEt{ Un, (hsg) + M1 (s g1 70+ kis(55,001))+

Khs,s(Ss,t+1
sS04 )>\t+1(1 s Ph,t+1ss,t+1)}

Ds,t+1
s A
FrasSsdM _ o 6.97)
Dsit
BEt{ Uhu (hu,t) + )\t—|—1(wu,t+1 TZLL + Hu(3u7t+1))+
K S
R su( ut+1))\t+1(1 (M Pu,t+15u,t+1)}
Pu,t+1
u A
Fohy u(Su,t) At =0. (6.28)

Pu,t
Note that A; denotes the Lagrange multiplier of the household’s opti
mization problem.
By rearranging the first order conditions of the firm’s decision prob

lem given by equations (6.19) (6.23), the following Euler equations are

derived
fe() =0 (6.29)
At
E : s f
pany P t{fhs() werr1 T
q5t+1 } ( )
)\tau
E Wy, 7'1{
P { ) v
+ zpu)}zo. (6.31)
Qu,t+1

The equilibrium solution is specified by the household’s and the firm’s
Euler equations (6.26) (6.31), as well as equations (5.1), (5.2), (5.3),
(5.4), (5.5), (5.6), (5.7), (5.8), (5.11), (5.47), (5.25), (6.25) and the

aggregate resource constraint, which is given by

ct + It + ks (Ss,t) + Hu(su,t) + AsVst + Ay Uyt = Yi- (6'32)
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Furthermore the budget rule of the benefit payments (6.24) has to be

considered.
6.3.3 Calibration

The calibration and simulation of the model are analogous to the model
discussed in chapter 5.4 Because of the non availability of proper data
on firing costs, particular firing taxes, the following calibration of firing

costs is assumed:

Table 6.3. Calibration of firing costs

Scenario

As described in table 6.3, three different scenarios of this firing tax
are assumed. Scenarios I and /I relate the level of the firing costs to the
advertising costs of the firm; furthermore, it is assumed that the firing
costs are equal for both types of workers. The difference between both
scenarios is that in the second one, the firing cost exceeds the costs of
hiring a skilled worker. The third scenario relates the firing costs to the
wages, i.e. it is assumed that the firing cost is half of earned wages.

As mentioned above, the total sum of firing taxes are distributed as
a lump sum transfer to the workers. For simplicity, we assume that the
amount of transfer payments is distributed equally across unemployed

4 See table 5 1
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1
(1 hsy) = g X > i iy

1=8,U

and (6.33)

1
To(l hyy) = g X > i pihig.

1=8,U

As in the previous section, the analysis concentrates on the variables,

output, relative employment and wages as well as on the employment

pattern of low skilled workers. Figure 6.4 shows the responses of output

of different technology shocks and, furthermore, under the additional

assumption of firing costs.
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Fig. 6.4. Output response under firing costs

Because scenarios I and II, in which firing costs are related to the

advertising costs of the firms, do not lead to different results (in com

parison to the baseline search model) we concentrate on scenario III,
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only. There, similar to the results of section 5.4, the output response
to the technology shocks is hump shaped as found in the data, and,
furthermore, the variation of the firing costs leads to slight quantita
tive changes in the obtained impulse responses only. In addition, the
obtained results are close to the model studied in chapter 5. For the
relative employment position as well as the wage spread the following

results are obtained.
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Fig. 6.5. Relative employment and firing costs
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Fig. 6.6. Wage inequality and firing costs

As shown by figures 6.5 and 6.6 above, no qualitative differences
to the general search model of the previous chapter are obtained. This
effect arises because firing costs and benefit payments are incorporated
into the household’s and firm’s decision problems, and furthermore, do
not influence the wage adjustment process. That means that wages for
both types of workers can adjust flexibly after the economy is hit by
a technology shock. The comparison of the different scenarios in the

employment pattern of low skilled workers yields an interesting result.
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Fig. 6.7. Low skilled employment

Figure 6.7 above shows, that a higher firing cost increases employ
ment of low skilled workers, or, vice versa, reduces the destruction of
low skilled jobs. However, this rather positive effect holds for about two
quarters only, i.e. a significant increase in the employment status of low
skilled workers cannot be obtained by increasing job protection due to
firing costs. As shown by the obtained impulse response functions of the
present model framework, firing costs do not have a negative impact
on the employment status of this economy. The adjustment pattern is
almost equivalent to the baseline model with search frictions discussed
in chapter 5. In addition the recent approach replicates results obtained
by Bentolila and Bertola (1990) who state, that [ [ firing costs do not

have large effects on hiring decisions, nor do high firing costs reduce
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the average level of employment [ ] (cf. Bentolila and Bertola (1990)
p. 382).

The business cycle properties of the model are reported below.

Table 6.4. Business cycle properties of the model with firing costs

Relative Correlation of Simulated Variables

Volatility y c i Ms Ny NNy Ws Wy Ws/Wy

y 100063088 075 079 009 099 099 029

049 100018 002006 001 068 067 028

i 078 100 096 098 009 083 085 019

hs 005 100095 005 071 069 030

hu 006 100 018 071 069 030

hs/hy 001 100 003 013 063
ws 007 100 097 042

w, 006 100 018
we/wy 001 100

In comparison to the model without firing costs, the recent frame
work does not improve the model’s ability to account for business cycle
evidences. Furthermore, the observed volatility of wages and employ
ment are too low in comparison to the empirical findings reported in
table 4.2.

As in the previous chapter, one has to ask whether firing taxes af
fect the long run equilibrium of this model economy. Figure 6.20 below
shows the effects of various dismissal protection policies on the equilib
rium employment level of low skilled workers. As was to be expected
from the impulse response analysis, firing taxes or dismissal protec
tion policies have no or rather minor effects on the equilibrium level of

employment. However, in this economy the level of employment is de
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termined by technological aspects such the elasticity of substitution be
tween both types of workers, o;. In particular, if oy increases, i.e. both
types of workers become substitutes, the employment level of skilled

workers decreases and vice versa.

6.4 Employment Protection and Minimum Wages

In this section we examine a combination of both approaches described
in this chapter, i.e. we combine the model with firing costs (as outlined
in section 6.3) with a minimum wage rule for low skilled workers. For
the calibration, we choose the following setup. The wages for low skilled
workers are set as w, = ows with o = 0.4 and the firing costs are

assumed as 50% of the respective wage rate, i.e. Tsf = ! x w, and

2
= 5 X Wy
As can be seen by the obtained impulse response functions, the joint
consideration of minimum wage rules and firing costs does not signifi
cantly change the results, in comparison to the model with minimum
wages (see figures 6.1 6.3). However, the magnitude of the response of

relative employment changes significantly in favor of the relative em

ployment position of skilled workers (see figures 6.2 and 6.5).
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Fig. 6.8. Relative employment under firing costs and minimum wages

As shown by figure 6.9 below, the negative response of low skilled
employment is mostly driven by the inflexible wage adjustment of this
group of workers. It is obvious that the magnitude and the behavior
of the impulse response of a skill biased technology shown under firing
costs alone (line with squares) shows a significant different behavior

than the responses under the assumption of minimum wages.
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Fig. 6.9. Low skilled employment under firing costs and minimum wages

Table 6.5. Properties of the model with firing costs and minimum wages

Relative Correlation of Simulated Variables
Volatility y ¢ i  hs hy hs/hy ws

y 100059088 064 031 079 077

048 100018 022 055 062 067

i 079 100092 072 060 082

hs 005 100 089 047 058

Iy 003 100 012 021

hs/hy 002 100 082
Ws 010 100

Although the simulated correlations reported in table 6.5 above im

prove some results, the overall reproduction of business cycle facts is
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rather low. The main improvement is found for employment and wages.
In comparison to the other models, the correlation coefficients are sig
nificantly lower than the ones reported in tables 4.3 6.1. In particular,
under the further assumption of rigid relative wages we observe a pos
itive correlation between output and relative employment. In addition
the volatility of the wages of skilled workers is in line with the empirical

findings for Germany (see table 4.2).

Table 6.6. A comparison of dynamic correlations

Relative employment
t 1 t t+1t+2t+4

US 029 023 013 001 022
Germany 007 013 016 014 006
RBC 091 095 088 081 068
Search (flex wages) 011 007 006 010 008
Search (min wages) 046 051 062 065 061
Search (min wages+ firing costs) 075 079 088 087 080
Lindquist (2004) 019 010 003 / 019

Again, although the correlation coefficients are overstated by the
search model with firing costs and minimum wages, the delayed struc
ture which is found for the German data is reproduced by the model.
After comparing the correlation of the variables one has to conclude
that the “simple” search model with heterogeneous labor generates the
best fit of the empirical results found for the German data. On the other
hand, the model by Lindquist (2004), in which a model with capital
skill complementarity is assumed, provides a sufficient explanation of
the U.S. data. However, a RBC type model with skill biased technology

shocks fails to provide a reasonable explanation of the data.
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6.5 Sensitivity Analysis

Whether perfect labor markets are assumed, no negative response of
the employment status of low skilled workers are obtained. The status
of low skilled workers worsen, if labor market frictions are taken into
account. In particular, rather no positive effect of an increase in pro

ductivity is found when wages for low skilled workers are indexed to
the skilled workers wage. By comparing the U.S. and Europe, the latter
assumption seems, unfortunately, to hold. Up to now, the examinations
concentrate of specific calibrations of the models. However, a character

ization how minimum wages and firing costs affect the decisions of the
economic agents is still missing. The impacts of minimum wages and
firing costs on the decisions of the individuals can be examined by a
sensitivity analysis in which we compare the obtained impulse response
functions based on different parameter assumptions.

It becomes obvious that firing taxes have only low impacts on the va
cancy creating and job search activities because the obtained impulse
responses do not differ significantly. Therefore, the employment of low
skilled workers does not change. Figures 6.10 6.13 below show the
obtained impulse response functions of a skill biased technology shock
with respect to different calibrations of the firing tax.

As can be seen from figure 6.10 an increase in the firing tax up to

90% of the worker’s wage only a slight decline in the employment po
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sition of low skilled workers is obtained.
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Fig. 6.10. Sensitivity analysis, employment h,,

The low impact of firing taxes on the employment position of low
skilled workers is explained by the finding that job search and vacancy

creating activities do not change significantly if the firing tax increases.



150 6 Extensions

SSS—s e
NSSSSssss—————saas
===

SSSSSS
.S

SSSSSSSSSNSSN.

-4

% dev. from steady state

40

Firing Tax 0.8 2 25 30 35

Quarters

Fig. 6.11. Sensitivity analysis, search intensity s,,

0.25

0.2

0.1

0.05

% dev. from steady state

S5
L S oSasae
B S S SSo S
T
N T S ey
T T

== S
s T SSSSSoSSeeY
02 EESSEEEESSSS—SSSS
BEEaausssSSSE
P eaSSIS=SSS
06 \‘t:i‘g\\\“ s 40
NN

Firing Tax

L) 5 Quarters

Fig. 6.12. Sensitivity analysis, vacancy creation v,



6 5 Sensitivity Analysis 151

% dev. from steady state

—
ST SOUS S

EERSOOSS
oS Sos s
e

S
S S S OSSO S SOS ST S SIS S SOOI S SSOUN SIS
TS TSNS

Firing Tax 40

Quarters

Fig. 6.13. Sensitivity analysis, job matches M,

On the other hand, an increase in the minimum wage rate has signif
icant effects on vacancy creating and job search activities. In a regime
with rather low minimum wages, a skill biased technology shock leads
to an immediate, positive and persistent increase in job vacancies. Be
cause the option value of becoming employed exceeds the gains from
leisure (unemployment), low skilled workers increase their job search
activities. Both effects result in positive responses of job matches and
employment. However, if the ratio of minimum wages exceeds 0.55 (0.6),
vacancy creation declines rapidly.® In addition, because of the decline
in the expected gain from becoming employed, low skilled workers re
duce their job search activities. This results in lower job matches and
lower employment. By increasing the minimum wage rate to a value of
0.8 firms do not offer vacancies for low skilled workers anymore. Then,

® Note that the implied (and reported) minimum wage rate for Germany is about
06 (see tables 2 3 and 2 4)
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although job search activities of the workers increase because of the
high minimum wage which is earned by the worker when he becomes
employed, no positive response of employment and job matches is ob
served.

The sensitivity analysis shows that the positive effect of minimum
wages, i.e. the increased job search activity of low skilled workers, is
negated by the significant reduction in vacancy creation. Figures 6.14

6.17 below show the obtained impulse response functions of a skill
biased technology shock with respect to different calibrations of the

minimum wage rate.

% dev. from steady state

Ratio of Minimum Wages Quarters

Fig. 6.14. Sensitivity analysis, employment h,,
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Fig. 6.17. Sensitivity analysis, job matches M,

6.6 Long Run Policy Effects

The preceding analysis concentrated on the time perspective of the
transmission process of technological advances under certain labor mar
ket policies. However, the question if labor market policies affect the
long run employment or the welfare of the economy is still open. There
fore, the steady state levels of employment and welfare are computed
for a broad range of parameters. Furthermore, by defining a welfare
function of the economy’s agents the welfare effects of labor market
policies are examined.

At first, we analyze whether the steady state level of a certain vari
able is determined by technological or policy parameters. Therefore,
we study the effects of varying an important parameter of the produc
tion technology, i.e. the elasticity of substitution between both types

of workers, and the policy parameter. Figure 6.18 below shows that
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the steady state employment level of low skilled workers of the mini
mum wage model. It is obvious that the employment level of low skilled
workers is rather invariant with respect to changes in the elasticity of
substitution between both types of workers. However, as the ratio of
the minimum wage rule increases the employment level of low skilled

workers decreases significantly.

Steady State Employment, Low Skilled Workers, hu

Ratio of Minimum Wages

Fig. 6.18. Employment effects of wage policies for low skilled workers

On the other hand, the employment level of skilled workers is rather

invariant over a broad range of parameter values. However, whether the
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minimum wage rule exceeds a certain threshold (o = 70 %) a significant

decline of the employment level of skilled workers is observed, too.
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Fig. 6.19. Employment effects of wage policies for skilled workers

By comparing the results to the model with employment protection
mechanisms, it becomes obvious that firing taxes have no impact on

the steady state employment level (see figure 6.20, below).



6 6 Long Run Policy Effects 157

25

245

24

Low Skilled Employment

Firing Tax

Substitution
Parameter 0o 0

Fig. 6.20. Employment effects of firing taxes for low skilled workers

In particular the observation of the significant decline of the employ
ment level of skilled workers in the minimum wage model (figure 6.19)
leads to the conclusion that the income losses of the household might
lead to a decline of the household’s welfare. By defining the household’s

welfare at time ¢ by the following function:
¥ =Ulct, hsty hug) + BU(ctr1, bs g1, buiy), (6.34)

where U(-) refers to the household’s preferences as defined by equation
(4.20). As shown by figure 6.21 the higher the rate of minimum wages
the higher is the welfare loss of this economy. In particular, a significant
decline is observed if the ratio of minimum wages exceeds 80% of the
skilled worker’s wage. Furthermore, as shown by figure 6.21, the higher
the degree both types of workers become substitutes the higher is the
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long run welfare gain of the economy. This can be seen by the increasing

welfare level when the substitution parameter, o1, increases.

Welfare

Ratio of Mininum Wage &F

Fig. 6.21. Welfare effects of minimum wage rules

Beside the impacts of biased technology shocks on the employment
pattern of the respective type of workers, the examination of the steady
states shows that the long run equilibrium of this economy is not in
variant to policy measures. The comparison of the long run effects of
minimum wages and firing taxes shows that the steady state is rather
invariant to changes in the amount of firing taxes. (figure 6.22). The
analysis of the long run effects of labor market policies shows that rel
ative wage rigidities, in particular if they are too high, do not affect
the short run dynamics alone. As shown by the welfare comparison of
the different labor market policies (see figure 6.22 and 6.23) too high

wage rigidities induce significant welfare losses.
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Fig. 6.22. Welfare effects of minimum wage rules and firing taxes

Another measure of welfare losses is given by the change of steady

state output due to variations of the policy parameters (figure 6.23).
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Fig. 6.23. Comparison of steady state output
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Neglecting the level differences in steady state output, a significant
and sharp reduction of steady state income is observed if the rate of
minimum wages increases. This effect is particularly driven by the de

cline in employment of both skilled and unskilled workers.

6.7 Discussion

The analysis in this chapter has shown that labor market frictions and
wage rigidities are important determinants for explaining the observed
pattern of high unemployment of low skilled workers during the last
two decades. In particular, it has been shown, especially if we return
to figures 6.1, 6.2, and 6.8, how the introduction of rigid wages for
low skilled workers affected the employment record for these types of
workers.

Furthermore, the introduction of employment protection mecha
nisms due to firing costs does not lead to a persistent increase in unem
ployment. In addition, the results show that firing taxes increase the
job duration for about 2 quarters. However, the results do not differ
significantly from the baseline search model. The worst effects on the
employment record of low skilled workers is found if minimum wage
rules are considered. A summary of the different effects of skill biased
technology shocks on the employment pattern of low skilled workers is

shown in figure 6.24 below.
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Fig. 6.24. Low skilled employment: A comparison

If perfect labor markets are assumed, no negative response of the
employment status of low skilled workers is obtained. The status of
low skilled workers worsens if labor market frictions are considered. In
particular, no positive effect of an increase in productivity is found if
wages for low skilled workers are indexed to the skilled worker’s wage.
A comparison of the U.S. and Europe shows that the latter assump
tion unfortunately seems to hold. Furthermore, the results of chapter
6.5 could give a detailed explanation of the decline in employment of
low skilled workers. This effect is particularly explained by the sharp
decrease in job vacancies for low skilled workers (figure 6.16). Although
job search activities of low skilled workers are high, a searching worker

does not find a job.
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Furthermore, we have shown that relative wage rigidities, in partic
ular if they are too high, do not affect the short run dynamics alone.
As shown by the welfare comparison of the different labor market poli
cies (see figures 6.21 to 6.23), excessive wage rigidity induces significant

welfare losses.
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Conclusion

Of course macroeconomics cannot
be “exact;” it has to work by rough
analogy and empirical compromise
Maybe a certain raffishness is
inevitable

(R M Solow (2000))

7.1 Summary

In 1994 Paul Krugman formulated the hypothesis that  the European
unemployment problem and the U S inequality problem are two sides
of the same coin ;' in general, he stated that skill biased technologi
cal change leads to an increased demand for skilled workers and forces
the wages of low skilled workers to adjust downwards in order to secure
low skilled workers’ employment. This explains the observation that the
U.S. (un)employment pattern of different skill groups remained rather
stable, whereas the unemployment rate of low skilled workers exhib
ited a significant increase during the 1990s for continental European
countries (see table 2.1). In particular, the general explanation of the
rise of continental European unemployment is that labor markets are
too rigid to ensure a downward adjustment of wages particularly for
low skilled workers.

Since the work of Krugman (1994), numerous studies have at
tempted to explain this pattern. However, most theoretical studies
are based on an endogenous growth framework, as for example Ace

! Cf Krugman (1994) p 37
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moglu (1998), Murphy, Riddel, and Romer (1998), or Aghion (2002),
and many others. However, this branch of literature generally assumes
perfect labor markets. On the other hand, the vast majority of exam
inations of wage inequality and relative employment are empirical ex
aminations on a microeconometric level, such as, among others, Fitzen
berger (1999), Card and DiNardo (2002), Puhani (2005). Although the
empirical studies control for labor market variables, there is a lack of
theoretical explanations of the interplay between technological change
and the labor market.

At least since Ljungqvist and Sargent (1998), Acemoglu (1999) or
Mortensen and Pissarides (1999), a further branch of literature has ap
peared which has provided a more sophisticated theoretical framework
in which the interplay between technological progress and labor mar
ket outcomes can be studied. Whereas the article by Acemoglu (1999)
extends an endogenous growth framework, the work by Mortensen and
Pissarides (1999) primarily concentrates on a dynamic model of the
labor market; influences of the business cycle, interrelationships be
tween the agent’s decisions and market outcomes were not taken into
consideration.

The aim of this thesis was threefold. First to develop a dynamic
general equilibrium framework that provides a theoretical explanation
of the effects of technological advances on inequality and employment.
Second, to develop a theoretical explanation for what kind of labor
market institution causes the low or negative reaction of the employ
ment of low skilled workers. Third, to give empirical evidence on how
the transmission process of technological advances affects wages and

employment.
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Based on a descriptive and an econometric examination, the main
developments of U.S. and continental European labor markets were out
lined. In general, the results confirm the findings of Saint Paul (1996),
that one observes two states of unemployment with different charac
teristics. In general, we observe rather low and stable unemployment
rates of skilled workers and high and increasing unemployment rates of
low skilled workers (cf. table 2.1). Furthermore, significant differences
in the bargaining structures, benefit payments and employment pro
tection mechanisms described on the basis of current data. Based on
the aggregate measures, a reduced form VAR model was developed and
estimated in order to examine the correlation of variables as well as to
provide empirical evidence of the transmission process of the introduc
tion of new technologies to wage inequality and employment. Although
the main findings of the related literature were successfully reproduced
on an aggregate level, the results cannot compete with microconomet
ric evidence based on panel data, which are, generally used in order to
examine relative wages and employment in more detail. As shown by
most of the obtained impulse response functions (see figures 2.8 2.10)
technological change lead to positive reactions of the wage spread and
to a positive reaction of relative employment. In particular, the nega
tive response of the U.S. wage spread after an increase in the relative
supply of skilled workers replicated the theoretical prediction of Ace
moglu (1998). In addition we found similar effects of technology on the
wage spread for Germany. However, an increase in relative employment
has, in contrast to the U.S., a negative impact on the wage spread in
Germany which might be interpreted as a strong supply effect. How

ever, this result might be more related to the impact of German wage



166 7 Conclusion

setting mechanisms which try to reduce inequality. From my point of
view, the obtained results for Germany indicate strong insider effects
on the labor market, leading to a declining wage spread and, on the
other hand, to an increase in unemployment of low skilled workers be
cause this group became too costly for the entrepreneurs. In addition,
the effects of any unanticipated shock on the wage spread and rela
tive employment lead to delayed or “hump shaped” responses of these
variables for both countries. This turned out to be an important result
when trying to reproduce these responses theoretically.

The theoretical analysis of this thesis is subdivided into two parts:
a first part in which the basic framework of a labor market with search
and matching frictions is described and a second part in which this
kind of labor market imperfection is introduced into a dynamic gen
eral equilibrium framework. The mere examination of the labor mar
ket has already revealed the necessity of numerical calibrations in or
der to study the employment pattern of different skill groups. There
(cf. chapters 3.2 and 3.3), it was shown how wage inequality and the
equilibrium outcomes of segmented labor markets react whether social
benefits, technological progress or substitution elasticities change. In
particular, the obtained results showed that it is generally possible to
explain the cross country differences in employment and wage inequal
ity within one model framework in which the parameters are adjusted
to country specific characteristics.

However, the rather comparative static results of chapter 3 are not
able to explain dynamic adjustment processes which arise due to tech
nological advances and how these adjustment processes are influenced

by market imperfections. In order to study the, to use the jargon of
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monetary economists, “transmission process” of technological change,
two frameworks of dynamic general equilibrium models are developed
in chapters 4 and 5. The first framework refers to the primary work of
Kydland (1984, 1995) who introduced two kinds of labor into a dynamic
general equilibrium framework. This framework was extended by the as

sumption of skill biased technology shocks. By comparing the obtained
results to time series evidence for the U.S. and Germany. There it was
shown by the comparison of the obtained impulse responses functions
that this model framework was not able to account for the empirical
facts. In particular, the results of the RBC type model overstated the
correlation of variables, in particular for wages and labor, and, fur

thermore, the obtained impulse response functions do not show the
hump shaped response of the variables found in the data. Although
a similar model such as developed, for instance, by Lindquist (2004)
which considers the effects of capital skill complementary on inequal

ity and relative employment, is able to reproduce stylized facts of U.S.
data, it is not able to account for labor market imperfections and empir

ical facts of European countries. In addition, as shown by the model of
chapter 4, the assumption of imperfect capital labor substitution does
not improve the capability of the model.

In order to account for the effects of technological advances un
der the assumption of labor market imperfections, the assumption of
search and matching frictions is introduced into the dynamic general
equilibrium framework developed in chapter 4. Based on the pioneer
ing work of Langot (1995), Merz (1995), and Andolfatto (1996), who
study the implications of search and matching frictions in the context

of a standard Real Business Cycle model, in chapter 5 their approach
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is extended by the introduction of two segmented labor markets as
well as skill biased technological change. In particular, the latter as
sumption refers to the work of Mortensen and Pissarides (1999). In
comparison to the RBC type framework, the latter model is able to
reproduce empirically plausible impulse response functions, which ex
hibit a hump shaped pattern at reasonable magnitudes. Beside the im
proved capability of the model to reproduce some empirical evidence
in contrast to the literature concerning the skill bias, we are now able
to study these effects from a general equilibrium point of view and,
furthermore, under the existence of unemployment and wage setting
institutions. By comparing the results to Lindquist (2004), it becomes
obvious that the model with labor market frictions has deficiencies with
regard to explaining the evolution of the U.S. wage spread; however,
the model matches the pattern of relative employment for continental
European economies.

Finally, the model developed in chapter 5 is intended to study the
question concerning the determinants of the rise in unemployment of
low skilled workers, in particular with regard to the influence of la
bor market institutions. In chapter 6 two important institutions are
considered. First, it is assumed that the wages of low skilled work
ers are indexed to the wages of skilled workers. In contrast to a pure
wage rigidity which prevents an overall wage adjustment, for example
due to wage agreements with a duration of several periods,? this as
sumption impedes the adjustment of relative wages. This is evident in

% This assumption is, in general, found in monetary models in order to ensure per
sistent real effects of monetary policy shocks See, for example, Gerke (2003) or
Gerke and Rubart (2006) In addition, the recent paper by Gertler and Trigari
(2006) combines the assumption of Nash bargaining with staggered wage con
tracts
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countries like France or Germany where a rather constant educational
wage spread is observed at the aggregate level (see, for example Katz
and Autor (1999)). Basically, this model framework refers to the ap

proaches of Pierrard and Sneessens (2003, 2004) and some suggestions
of Hall (2005a), whereas the focus of the latter study is not on examin

ing the unemployment pattern of low skilled workers. Secondly, a firing
tax is introduced into the search model. The latter assumption accounts
for the fact that, in general, for central European countries, stronger
employment protection mechanisms are in place, than for Anglo Saxon
countries. Finally, both approaches are combined within a single model.
The comparison of the obtained results (see e.g. figure 6.24) has shown,
that a rather low degree of relative wage rigidity causes the employment
status of low skilled workers to decrease continuously after an unantic

ipated shock in skill biased technology. By contrast the assumption of
firing costs has no significant effect in comparison to the search model
discussed in chapter 5. Furthermore, the examination of the welfare
effects of the two labor market policies has shown that a too high rela

tive wage rigidity leads to significant welfare losses in the household’s
welfare.

All in all, the comparison to the RBC type model that assumes
perfect labor markets, approaches that incorporate a certain degree of
labor market imperfection provide a better explanation of the effects
of technological advances on the employment pattern of an economy.

Beside the transmission of technological advances to the labor mar
ket, we studied the incentives of firms and unemployed workers to create
vacancies or to search for new jobs under specific labor market policies.

There, we have shown that employment protection legislation, once it
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is known, has no significant impact on job search and vacancy creating
activity. However, minimum wage rules have important influences on
the economic agents and, unfortunately, lead to worse labor market
outcomes, i.e. high unemployment, for low skilled workers. By compar

ing minimum wage rules with employment protection legislation, two
important differences exist. First, wages or wage rules have higher im

pact on the agents’ decision making, for instance, if the unemployed
worker expects high wages he increases his job search activities per

sistently whereas the probability to stay employed for a longer period
has no or little impact on the workers’ decision. The second difference
is that the wage rigidity or the minimum wage is not the result of a
bargaining process, i.e. it is set outside the labor market and cannot be
adjusted flexibly by firms and workers. For comparison, the firing taxes
and benefit payments were parts of the bargaining process and also en

tered the job search and vacancy creation decision, however wages of
both types of workers could adjust flexibly.

Furthermore, the results of chapter 6.6 have shown that labor mar
ket policies affect the economy in the long run, too. In particular, we
have shown that too high relative wages lead to significant losses in
employment of both types of workers, welfare as well as steady state
output. On the other hand, employment protection legislation has no

or small effects on the long run equilibrium.

7.2 Outlook

Although this thesis gave detailed insights into the transmission process
of technological advances to the employment pattern of an economy,

the capability of the analyzed models to reproduce business cycle facts
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has to be improved by future research. However, a comparison of the
theoretical and empirical models, that reasonable impulse responses,
i.e. the delayed response of labor market variables due to technologi
cal innovations, require a certain degree of labor market imperfection.
In particular, labor market institutions that prevent the adjustment of
relative wages explain the worse pattern of unemployment of low skilled
workers. From this point of view, this thesis presented a theoretical dis
cussion of the “Krugman Hypothesis”. In particular, it could be shown
that the wage setting mechanism, mostly determined by the power of
trade unions and the degree of bargaining coverage, accounts for this
pattern. By contrast, employment protection mechanisms do not have
significant effects on the employment status of low skilled workers. In
general, these findings reflect the observations, that European countries
with strong employment protection mechanisms such as Sweden, Den
mark do Finland, do not necessarily have high unemployment rates.?

As already mentioned, the aim of this thesis was not to regenerate
the theory of Real Business Cycles via the introduction of heteroge
neous labor nor to provide a better explanation of the business cycle.
The main focus was to develop a framework which is able to account
for the employment effects of technological change with regard to la
bor market institutions and to apply this framework to labor market
policies of the recent political debate.

However, many questions remain open and lie, in parts, outside of

the focus of this thesis and shall therefore be left for future research.

3 Unemployment rates in 2004: Sweden: 6 5%, Denmark: 5 5%, Finland: 8 8%,
France: 9 6%, Germany: 10 3% See Eurostat, General and Regional Statistics,
3/2005 Note further that Nickell, Nunziata, Ochel, and Quintini (2001) report,
for countries such as Sweden and Denmark, very high measures of employment
protection
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First, because of the excessively high correlation of wages and em
ployment, a revision of the search and matching approach should be
taken into account. For example, den Haan, Ramey, and Watson (2000)
provide a model with endogenous job creation and destruction, which
exhibits a better reproduction of the stylized facts. Similar approaches
have been published by Hall (2005b) and Shimer (2005). However, the
latter models concentrate on the reproduction of the volatility of unem
ployment and vacancies rather on the employment pattern of different
skill groups. Furthermore, the specification of the endogenous job de
struction process seems difficult because one has to consider exogenous
and endogenous productivity advances; however, if the effects of skill
biased technological advances are considered which might affect both
types of workers, it seems difficult to clarify the “idiosyncratic pro
ductivity” shock which governs the job destruction rate of the type ¢
worker.

Furthermore, in order to give a better explanation of the empirical
evidences, a more sophisticated calibration of the models seems neces
sary. In particular, the parameter specification should be based on an
estimated version of the model. However, up to now, there has been
a lack of proper data. For example, an index of vacant jobs for low
skilled workers is not available, which is a variable that is important to
estimate or to calibrate the respective matching functions.

Last but not least, further questions concerning displacement effects,
where skilled workers apply for low skilled jobs or active labor market
policies such as on the job training to increase job security, and human
capital creation are not taken into account in this thesis. However, these

questions seem more relevant if a medium run or long run perspective
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is taken into account. In particular, the latter questions concerning
schooling effects, or human capital creation under the existence of labor
market imperfections seem to be important for future research then,
however, the model should be revised to an Overlapping Generations
framework. However, the framework outlined in this thesis provides a

logical starting point for studying these important questions.
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Symmetric Technological Advances

The long run effects on the wage spread of symmetric technological
change are discussed in an endogenous growth model developed by
Greiner, Rubart, and Semmler (2004). This appendix shows the sim
ulation results of this approach within a dynamic general equilibrium
framework with search and matching frictions. Basically, this setup
refers to the model discussed in chapter 5. The main difference is
the setup of the production technology as shown below. Analogous
to Greiner, Rubart, and Semmler (2004), only one type of indexTech

nology shock!Symmetric technology is assumed:
1
P2 .
FO) =z (@@ he)™ + (1 N hu)™) 7 + (1 ki)™,
(A.1)

where z; is determined by a stationary Markov process, i.e.
z2=pz 1+€ with € ~ N(0,0?).

Furthermore, the parameters &,, &, > 0 denote external effects of tech
nology on the respective type of labor. The parameter settings for the
calibration are chosen in accordance with table 4.1. Again, the main

variables of interest are relative employment, the wage spread and the
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employment response of low skilled workers. In order to evaluate this
version of the model, the results are compared to the effects of a neu
tral technology shock of the model framework discussed in the previous
chapters.

With the exception of the response of the wage spread (figure A.2),
no qualitative differences to a neutral technology shock are observed.
The higher magnitude and persistence of response of relative employ
ment after a pure skill augmenting shock can be explained by its greater

direct impact on the productivity of skilled workers.
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Fig. A.1. Relative employment

The higher response of the wage spread seems surprising, yet it can
be explained by two effects. First, the general external effect, i.e. & > &,
still holds. Furthermore, due to the lower increase in the employment

of skilled workers, their marginal product increases, whereas due to
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the relatively high increase in low skilled employment, the respective
marginal product decreases, which has further dampening effects on

the low skilled wage.
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Fig. A.2. Wage inequality

The higher response of low skilled employment after a symmetric
technology shock is explained due to this symmetry, i.e. the productiv
ity of both types of workers increases, leading to higher employment.
For comparison, an asymmetrical technology shock does not affect the

productivity of another worker directly.
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Data, Sources and Definitions

GDP, investment and capital stock:

The time series of the GDP, and gross investment are taken from the
OECD Economic Outlook 2005. The time series for the capital stock
is taken from the OECD Business sector database (from 1964.1

1999.4). Please note, that all data are real data measured in prices
of 2000.

Labor productivity:

Real output per employed person in the business sector (OECD
definition). Business sector employment is defined as total economy
employment less public sector employment. Business output is de

fined as real GDP less the government real wage bill less net real
indirect taxes less real consumption of fixed capital. Thus, business
output is valued at factor costs. The series are taken from OECD
Economic Outlook 2005.

Unemployment and vacancies:

The U.S. unemployment data are taken from the Bureau of La

bor Statistics (www.bls.gov) and are based on monthly observa

tions. The German data are taken from the “Zahlen Fibel” pub
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lished by the Institut fiir Arbeitsmarkt und Berufsforschung (IAB)
(www.iab.de) and are based on annual observations. In the latter
case, the quarterly data are obtained from linear interpolation. The
general time series of unemployment rates and job vacancies are
taken from OECD Main Economic Indicators 2005. The vacancy
rate is computed as the vacancy employment ratio.

Employment of high and low skilled workers:

Based on annual data for the U.S. and Germany which are linearly
interpolated in order to obtain quarterly data. For the U.S., the
data are taken from U.S. Bureau of the Census (1998), Measuring
50 Years of Economic Change Using the March Current Popula
tion Survey, Current Population Reports P60 203, Washington DC,
September 1998. and U.S. Bureau of the Census (2000), Current
Population Reports P60 209, Money Income in the United States:
1999, U.S. Government Printing Office, Washington D.C.

For Germany, the data are taken from the Federal Statistical Of
fice Germany, Fachserie 1, Bevolkerung und FErwerbstatigkeit, Reihe
4 2 1, Struktur der Arbeitnehmer, Metzler Poeschel, Wiesbaden,
various issues since 1978 and Fuachserie 16, Lohne und Gehalter,
Reihe 2 2 und 2 1, Metzler Poeschel, Wiesbaden, various issues since
1978. See also Greiner, Rubart, and Semmler (2004) for a similar
data set.

Tertiary Education:

The values for 1980 / 1989 are measured as the proportion of the
population with a university degree (cf. OECD (1993): 172). The
2002 values are measured as percentage of population (age group

25 64) that has attained a tertiary type A or an advanced research
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program in 2001 (see OECD (2003)). The quarterly data applied in
chapters 2.1 and 2.3.2 are obtained from linear interpolation.
Wage spread:

The German data refer to the West German manufacturing sector,
only. However, a similar behavior of aggregate wage data is found
by Fitzenberger (1999). For the U.S. the data are taken from the
Current Population Survey (CPS) and show the ratio of wages for
workers with some sort of college degree to workers with a high
school degree. The quarterly data applied in chapters 2.1 and 2.3.2

are obtained from linear interpolation.



C

Solow Residual and Labor Productivity

In order to estimate the Solow residual from a standard growth ac
counting exercise, the following functional form is applied:

g k [
= 1 : 1
y a+ak+( a)l+e (C.1)

In particular, two measures of the stock of capital are applied in the
estimations. The time series of the capital stock is a quarterly series
provided by the OECD Business Sector Database from 1964.1 to 1999.4.
The second measure, which is used to calculate the residual, is based
on an own calculation of the capital stock by applying the perpetual
inventory method, i.e. ki1 = (1 d)k; + I; where a constant depre
ciation rate of 2.5% per quarter is assumed. Please note that I; de
notes gross investments. Furthermore, according to Greiner, Rubart,
and Semmler (2004), the initial value of this series is approximated as:
ko = Iy/(d +gr1), with gr as the mean growth rate of gross investments.
When calculating the capital stock, a quarterly depreciation rate of
0 = 0.025 is assumed.

The parameter « is estimated by OLS, where the following values

are obtained for the U.S. and Germany:
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Vs :0.29(0.022) Qlermany + ().23(0.028),

where the terms in parentheses denote the respective standard errors.
Both parameters turned out to be highly significant and within reason
able ranges.!

The relationship between labor productivity and the Solow residual

is studied by an OLS estimation to the following equation

gxt = Bo + Brgp”™ + e (C.2)
Note that gi* denotes the growth rate of labor productivity and g>°"

the Solow residual, respectively. For both countries, 5; turned out to

be highly significant. For the U.S. the following results are reported:
B1 = 0.908(0.034) R? =0.835

for Germany

B1 = 0.874(0.080) R? = 0.476,

with standard errors in parentheses.

! Please note that the break in the German time series due to reunification in 1990
is omitted in the OLS regression
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The high correlation of both series is also documented by figure C.1

below:

Germany

Germany

0.08

0.04

0.00

Labor Productivity

0.08

-0.02

1968 1972 1976 1980 1984 1988 1992 1996 2000

Time

u.s.

0.02 0.03 0.04 0.05 0.06

Solow Residual

0.06

Solow Resid
Labor Prod.

0.00

-0.02

Labor Productivity
-0.01 0.00 0.01 0.02 0.03 0.04 0.05

-0.04

1968 1972 1976 1980 1984 1988 1992 1996 2000

Time

—0.04 0.00 0.02 0.04 0.06

Solow Residual

Fig. C.1. Labor productivity and the Solow residual
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A Brief Description of DYNARE

DYANRE is a pre processor and a collection of MATLAB or SCILAB

routines which solve non linear models with forward looking variables.

It is available at: http://www.cepremap.cnrs.fr/dynare/. Note, that

in this thesis the Matlab version of DYNARE, rel. 3.064, is applied.
DYNARE computes!

e the steady state of a model

e the first and second order approximations to the solution of stochas
tic models

e computes theoretical and / or simulated moments as well as impulse
response functions

e estimates parameters of DSGE models by using the maximum like

lihood or Bayesian approach (not used in this thesis).

DYNARE solves the following, general form, of an economic model:

Ee[f(yes1,ye,ye 1,u0)] =0,

with

! Parts of this summary of DYNARE are based on lecture notes by Stephane Ad
jemian of his course held at the Deutsche Bundesbank in April 2006
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y  : vector of endogenous variables
u  : vector of exogenous shocks with E[u;] = 0 and E[wu}] = X,

: vector of parameters

In general, the unknowns in a stochastic framework are the decision
rules that have to be approximated. The approximated decision rules

and transition equations are of the following form
Y=y + Ajr 1+ Buy,

with g, = y; y. Where y denotes the steady state value of the respective
variable. Furthermore, A and B denote matrices of parameters.

The system of equations is, determined by the FEuler equations of
the household’s and the firm’s optimization problem, the resource con
straints, the law of capital accumulation and the exogenous shocks. In
the case of search and matching models, the evolution of employment

and the matching function have to be considered, further.

The DYNARE code for the RBC type model (cf. chapter 4) is given

as an example, below

periods 1000;
var y, i, ¢, k, r, ws, wu, hs, hu, z, w i; varexo e;

parameters beta, rho, alpha, gamma, exs, exu, phi, delta, sigma, s,
u, n ul, n u2;

alpha = 0.64;
s = 1/3;
u = 2/3;
rho = 0.95;
beta = 0.99;
delta 0.025;

phi 0.5%1; Ydefault = 0.5
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sigma = 1.4; h int.: 1.01 2.0

gamma = .5;

n ul = .8;

n u2 = .8; % default= .8

exs =1.5;

exu =1;
model;

y =c + i;

k = (1 delta)*k( 1) + i;

y = exp(z)*k( 1)~ (1 alpha)*(gamma* (exp(z) “exs*h s)

“((sigma 1)/sigma)+(1 gamma) * (exp(z) “exu*h u)
~((sigma 1)/sigma))
" (alpha*sigma/sigma 1);

T = (1 alpha)*y/k( 1);

c~( phi) =betax(c(+1)~( phi)*(1+r(+1) delta));

W s k( 1)~ (1 alpha)*exp(z)~ (1+exs*(sigma 1)/sigma)*gamma
* (gamma* (exp(z) "exs*h s)~ ((sigma 1)/sigma)
+(1 gamma)* (exp(z) “exuxh u) "~ ((sigma 1)/sigma))
~(alpha*sigma/(sigma 1) 1)*h s~ ( 1/sigma);

Wou = k( 1) (1 alpha)*exp(z)~ (1+exu*(sigma 1)/sigma)
*(1 gamma) * (gamma* (exp (z) “exs*h s)
“((sigma 1)/sigma)
+(1 gamma)* (exp(z) "exu*h u)~ ((sigma 1)/sigma))
" (alpha*sigma/(sigma 1) 1)*h u~( 1/sigma);

(1 hs)”(nul) =c”( phi)*w s;
(1 h w(nu2) = c”( phi)*w u;
w i = gamma/(1 gamma)*exp(z)~((exs exu)*(sigma 1)/sigma)

*(h s/h u)~( 1/sigma);
z = rho*z( 1)+ e;
end;

12; hs = .3; hu= (1hs); ws =

initval; y =
= 1.5; r = 0.05; z = 0; e = 0; end;

7.60; c = 4; k
3.8; wu =

2; wi=1.9; 1
steady (solve algo=2);
shocks;

var e=0.07"2;

end;

stoch simul (dr algo=1,order=1,irf=40,replic=20,
hp filter=1600,simul,simul seed=1)
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