Lessons Learned From Germany’s 2001-2006
Labor Market Reforms

Inaugural-Dissertation

zur Erlangung des akademischen Grades
eines Doktors der Wirtschaftswissenschaften an der
Wirtschaftswissenschaftlichen Fakatlt
der Julius-Maximilians-Universat Wrzburg

vorgelegt von

Diplom-Volkswirtin Irene Schumm, geb. Endres

Wirzburg, 30. April 2009



Betreuer der Dissertation:
Prof. Dr. Klaus Walde



To Marcel
and my parents






Contents

List of Figures IX
List of Tables Xi
Abbreviations Xii
1 Introduction 1
2 The Laws for Modern Services on the Labor Market in Germany 3
2.1 Introduction . . . . . . . . 3
22 Hartzl . . .. . e 5
2.2.1 New benchmarks ofauitablejob. . . . . .. ... ....... 5
2.2.2 Earlynotification . . . . ... ... ... ... o 6
2.2.3 Reversal of the burden of proof . . . .. ... ... ... .... 7
2.2.4 More differentiated sanctionrules . . . . .. ... ... ... 7
2.2.5 New rules for continuing education . . . . ... ... .. ... 8
2.2.6 Supportofolderworkers . . . .. .. ... ... L. 9
2.2.7 ‘Personal-Service-Agenturen’ . . . . ... .. ... ... ... 9
2.2.8 Competition between integration measure providers.. . . . . 10
2.2.9 Controlling and bonus for good performance . . . ... . ... 10
23 HartzIl . ... . e 11
2.3.1 ‘Minijob’ . . ... 11
2.3.2 ‘Midijob’ . . . ... 11
2.3.3 Starting abusinessbyan‘lch-AG’ . . . . ... ... ...... 12
2.4 Hartzlll . .. . e 13
2.4.1 Self-administration of the Employment Offices . . . .. ... 13
2.4.2 Simplification of labor market policy instruments . . . . . . . 13
2.4.3 Changesin monetary benefits . . . ... ... ... .. ..... 14
25 HartzIV . . . . . 15



Vi CONTENTS
2.5.1 Flat unemployment assistance payments . . . . ... ... . .15
2.5.2 ‘Job-Centers’ascontactpoints . . . . ... .......... 16
2.5.3 Suitablejobs . . ... ... . o 17
254 One-Eurojobs . . ... .. ... ... ... 17
2.5.5 Integrationagreement . .. ... .. ... .. .. ... .. ... 17
2.5.6 Means tests for long-term unemployment benefits . . . . . . 18
257 Sanctions . . . .. ... 18

2.6 Further changes before or after the Hartz reforms . . . . . . . . .. 19
2.6.1 Job-AQTIVLaws . . . . . . . . . 19
2.6.2 Changes in the benefit entittement duration . . . .. .. .. .20

2.7 Further developments and concludingremarks . . . . .. ... ... 21

3 Unemployment benefits, distribution, and efficiency 23

3.1 Introduction . . . . . . . . . . 23

3.2 Differentstrands of literature . . . . . . . ... ... ... ...... 27
3.21 Basicsofmodeling . . ... ... ... .. ... . ... ..., 28
3.2.2 Basicsofestimation .. ... ..... ... ........... 33
3.2.3 Literature on (optimal) Ulsystems . . . . . ... ... .. ... 36

33 Themodel . . . .. ... . . . . 38
3.3.1 Production, employment, and laborincome . . .. ... .. ...39
3.3.2 Optimalbehavior . . . . ... .. ... ... ... ... ..., 40
3.33 Welfare . . . . . .. 43

3.4 Equilibrium properties . . . . .. ... e 44
3.4.1 Individual (un)employment probabilities . . . . . .. ... .. 44
3.4.2 Aggregate unemployment . . ... .. ... ... ... ..., 46
3.4.3 Functional forms and steady state . . . . . .. ... .. ... 47.

3.5 Structural estimation . . . . .. .. ... . 48
3.5.1 Exitrates out ofunemployment . . .. .. ... ......... 48
3.5.2 Econometricmodel . . . .. ... ... .. L 50
3.5.3 Estimationresults. . . . .. ... .. ... .. .. .. ... ... 54

3.6 Numerical solution I: the pre-reform steady state . . ...... . . . .. 56
3.6.1 Equilibrium values in the pre-reform steady state ...... . . . 56
3.6.2 Dynamics on the microeconomic level in steady state . . . . 57

3.7 Numerical solution II: the effects of thereforms . . . .. . ... ... 60
3.7.1 Decreasing the unemployment assistance bebgfits. . . . . . 60

3.7.2 Decreasing the entitlementperiod. . . . . .. ... ... ... 63



CONTENTS vii

3.7.3 Decreasing the unemployment assistance bemgfitend the

entitlement period simultaneously . . . . .. ... ... .. .. 65
3.7.4 Decreasing the unemployment assistance bemgfitend the
entitlement period simultaneously in a grown economy . . . . . 67
3.8 Numerical solution IlI: insurance and incentive eféeat unemployment
assistance benefibs 4, . . . . . . ... L 69
3.8.1 An analytical benchmark for the pure insurance edfect . . . . 69
3.8.2 Quantitative benchmark results of the insurancesffe . . . . . 70
3.8.3 Quantitative benchmark results of the insurancelaohtentive
effects . . . . . . L 73
3.9 Conclusion . . . . ... 75
3.10 Individual contributions to the sections of chapter3 ... . . . . . . .. 77
4 Semi-Markov processes in labor market theory 79
4.1 Introduction and underlyingsetup . . . ... ... ... ... .. .. 79
4.2 Semi-Markov processes -thebasics . . . ... ... ... ... ... 82
4.2.1 Continuous-time Markov chains . . . . ... ... ... ..... 83
4.2.2 Semi-Markovprocesses . . . ... ... ... 85
4.2.3 Transition probabilities of Semi-Markov processes ... . . . . 87
4.3 Semi-Markov processes withtwostates . . . ... ... ... ... 90
4.3.1 Computing transition probabilities for constantwafrates . . . . 91
4.3.2 Computing transition probabilities for general aatrates . . . . 92
4.4 Numerical solution of the transition probabilites . . . . .. ... .. 93
4.4.1 Rectangle approximation . . . . . .. ... ... ... ... ... 94
4.4.2 Trapeze approximation . . . . . . . . . ... ... 98
45 Numericalresults . . . . . . . . ... L 110
4.5.1 Constant arrival rates - convergence to the analhgadation . . . 102
4.5.2 Duration-dependentarrivalrates . . . . . .. ... ... ... 110
4.6 Conclusion . . . . . . .. 113
5 Summary 115
A Appendix to chapter 3 117
A.l Wagebargaining . . ... .. ... . ... 117
A.2 Steadystatesolution . . . ... ... ... ... o 191
A3 Data . . . . . . . e 121

A.4 Initial equilibrium: predicting productivity and vanay costs . . . . . . . 123



viii CONTENTS

A.5 Determining the productivity of specificyears . . . .. ... ... .. 124
A.6 Insuranceeffects . ... ... ... .. ... 512

A.7 The insurance and incentive effects in steady state . . . . . .. ... 126

A.7.1 Steady state solution for the insurance effects . . . ... . . . 126

A.7.2 Steady state solution for the insurance and inceefieets . . . . 127

A.8 The Matlab code for comparative statics . . . ... ... .. ...... .130
A.8.1 Preparation . . . .. .. ... ... 130
A.8.2 Runningtheprograms . .. ... ... ... ... ... ..... 130

A.8.3 The solution structure of the programs . . . . . .. ... .....136

A.9 Description of the functions using numerical integvati . . . . . . . . . 138
A9.1 muebarm . .. .. ... 138
A.9.2 smcProb.m . .. ... ... ... 139
A93 smcPuum. . . . ... . .. 139
A.9.4 unemploymentm . . . .. ... 140
A95 SocialWelfm . ... .. .. 142

B Appendix to chapter 4 143

B.1 The limiting distribution of a Semi-Markov process . . . . . . . . .. 143

B.2 The transition probabilities for the trapeze method . ...... . . . . . . 144

B.3 The Matlab code for SMP transition probabilites . . . . .. ... . .145
B.3.1 Preparation . . . . . . .. . .. ... 145
B.3.2 Runningtheprogram . . . . ... ... ... .. ... ...... 145

Bibliography 147



List of Figures

2.1

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

3.9

3.10

3.11

3.12
3.13
3.14
3.15

3.16
3.17

4.1
4.2
4.3
4.4

Maximum entitlement duration for Ul benefits . . . . . . . . ... .. 21
Non-parametric hazard functions . . . . . .. ... ... ... ... 49
Microeconomic variables over the unemploymentspell..... . . . . . 58
Costofsearch . . . . . . . . . . . . e 59
(Un)employment effects of decreasing long-term benefit . . . . . . . 60
Welfare effects of decreasing long-term benefits . . . ...... .. ... 61
(Un)employment effects of decreasing entitlementtivma. . . . . . . . 63
Welfare effects of decreasing entitlement duration ...... . . . . ... 64

(Un)employment effects of decreasing long-term benafit decreasing
entittementduration . . . . .. ... L 65
Welfare effects of decreasing long-term benefits andedstng entitle-

mentduration . . . . ... ... 66
(Un)employment effects of decreasing long-term benafid decreasing
entittement duration while the economy hasgrown . . . . . . ...... 67
Welfare effects of decreasing long-term benefits amdedsing entitle-

ment duration while the economy hasgrown . . . . . . .. ... ... 68
The insurance effects of long-term benefits regardingefnployment . . 71
The insurance effects of long-term benefits regardieifprne . . . . . . . 71
The insurance effects of long-term benefits. . . . . . . ... .. .. 72
The insurance and incentive effects of long-term btrefgarding (un)em-
ployment . . . . .. .. 73
The insurance and incentive effects of long-term benefgarding welfare 74
The insurance and incentive effects of long-term benefi. . . . . . .. 75
Rate diagram fora CTMC withtwo states . . . . . . .. ... .. ... 4 8
Possible transition paths of a continuous-tme SMP . .. ... ... .. 89
Numerical integration via rectangle method . . . . . .. ...... ... 95

Numerical integration via trapeze method . . .. .. ... ...... .. 98



LIST OF FIGURES

4.5
4.6
4.7
4.8
4.9

Transition probabilities of a CTMC (rectangle method) .. ... . . . . . 103
Transition probabilities of a CTMC (trapeze method) . ...... . . . . 104
Transition probabilities of a CTMC (rectangle methodads) . . . . . . 105
Transition probabilities of a CTMC (trapeze method, iflgta. . . . . . . 106

Transition probabilities of a SMP (rectangle and trapaethod) . . . . . 112



List of Tables

2.1

3.1
3.2

4.1
4.2
4.3
4.4

Al
A2
A3
A4
A5

B.1

Developments on the labor market in the reformyears . . . . . . . . 4
Structural estimationresults . . . . .. ... L Lo 54
Parameters and selected equilibriumvalues . . . .. ... ... .. 57
Transition probabilities from unemployment to unemyptent . . . . . . 107
Transition probabilities from employment to unempleym . . . . . . . 109
Limiting probabilities for the state of unemployment . . . . . . . .. 110
Transition probabilities for duration-dependent $iion rates . . . . . . 111
Descriptive statistics . . . . . . . . .. ... . o 122
Growth rates in Germany between 1999 and 2005 . . . . . . . . .. 124
Files and folders in the foldeeform . . . . . . ... ... ... ... .. 130
Possible programruns. . . . . . . ... oo 311
Naming of the figures from théGRruns . . . . . . .. ... ... ... 135

Files and foldersinthefoldemp . . . . . ... .. ... .. ...... 145






Abbreviations

BGBI.
CMTC
DIW
DTMC
GDP
GSOEP
ML
OECD
PSA
SGB
SMP
UA

Ul

Bundesgesetzblatt
Continuous-Time Markov Chain
Deutsches Institutifr Wirtschaftsforschung
Discrete-Time Markov Chain

Gross Domestic Product

German Socio-Economic Panel
Maximum Likelihood

Organisation for Economic Co-operation and Development
Personal-Service-Agentur
Sozialgesetzbuch

Semi-Markov Process
Unemployment Assistance
Unemployment Insurance






Chapter 1
Introduction

In recent years, the unemployment rate in Germany has faiben 10.5% in 2004 to
9.0% in 2007. Having followed legislature developmentsoanection between this
decrease and the labor market reforms between 2001 and @p6éra plausible. Among
others, the_aws for Modern Services on the Labor Market Hartz Laws, introduced
sweeping changes in labor market institutions, which feltbe guidelinesupport and
demand The demanding elements are related to the unemployed, Rdwdsbe helped
to avoid or exit unemployment. To this end, some old laws viigtegened and several
new rules came into force. Support refers to the assistaneeded by the unemployment
agency to place unemployed workers.

In society, the Hartz Laws caused considerable debate. Wbéleal groups agreed
that, even after the reforms, still insufficient incentivesgsted for the unemployed to
escape unemployment, opponents criticized that the dem@etements were overem-
phasized. From time to time, this debate arises again. Bibigdiscussion emerged in
January 2009 when the Federal Social Court declared the argretpport for children
of long-term unemployed granted according to the Hartz Lasvenconstitutional.
Furthermore, in addition to social aspects of the reforims jitentions and effects with
respect to microeconomic behavior and macroeconomic peaioce should be consid-
ered and analyzed. The aim of this work is therefore twoféldst, an overview of the
most important reform measures and the intended effecigas.gSecond, two specific
and very fundamental amendments, namely the merging of plogment assistance and
social benefits, as well as changes in the duration of ungm@ot insurance benefits,
are analyzed in detail to evaluate their effects on indigld@and the entire economy.

Many of the new laws are based on the suggestions of a refomméession, which
was appointed by the German governmentin 2002. The recodatiens were compiled
in a 350-page report and handed over to the government, wihi¢hrn, used the report



2 Introduction

to develop bills for the labor market reforms. Due to the ctaxipy and multitude of
the resulting laws, the implementation was partitione® i#wur sub-packages, which
became effective consecutively. In order to give an overvwé the reform program,
chapter 2 analyzes th@ur Laws for Modern Services on the Labor Marketh respect
to the underlying aims as presented by the commission regoviell as other connected
reform measures. Furthermore, since controlling with eespo the actual effects is
important, we sketch several economic and econometricatiah studies for different
labor market instruments and measures.

There was one amendment in the fourth reform package whistanastill is among
the most controversially discussed: the merge of unempdoyrassistance and social
benefits. This step actually resulted in lower unemploynassistance benefits for a ma-
jority of the benefit claimants. Therefore, the effects ofeadfit cut for the long-term
unemployed are studied in chapter 3 along with a decreasditéenent duration for un-
employment insurance benefits. To this end, we construcm@lseand matching model
of the labor market and extend it in several ways by essdaafires of individual behav-
ior on the labor market. For instance, the incentive effée two-tier benefit system is
considered by allowing for effort adjustments in job seareir the unemployment spell.
Based on this labor market model, parameters are estimatedisally using data from
the German Socio-Economic Panel database. The paramgteates are then used to
evaluate the effects of these specific reform measures aadteafiative reform scenarios
numerically. Thus, it is possible to examine both the impactthe microeconomic level
(i.e. changes in individual behavior) and the consequefarebe economy as a whole
(e.g. (un)employment, unemployment insurance contioingtior welfare).

In our labor market model presented in chapter 3, optimahbien and equilibrium
values cannot be solved analytically. Particularly duehtorion-stationary exit rate out
of unemployment, a solution like in a standard matching #aark is not feasible. In
order to establish a numerical solution of models like otmafchapter 3, Semi-Markov
techniques are needed. The main problem is to computeticangrobabilities between
the different labor market states, and therefore chaptdredislight on Semi-Markov
processes in labor market theory. First, a general inttboluto Semi-Markov processes
is given and it is shown how transition probabilities anditing distributions can be
determined. Second, numerical results are computed ussn§emi-Markov process of
labor market states from our model in order to evaluate asesssthe chosen numerical
computation methods.

Finally, chapter 5 summarizes the main findings of this thesi



Chapter 2

The Laws for Modern Services on the
Labor Market in Germany

2.1 Introduction

In the year 2002, the course for very far-reaching reformsuess of the unemployment
insurance system in Germany was set. The first step in tha@stthn was the appointment
of the so-calledHartz Commissiotby the German government in February 2002. Com-
mission members included representatives from politidgage industries, trade unions,
and one professor (of politics), who represented the acedawsition. The proper name
of this group was ‘Kommissionif moderne Dienstleistungen am Arbeitsmarkt’, which
can be translated @mmmission for modern services on the labor matkéhe commis-
sion’s task was to develop a reform concept in order to malerlenarket institutions
more effective. Many of their proposals were accepted bygtheernment and realized
in the Four Laws for Modern Services on the Labor Markd#dbeled accordingly as the
Hartz Lawsin public. The enacted laws mainly changed the German SQadk, the
‘Sozialgesetzbuch’ (SGB)Table 2.1 gives an overview of the reform packages.

The purpose of this chapter is to discuss the Four Laws fordvio&ervices on the
Labor Market, referred to &sartz I-IV, and a few other connected amendments. Empha-

n public discussion and the media, the commission wasrefdéo as thédartz Commissiopnamed
after its President, Peter Hartz, who had been the HumanuRasoexecutive from Volkswagen AG.

2The German Social Code consists of 12 code books, labeledzal@setzbuch | - XII, or SGB | -
XIl. SGB Il addresses basic support for job seekers. It doatthe rules for the long-term unemployed
and was created by the Fourth Law for Modern Services on tlei &larket in 2003. In SGB lll, the
rules for the support to find and keep a job are recorded. 0GB and before the Fourth Law for Modern
Services, SGB Il contained the rules for all unemployeank2004 on, the regulations for the long-term
unemployed were placed in SGB II.
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Chronology Action Section
Jan 2002 Job-AQTIV Law 2.6.1
Feb 2002 Appointment of the Hartz Commission | 2.1
Aug 2002 Proposal of reform measures by the Har.2-5

Commission, basis for the following laws
Jan/May/Jul 2003 | First Law for Modern Services on the

Labor Market (Hartz 1) 2.2
Jan 2003 / Jan 2006Second Law for Modern Services on the

Labor Market (Hartz I1) 2.3
Jan 2004 Third Law for Modern Services on the

Labor Market (Hartz 111) 2.4
Jan 2005 Fourth Law for Modern Services on the

Labor Market (Hartz 1V) 2.5
Feb 2006 Benefit entitlement drop 2.6.2

Table 2.1: Chronological overview of the developments orldher market in the reform
years. The dates show when the laws became effective.

sis is placed on those measures which are relevant for ecoseither due to economic
modeling possibilities or for normative reasons. Whereiapple, respective economet-
ric or economic studies for evaluation are pointed out.

Before we turn to the recent changes, we further go back iryisind trace the
evolution of the German unemployment insurance system.elm@ny, unemployment
benefits were first introduced and explicitly distinguisifiesn poor relief in 1914. The
benefits for the unemployed started one week after unem@oyend were paid for
six weeks, see Stolleis (2003). Later, in 1927, nationalmpleyment insurance was
established. Contributions were paid equally by employars employees, payments
lasted half a year, and Employment Offices were created,tedleiS (2003).

After World War 11, reinvention and reorganization of theaimployment insurance
system was needed. This led to the foundation ofRbderal Employment Office
Nuremberg and the subordinate local Employment Offices 5219 he tasks of these
agencies included job search and unemployment insurangeese In 1969, when un-
employment had been recognized as a problem of skill migmabe agencies’ tasks
were extended to supporting training measures. Those mesasuere recorded in the
Third Social Code Book of Germany, known as SozialgesetzbUctSGB Ill), see
Stolleis (2003). Over the years, specific aspects or rules eehanced or refined. Dur-
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ing the 1980s, the unemployment insurance (Ul) entitlendenation for older workers
was extended several times, while the wage replacementoratiee unemployed with-
out children was cut. These changes are analyzed by Hunb)1@®o finds that the
longer potential duration of Ul benefits explains the prgled unemployment spells in
Germany to a certain degree.

In the following years, discussions about the German uneynpeént benefit system
being too generous surfaced regularly. Basic economi@titee identifies high benefits
as a reason for the lacking incentive among the unemployédda job, see Pissarides
(2000). Moreover, the inflexible labor market was criticiz&or these reasons, the Ger-
man government formed the Hartz Commission in 2002, whiclpgsed broad labor
market reforms in their commission report. These suggestmd the resulting amend-
ments to the former laws are analyzed in this work.

The outline of this chapter follows the official classificati sections 2.2-2.5 present
the changes due to the Hartz I-IV laws, respectively. Se@ié describes other related
amendments of SGB Il enacted shortly before or after thezHaforms. The changes
are all extracted from the ‘Bundesgesetzblatt’ (BGBI.), whigtthe official media of
law promulgation in Germany. This chapter focuses on thexgba of SGB Il and
the creation of Sozialgesetzbuch Il (SGB Il) as these twadmabks were substantially
affected by the modifications.

2.2 Hartzl

In this section, the main changes made by the First Law of Ifo8ervices on the Labor
Market, known as the Hartz | Law, are presented. All amendsnare promulgated in
the BGBI. | p. 4607 (2002); most of them changed the Third Sdca@le Book, SGB
[l (2002), and connected rules in other code books. The leavse into effect in the
beginning of 2003. The following rules all refer to SGB [1I0@2).

2.2.1 New benchmarks of auitable job

The new labor market policy should be in line with thepport and demangrinciple
according to the Hartz Commission (2002), p. 45. New bencksfar suitable jobsare
one demand to be met by the unemployed because by the Firstilldwdern Services
on the Labor Market, the rules with respect to acceptablejtdys were changed. For
example, if a job in Germany is offered, this job should notéjected due to distance
reasons alone, according to the Hartz Commission (2002),3p». Rejection of such
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an offer is only possible for good reason. An acceptableore#sr rejection would be

family care or if the offer refers to a part-time job only, xample. However, simply a
long distance between the home of the unemployed and thdfgried is not accepted, so
relocating is considered reasonable. Article 1 No. 15 BGBI.4§07 (2002) implements
these suggestions into the Social Code as § 121 SGB 111 (2003).

The evaluation of this amendment refers to its activatioteipial regarding the un-
employed. The official evaluation of this and other measaresconducted by Mosley
et al. (2006). In case studies and polls among Employmentédigents, they find that
the application of these stricter rules is rated as incngdysimportant and inter-regional
mobility is very often tested by the Employment Office. Nekeless, Mosley et al.
(2006) find little positive effects. The mobility requirents apply to the unemployed
without family and hence only for a subgroup of the unempibyBesides, mobility of
the unemployed has already been assessed as good by agemsndent of the sanc-
tion threat, and employers have demonstrated a limitedastén hiring workers from a
distance. Thus, there was actually no need to tighten thesfrom their point of view.
Altogether, the effect of this law is regarded as negligible

2.2.2 Early notification

This new rule also belongs to the group of demands for the plemad as well as those
employed workers threatened by unemployment. In ordereedgpp the job search, the
Hartz Commission (2002), p. 82, suggests that workers shieplat to the Employment

Offices as early as threatened by unemployment. This izezhliy article 1 No. 6 BGBI.

| p. 4607 (2002) in 8 37b SGB Il (2003). If early notificatios missed, a monetary
sanction as proposed by the Hartz Commission (2002), p. &ppbed, established by
article 1 No. 19 BGBI. | p. 4607 (2002) in the Social Code as § 148 8(2003).

This activating measure is also officially evaluated wittiia report of Mosley et al.
(2006). According to the authors, the goal of higher johetoplacement (a new job
before unemployment actually occurs) is not met. Theirysis| based on case studies
and surveys among executives from several Employment Gfasewell as data from
the Federal Employment Office, identifies that only about 7%aoly notifiers make a
job-to-job transition, and it is not clear whether this désérom the workers’ efforts or
from the earlier placement effort of the Employment Offices.
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2.2.3 Reversal of the burden of proof

Under the new laws, the unemployed individual has to proea¢ hie followed the rules
of the German Social Code. For example, if the unemployedraech job or misses a
notification, to qualify for support he has to prove that tkelthed job was not a suitable
one or that he missed a notification for good reason. This ggested by the Hartz
Commission (2002), p. 93, and finds its expression in artiddol 20 a) BGBI. | p.
4607 (2002) and in § 144 (1) SGB Il (2003).

2.2.4 More differentiated sanction rules

The Hartz Commission (2002), p. 99, reports on the rarely sedosanctions when
unemployed do not comply with the rules of the German SocialeColhey see one
reason for this in the inflexible and long blocking period @feeks, i.e. the retention
of benefits for three months. Such a sanction is conside@tacsh for relatively mi-
nor violations and Employment Office agents hesitated toosephis severe sanction.
Consequently, sanctions were no longer credible to the ulogeh. In order to restore
the credibility of the law and the Employment Offices, the asgion of more flexible
sanctions was enabled. It was thus made possible for the sgeanjust the sanction
according to the delict. The promulgation of the correspogdiaw is in article 1 No.
20 b) and c) BGBI. | p. 4607 (2002). In the Social Code, this isuded by § 144 (3)
and (4) SGB 11l (2003). For example, if the unemployed refuagob or an integration
measure for the first time, benefits can be blocked for threxksyesee § 144 (4) No. 1 ¢)
SGB 111 (2003).

Within the framework of the official evaluation of the Hartaws, these new rules
are analyzed by Mosley et al. (2006). The findings from casaiet$ and evaluations of
aggregate data are heterogeneous. In particular, the@ahdue to insufficient search
efforts by the unemployed are exercised very differentlyoaghEmployment Offices.
After an increase of total sanction impositions in the yesdtsr this reform, the level
stabilizes at about the pre-reform level for sanctions duadlation againssuitable job
rules Hence, the aim to impose more sanctions and establish dugbdity has not
been achieved so far. In a microeconometric analysis, M@tlal. (2006) use a random
growth difference-in-difference estimator to evaluate dffectiveness of the new sanc-
tion rules. They analyze data from the years 2001-2004 addjfiite varied impacts on
the integration into the general labor market and on theimtatlasting employment. For
the states of the former East Germany, the effect of sarectmds to be stronger than
for the states of the former West Germany. Unambiguouslitipeffects are reported
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only for women in the states of the former East Germany. Fewther groups, results
vary between significant and insignificant over the diff¢i@riods under consideration.
Altogether, the effect of the sanction changes can be assasgositive, but not consis-
tently positive. Standard models of benefit sanctions stadyctions in unemployment
benefits rather than the retention of benefits for some tiorapare Abbring et al. (2005)
or Lalive et al. (2005). Such sanctions will be addresseat.lat

2.2.5 New rules for continuing education

After having presented the demands towards unemployedergrive turn to the sup-
porting measures. One aspect of the support provided amsicentinuing education.
The accumulation of human capital and education has alwegs highly appreciated,
especially in countries like Germany which are poor in r@tuesources. The Hartz
Commission (2002) emphasizes the importance of continulngation on p. 158. Al-
though it is primarily seen as the task of the employer to attuhis workers on-the-job,
additional external education should further be providedhe Employment Offices in
order to avoid unemployment according to the Hartz Commis&602). The respective
rules were completely revised and simplified. The new pafzys 88 77-86 SGB Il
(2003) are promulgated by article 1 No. 14 BGBI. | p. 4607 (20@)e new concept,
for example, is that of education vouchers. Vouchers atedy the Employment Of-
fices and the workers can exchange them for a certified tguimieasure, see 8 77 (3)
SGB 11l (2003). The purpose of the vouchers is to increasadifeaccountability of the
unemployed and through certification, high quality staddahould be ensured.
Schneider et al. (2006) evaluate the effects of this reazgéion on behalf of the
government. They point out that the Employment Officesaré the harder selection
criteria for the assignment of the education vouchers fatinaing education on the one
hand and that the unemployed are now burdened with the chbme appropriate pro-
gram on the other hand. Regarding the effects of continuingattbn on employment
chances, two partial effects can be identified. First, duparticipation in the program
the search effort of the unemployed is lower, leading to @oesl employment prospects.
Second, the actual impact of the program appears aftergamrogompletion and is ex-
pected to improve employment prospects then. As a resealtdtination of continuing
education programs was decreased by the reform, hencedalh@ogram effect now sets
in earlier. Furthermore, Schneider et al. (2006) show thgileyment probabilities in-
crease for the treatment group (the program participamsjpared to the non-treated
group (the non-participants) after completion. Altogettige new rules concerning con-
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tinuing education are clearly more effective than the oldson

The treatment effects of continuing education on the domatif unemployment are
analyzed by Lalive et al. (2008) for data from the Swiss latarket. Comparing two
different estimators, they are not able to find evidencedbatinuing education reduces
the unemployment spell.

2.2.6 Support of older workers

With regard to demographic changes, the Hartz Commissiob2(2€onsiders it neces-
sary to support older workers in particular, p. 117. In thi®mas, this is taken into
account through several rules. First, if an unemployed &gedr older gets a job offer
with a lower wage than his wage before unemployment, the Bynpént Office pays a
part of this difference for some time. This is embedded biglart No. 43 BGBI. | p.
4607 (2002) in the Social Code as § 421 ] SGB 11l (2003). Sectrede should also be
an incentive for employers to hire older unemployed. Trareefthe part of the social se-
curity contributions normally paid by the employer is caeby the Employment Office
in such cases according to 8 421 k SGB 11l (2003). In the Bunelesigblatt, this change
is also declared in article 1 No. 43 BGBI. | p. 4607 (2002). Hoevrethis subsidy was
abolished in January 2008.

The official study of the support measures for older workersane by Zwick et al.
(2006). They don't find significant effects on the employmeances of the treated
unemployed (with support) compared to the non-treated pl@rad (no support), which
is, at least to some extent, ascribed to the poor knowledgeta@nd the rare use of these
instruments.

2.2.7 ‘Personal-Service-Agenturen’

In their report, the Hartz Commission (2002), p. 148, propdke establishment of so-
called ‘Personal-Service-Agenturen’ (PSA). PSAs work ehdlf of, though indepen-
dently of the employment agencies. They employ unemployedirtegrate them into
the labor market. Thus, PSAs are comparable to temporarjogmpnt companies: em-
ployers offer temporary jobs there, which are availableanee employees are on leave,
pregnant, or due to seasonal adjustments, for instancbislway, employers can search
for permanent workers also through the PSAs with the adganté being able to ‘test’
a possible worker to a certain extent. The primary goal of #&Athe integration of
unemployed in the first labor market. In the Social Code, thesrwith respect to PSAs
are recorded in 8 37c SGB IIl (2003) through article 1 No. 6 BGB). 4607 (2002).
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Furthermore, according to § 37c (1) SGB Il (2003), the PSagehto offer continuing
education to currently jobless workers.

Mosley et al. (2006) compare the outcomes of treated grougpsan-treated groups
using a Kaplan-Meier estimator. The findings are quite ssirgy: not only are PSAs a
rather expensive labor market instrument, but they are medfective. Created in order
to integrate unemployed into the labor market, they actuddicrease the probability of
leaving unemployment in the time period under considemnatio

As a consequence, the rules for PSAs were relaxed again 6. 2Bhployment
Offices are no longer forced to establish a PSA. Thus, it is pogsible to use this
instrument whenever it is considered helpful, which prasisnproved efficiency.

2.2.8 Competition between integration measure providers

In article 1 No. 43 BGBI. | p. 4607 (2002), anew 8§ 4211 SGB Il (3)@& promulgated.

According to this new paragraph, a competition betweenrpiatieproviders of labor

market integration activities is possible. Also, the comgaion of a provider can be
performance-based. This rule aims to increase the congume#imong those providers,
make their services more efficient, and lead to new ideaseroimg integration mea-
sures.

This labor market instrument is evaluated in the officiahfeavork by Mosley et al.
(2006). In a microeconometric analysis of the averagertreat effect (participation in
the new integration measure program) they identify fewedé@hces between the treat-
ment group and the control group, which did not attend to supihogram. Although
some positive effects of the program on the subsequent jodtido can be identified,
this rule is abolished by article 1 No. 64 BGBI. | p. 2917 (2008).

2.2.9 Controlling and bonus for good performance

In order to create an incentive for Employment Office agemfslace unemployed into
jobs, a performance-based bonus is proposed by the Hartz @sirom(2002) on p. 179
ff. This suggestion is realized by article 1 No. 36 BGBI. | p. 262002) in § 400a
SGB Il (2003). Furthermore, a controlling of local agerscand the newly established
PSAs should be made continuously, compare Hartz Commisg2@dRf, p. 187 ff. In
the Social Code, these rules are recorded in § 9 (2) SGB I11I3p80d 8§ 11 (3) SGB IlI
(2003) by the promulgation of article 1 No. 4 and No. 4a BGBI. #4607 (2002).
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2.3 Hartz ll

The Hartz 1l reform was actually the Second Law for Modernvi®ess on the Labor
Market. Like the First Law for Modern Services on the Laborrk#d, this package is
promulgated in BGBI. | p. 4621 (2002), and it essentially beeagfiective in 2003.
The most important changes referred to jobs without soei@listy contributions or with
reduced social security contributions.

2.3.1 ‘Minijob’

In order to reduce illegal employment, the so-called ‘Mobijis suggested by the Hartz
Commission (2002), p. 169. For these Minijobs, no social sgcecontributions or taxes
have to be paid by the worker. The employer also profits siegedys a flat percentage
of social security contributions and taxes. Such margiobs jalready existed before
the Hartz 1l reform, but with a lower wage of 325 Euros. Thetd&ommission (2002)
proposes a Minijob wage of 500 Euros per month, but 400 Euesstiae wage ultimately
accepted by the government. The relief of unemploymentrarmsie contributions with
respect to a marginally employed worker is stated in § 27 @B 31 (2003). Article 1
No. 3e BGBI. | p. 4621 (2002) embeds the wage of 400 Euros in § 373\%t) SGB
[l (2003). The termmarginal employmerdénd the corresponding wage are defined in
Social Code IV, § 8 (1) SGB IV (2003), which is adjusted by article 2 No. 3 BGBp. |
4621 (2002) to the amount of 400 Euros.

In the officially commissioned analysis, Fertig et al. (2Dféd in a panel data model
with fixed effects that the number of marginal jobs increasebistantially due to this
reform. Opponents of Minijobs criticize that these wouldwd out regular (part-time)
employment. However, Fertig et al. (2006) do not find evidefwr these objections as
with the data available to them, there was no econometrilysisapossible with respect
to this question. Nevertheless, the intended aim to buildidgb for the unemployed
into regular employment via a Minijob cannot be verifiedhert although movements
between Minijobs and regular employment can be observed.

2.3.2 ‘Midijob’

For an intermediate wage, social security contributionshefworker should increase
gradually from a lower level according to the Hartz Commisgi2002), p. 170. The
logic behind this idea is that a worker earning just slightlyre than 400 Euros should not

3SGB IV (2003) contains the common rules and specificationalfgarts of the Social Code.
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be burdened with the full contributions. Thus, through adijtib’ a (gradual) transition
into a regular job should be possible and more attractiveraguglly increasing social
security contributions. This intermediate wage is set betw400.01 Euros and 800
Euros by article 2 No. 5 b) BGBI. | p. 4621 (2002) in § 20 SGB IV (3R0Trhe amount
of the wage that is subject to social security contributifsam the worker’s perspective
results from § 344 (4) SGB Il (2003) and it is promulgatediiticie 1 No. 3d a) BGBI.

| p. 4621 (2002). In contrast to the worker, the employer noaster the complete
contributions without any reliefs in this intermediate wagnge.

Fertig et al. (2006) analyze the effects of the Midijob ruilaipanel data model with
fixed effects. They find that there would have been signiflgdass jobs in this wage
area without the new Midijob. Concerning net movements,etiveere more workers
unemployed before their Midijob than employed. Hence,ghgisome evidence to sup-
port the intended aim, namely the transition into employidn polls among firms,
most employers stated that the marginal employment refavomdd not change their
employment behavior, compare Fertig et al. (2006). At thmeesame, however, regular
employment decreased and marginal employment and tenypemgsloyment increased
between 2002 and 2004, suggesting a substitution effecinie £xtent.

2.3.3 Starting a business by an ‘Ich-AG’

The Hartz Commission (2002), p. 165, also proposes the cootdye ‘Ich-AG’ in order
to reduce illegal employment. Accordingly, unemployed keaws may receive monetary
support for three years when starting their own business. sTibsidy for the own busi-
ness is recorded in § 421 | SGB Il (2003) by article 1 No. 5 BGBp. 14621 (2002).
It amounted to 600 Euros, 360 Euros, and 240 Euros per monkteifirst, second, and
third year, respectively - and only if the revenues of theA¢h remained below 25,000
Euros per year. However, this rule was only temporary aneeéi July 2006. Today,
only the short-term unemployed can apply for support forrtoen business, see 8§ 57
SGB Il (2008).

Wiel3ner et al. (2006) evaluate the employment effects efdhibsidy. The likelihood
of not being registered as unemployed six months after stippgin is about 60 percent
higher for the treated group (the group with the own-businassidies) than for the
control group. Hence, this measure was indeed effectitieoadh the effectiveness of
reducing unemployment is decreasing over time.



2.4 Hartz Il 13

2.4 Hartz Il

The third reform package, the Hartz 11l Law, became effectivJanuary 2004. This law
is announced in BGBI. | p. 2848 (2003) and mainly changed the BIGB003).

2.4.1 Self-administration of the Employment Offices

According to the suggestions of the Hartz Commission (2002) Federal Employment
Office and all subordinate offices should change from buradiccagencies to market-
oriented service providers. In order to support the chatigerenaming of the Employ-
ment Offices is proposed, see Hartz Commission (2002), p. P28 names chosen are
‘Bundesagentur’ instead of ‘Bundesanstalt’ on the centxadlland ‘Agentur @ir Arbeit’
instead of ‘Arbeitsamt’ on the local level, compare artitlé&No. 4 BGBI. | p. 2848
(2003), for example, or article 1 No. 11 b) BGBI. | p. 2848 (2Q03his renaming
affected the complete German Social Code.

2.4.2 Simplification of labor market policy instruments

Some reform measures were introduced in order to facilitet@ise of labor market pol-
icy instruments and to reduce administrative work. For gXarjob creation programs
were simplified by the consolidation of several programs orie measure through arti-
cle 1 No. 153 BGBI. | p. 2848 (2003). This merge is proposed byHaez Commission
(2002) on p. 52. Furthermore, subsidies of wages for jolticreaneasures are no longer
percentage values, but flat rates depending on the educdtioe unemployed, compare
article 1 No. 144 BGBI. | p. 2848 (2003) and § 264 SGB IIl (2003).
Schiemann et al. (2006) analyze the survival function imupleyment for program par-
ticipants and comparable non-participants between 208@6@604. In this context, hav-
ing exited unemployment into employment means having agolaf least six months.
They find that the duration of unemployment tends to be higtwethe treated unem-
ployed than for the non-treated control group. Howeverstected groups and selected
regions in some years, there are also positive employmesatefdue to the measure.
Another labor market instrument are benefits for reducedkingrhours and other
transfer measures due to operational reorganization dfrtheor to avoid the dismissal
of employees or to make job-to-job transitions possibletiche 1 No. 120 BGBI. 1 p.
2848 (2003) creates the new 88 216a and 216b SGB IIl (2004¢hvdontain the rules.
The treatment effects of these measures are evaluated hgifehet al. (2006) based on
micro data. Because such programs already existed beforeftiren, they do not only
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analyze the effects of the program, but also compare th@mes with the impacts of the
rules before the reform. Schneider et al. (2006) can handtl/dny significantly positive
employment effects of the measures, emphasizing that ateyng analysis would be
necessary for a final assessment.

Finally, the monetary integration measures supportingutemployed with place-
ment difficulties were simplified and restricted. For theatled unemployed, support is
unchanged and remains@% of the wage, compare § 219 SGB Il (2004), while subsi-
dies for all other unemployed are at maximunmb6$, of the wage, compare § 218 SGB
[Il (2004). The paragraphs 217-219 SGB Il (2004) are chdnggarticle 1 No. 121
BGBI. | p. 2848 (2003) and the Hartz Commission (2002) suggbstsimplification of
active labor market instruments on p. 51 and the followinggsa
Zwick et al. (2006) analyze the effect of these subsidieherreatment group compared
to the pre-reform era and compared to the non-treated. Thdysignificantly positive
long-term effects among those who received subsidiesr thitee years, the fraction of
regularly employed is abo@0-40% higher in the treatment group than in the control
group. For the new rules in particular, they do not find evaeof better short-term em-
ployment effects than for those in the treated group in tleerpform period. There was
not enough data available for the evaluation of possiblg-tenm effects.

A broad survey of econometric methods for the evaluationotiva labor market
programs can be found in Heckman et al. (1999). These mettandbe used for as-
sessing the effectiveness of training, job subsidy, and@arch programs. The methods
addressed are the estimation of treatment effects by usengutcomes of a treatment
group and a control group, by using social experiments, ardilyg econometric models
based on the assumption that behavior is stable.

Saint-Paul (1998) provides a general equilibrium moderdeoto evaluate the mac-
roeconomic effects of active labor market programs on wagssmployment, and wel-
fare. By assuming that those programs are effective on theoegonomic level and in-
crease search effort of long-term unemployed, he analymesupport of those programs
by workers. He shows that workers favor active labor markegams if the probability
of getting unemployed is high and if the elasticity of labentand is high.

2.4.3 Changes in monetary benefits

The Hartz Commission (2002), p. 134, proposes a pooling oéfidsrin order to sim-
plify the rules and to reduce administration efforts. Comnssdly, extra payments for
professional training participants were abolished. Theyreow simply eligible for un-
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employment benefits, compare article 1 No. 62 BGBI. | p. 2848®32@&nd the new
88 116-119 of SGB Il (2005). Furthermore, article 1 No. 86 BGBp. 2848 (2003)
eliminates the old rules in 88 153-159 of SGB 11l (2004).

Other simplifications were the standardization of the dualy period for unemploy-
ment insurance benefits for all workers and a reduction ofithe frame for qualifying.
Articles 1 No. 65 and No. 66 BGBI. | p. 2848 (2003) state just onalifying period of
at least 12 months in the last two years before unemploynseapposed to the old §§
123 and 124 SGB Il (2003).

Simplifications were also introduced regarding social ggcoontributions of unem-
ployment benefit receivers. Now, a flat fraction2df% has to be paid, see article 1 No.
71 BGBI. | p. 2848 (2003), which changes § 133 SGB Il (2003).

The monthly exemption for extra income, that can be earnedidition to benefits,
is set to165 Euros in article 1 No. 73 BGBI. | p. 2848 (2003), whereas bef20&; or
at leastl65 Euros could be earned additionally, see 8§ 141 SGB Il (2008dhe area of
benefits and monetary sanctions, many more rules were ctiéaygbe Hartz 11l reform.
However, as these mainly concern details, we focus now ondkereform package.

2.5 Hartz IV

The last reform package from the Laws for Modern ServicesherLaibor Market was
the one which caused the most public discussion. The maiga ressed by the public was
the merge of unemployment benefits with social benefits fog4erm unemployed, and
consequently, the reduction of benefits for the average-temg unemployed individ-
ual* The termHartz IV became a synonym for this change and the perceived injustice
Nevertheless, the Fourth Law for Modern Services includederthan just this one mea-
sure. The rules for the long-term unemployed are removed tre Third Social Code
Book and the Second Social Code Book is created by BGBI. | p. 2848{2®romul-
gated in December 2003, the law came into force in 2005. Th&t mmgortant rules are
presented in the following subsections.

2.5.1 Flat unemployment assistance payments

The amount of unemployment insurance benefits did not chartge course of the Hartz
IV reform. Until today, these payments have remained at 60%eformer net wage

“Blos and Rudolph (2005) show that the benefits for long-ten@mployed actually decreased for a
majority of the recipients.
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for an unemployed person without children (67% for an uneygd person with at least
one child). However, the unemployment assistance paynaihishange. Before 2005,
these benefits were based on the former net wage. A long-teempioyed obtained
53% of the former net wage (57% if he had at least one chil@)8sE5 SGB 111 (2003).
Beginning in 2005, flat unemployment assistance benefits wmén@duced in a newly
created code book, SGB Il (2005). The basic amount, stat8®ih(2) SGB Il (2005),
is equal to the amount of social benefits: 345 Euros in thestat the former West
Germany and 331 Euros in the states of the former East Gernfsahgitionally, extra
payments are granted for children, partners, housing, eatiry costs. Health insurance
contributions are also paid by the Federal Employment QOffiae details and the exact
text of the law, see chapter 3 of SGB Il (2005), especially 8821, and 23 SGB Il
(2005).

This change is proposed by the Hartz Commission (2002) on & ii@rder to
simplify the administration of long-term unemployed andiabbenefit recipients. The
subsequent laws are promulgated in article 1 BGBI. | p. 295@3p0T his amendment is
the focus of chapter 3, where a comprehensive evaluatidrediénefit decrease is made
by means of a search and matching model of the labor market.

2.5.2 ‘Job-Centers’ as contact points

According to article 3 No. 3 BGBI. | p. 2954 (2003), newly crehtéob-Centers’ should

be the contact point for all job seekérgompare § 9 (1a) SGB Il (2005). Further-
more, § 44b SGB 1l (2005) establishes the foundation of teaitisn these Job-Centers
in order to fulfill their duties according to the Second Sb€ade Book, see article 1
BGBI. | p. 2954 (2003). As a reaction to these new rules, mangl laathorities sued

against the high financial burden and for their right to selfninistration, which they

saw restricted by this merging of communal and federal taskisb-Centers. In 2007,
the Federal Constitutional Court of Germany declared theorespility of Job-Centers

for both long-term unemployed and social benefit recipiaatsnconstitutional, compare
Bundesverfassungsgericht (2007), reference number 2 BvB/@4.3 According to the

judgment, the organization has to be restructured by thetad10.

5Job-Centers should serve as a contact point for job seekawvelhas for social benefit recipients in
order to merge administration.
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2.5.3 Suitable jobs

The basic principle ofupport and demanstated by the Hartz Commission (2002), p.
93, with respect to suitable jobs was already realized by-trst Law for Modern Ser-
vices on the Labor Market in the Third Social Code Book, seeeilzs 2.2.1. The
respective changes for the long-term unemployed followedugh the Fourth Law for
Modern Services on the Labor Market. Article 1 BGBI. | p. 2958(2) implements the
rules as 8§ 10 SGB Il (2005). For example, unlike the shoritenemployed, the long-
term unemployed must now accept, if necessary, significamtrse’ jobs than they had
before, see 8 10 (2) No. 2 SGB 1l (2005).

2.5.4 One-Euro jobs

Another much disputed rule concerns the job opportuniti&ted by article 1 BGBI. | p.
2954 (2003) as 8§ 16 (3) SGB 11 (2005). According to this rutd, ppportunities should be
created for unemployed who could not be placed into a reguitaiThe unemployed then
should get arappropriate allowancen addition to their unemployment benefits. Since
such an appropriate allowance often qualifies as one Eurweing hour, these jobs
are also calle®ne-Euro JobsHowever, such a low wage is considered inappropriate by
a broad spectrum of the population. Another debatable p®ittat workers with such
job opportunities no longer count as unemployed in the uheynpent statistics, despite
the fact that accepting such a job cannot actually be searcasssful integration into the
labor market. The number of workers employed in these joldppities has stabilized
at about 300,000 in recent years, see Bundesagantiéribeit - Statistik (2008).

2.5.5 Integration agreement

The Hartz Commission (2002), p. 75, proposes the assignniemttase manager to
each long-term unemployed person. One task of the case mraisadg create a contract
with the unemployed, like thtegration agreemenas established by the Job-AQTIV
Laws® in the Third Social Code Book. The contents of this contraduithe integration
measures and benefits provided by the Employment Office, hasvehe efforts to be
made by the unemployed, and it is refreshed after six moniln& aim is to create a
binding arrangement in order to activate the unemployeds déntract is established by
article 1 BGBI. | p. 2954 (2003) in § 15 SGB 1l (2005). If an uneoy®d refuses to

5The Job-AQTIV Laws were promulgated in 2001, see subse&tion.
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make this agreement, sanctions will be imposed accordigg3d (1) No. 1 a) and b)
SGB Il (2005).

2.5.6 Means tests for long-term unemployment benefits

Means tests for long-term unemployed had already existentdthe Hartz reforms, see
88 193 and 194 SGB Il (2003), but with the Hartz IV reform, tests became more
severe. For example, more of the accumulated wealth is nkentento account and a
smaller amount is left unconsidered, see § 12 SGB Il (200%) domplete rules are
given by 88 9 and 11-12 SGB Il (2005) and are promulgated ficlarl BGBI. | p.
2954 (2003).

2.5.7 Sanctions

The new laws of SGB Il (2005) also contain sanctions to redummmployment benefit
payments. The Hartz Commission (2002) describes them on pn@®n p. 101 and,
as a result, 8 31 SGB Il (2005) is implemented by article 1 BGBb. 12954 (2003).
For example, an unemployed individual loses 30% of benétits does not complete an
integration measure, see § 31 (1) No. 2 SGB 1l (2005), or 108¢ ifnisses reporting to
the Employment Office, compare § 31 (2) SGB Il (2005).

Abbring et al. (2005) analyze the effect of sanctions on tkie rates out of un-

employed in the Netherlands. For this purpose, they extejutb @earch model with
reservation wages and optimal behavior by a system of sasctiIn addition to the
reemployment rate, they estimate a sanction rate depemwdirgpservable characteris-
tics (selective imposition of sanctions) and unobservahbacteristics (endogeneity of
sanctions). They find that benefit sanctions increase se#fiath not only instantly due
to benefit reductions, but also permanently due to highecgdesd) monitoring.
Lalive et al. (2005) present a study about the effectivenélsnefit sanctions in Switzer-
land. Their setup is also a job search model accounting #origk of punishment when
not exerting enough search effort. In the econometric amgly alive et al. (2005) find
positive ex-ante (threat of sanctions) and positive ex-{8@ction actually imposed) ef-
fects of the sanction system on the exit rate out of unempémgmwhich confirms the
results of Abbring et al. (2005).
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2.6 Further changes before or after the Hartz reforms

In this section, two other labor market reforms, that werepaot of the Hartz reforms,
are presented. Some of the new rules are in line with the Hantzs, while others are
contradictory. The first laws considered are the Job-AQT&wk, which were enacted
before the Hartz reforms. The second law was establishedhagtds.

2.6.1 Job-AQTIV Laws

In the year before the appointment of the Hartz Commissian stircalledJob-AQTIV
Lawswere promulgated. These laws mainly changed the Third 5Goi@de Book in the
areasactivationandplacemenof the unemployed, as well as training and wage subsidies.
Two groups of changes are described here.

The first group concerns placement services of the Employ@#ices and the rela-
tionship to the unemployed. Under the new laws, all unengalgyersons have to sign a
contract with the Employment Offices, known as ihiegration agreement see article
1 No. 4 and No. 13 b) BGBI. | p. 3443 (2001). The contents of thigtiext are stated
by 88 6 and 35 SGB 111 (2002).

Another new concept was the cooperation with private joliserproviders, so more
efficient services and placements could be possible. ArfidNo. 15 BGBI. | p. 3443
(2001) introduces 8§ 37a SGB Il (2002) in a corresponding meanIf the agency de-
cides to outsource job services to private providers, tlenpioyed can only decline for
an acceptable reason. An unemployed individual, on the ditwed, has the right to get
private services when still unemployed after six months.shiyp et al. (2006) analyze
the effects of private placement services according torthies using micro data. They
find few differences between the treated (those with prigéieement services) and the
non-treated grodjwith regard to the exit rate out of unemployment. Moreoves, ésti-
mated Kaplan-Meier survival function in unemployment @ tion-treated control group
even lies slightly below the survival function of the tretgroup. Mosley et al. (2006)
also find that the job duration of a placed worker is longerawerage, for the control
group than for the treated group. Ultimately, the rule wigkpect to private services is
abolished by article 1 No. 16 BGBI. | p. 2917 (2008).

The second group of changes refers to wage subsidies, ohveleieral were ex-
tended or newly established. For example:

"For more details, see subsection 2.5.5.
8The non-treated group is a control group which gets placésamices exclusively from the Employ-
ment Offices.
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» The wages of unskilled workers are subsidized if the emplayt contract con-
tinues during continuing education, compare article 1 Na.BGBI. | p. 3443
(2001).

* New subsidized job creation measures are introduced,reled No. 98 BGBI.
| p. 3443 (2001).

» Wage subsidies for handicapped juveniles are enactedibiedr No. 60 BGBI. |
p. 3443 (2001).

» Continuing education rotation: during continuing edumatof a worker, the em-
ployer can hire an unemployed person and obtain wage sebdidim the Em-
ployment Office, see article 1 No. 67 BGBI. | p. 3443 (2001).

» Support of older workers: the Employment Office pays cauitig education mea-
sures if the employment contract continues while an oldekerdas getting trained,
compare article 1 No. 114. BGBI. | p. 3443 (2001).

2.6.2 Changes in the benefit entitlement duration

Along with the Fourth Law of Modern Services on the Labor Marlanother reform of
the Third Social Code Book is promulgated in article 3 No. 2 BGRI. 8002 (2003). It
concerned the entittement duration of unemployment instgg@ayments.
Under the previous rule, unemployment insurance benefite pad for a maximum of
12 months, see § 127 (2) SGB 11l (2003). From 45 years of ageoltet, and depend-
ing on the number of months unemployment insurance cotitoixs had been paid, the
payments could be longer, up to 32 months for a 57-year-oltaevoln February 2006,
the rule changed especially for the older unemployed, coengaicle 3 No. 1 BGBI. |
p. 3002 (2003). The maximum entitlement period was 18 maoiatha worker aged 55
years or older. However, because this was judged as too hgrte public and policy
makers, the maximum entitlement length was changed once mdanuary 2008. Un-
der the current rule, an unemployed person that is at leagea old is eligible for a
maximum of 24 months of unemployment insurance paymenes8sE7 (2) SGB I
(2008) for details. Figure 2.1 illustrates the changes inimam Ul benefit entitlement
depending on the age of the unemployed over recent years.

The duration of unemployment assistance payments did rastgehwith the recent
modifications. As long as he searches for a job and passesimestest, an unemployed
person receives unemployment assistance benefits.
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Figure 2.1: The developments in the maximum entitlemenatitm of Ul benefits for
different age groups. Sources: 8 127 (2) SGB 11l (2002)¢ckrt3 No. 1 BGBI. | p. 3002
(2003), and article 1 No. 7 BGBI. | p. 3245 (2007)

2.7 Further developments and concluding remarks

The previous sections outline the labor market reforms im@ay between 2001 and
2006. Many of the amendments are based on the proposals efaitie Commission
in order to decrease unemployment and restructure bothetier&l Employment Office
and the local Employment Offices. This very broad and extensform project was
enacted within about two years, which is quite a small tinaene for such far-reaching
changes.

This impression strengthens as formal shortcomings wesealed over time by a
steadily increasing number of legal actions, especialgjresj the Hartz IV benefit rules.
The successful lawsuit against the benefit rate for childfelong-term unemployed,
as well as the unconstitutional form of administration ib-Ifenters are examples that
attracted considerable public attention. Therefore,nti@l resentments in huge parts of
the German population could not be curtailed and still evaigoing discussion.

However, some rules established by the reform were alreadged again in the
meantime. For instance, the entitlement duration for thempioyment insurance benefit
was extended again for older workers beginning in 2008 arempfoyment agencies
no longer have to create PSAs. Hence, legislature has astifidd the necessity for
corrections and improvement.

While there is still a wide range of opinions in society refiegthe mixed and diverg-
ing feelings about the amendments to the labor market lames neay wonder whether
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the reforms at least had the desired economic effects. Tdpectve evaluations offi-

cially commissioned by the German government provide bgtreous results. Many
measures show a partial positive effect on employment arglagmment prospects, like

the changes in continuing education, the new rules for I&8sAr the more flexible sanc-
tions. However, some new rules had no or even negative impsicth as job creation
measures or PSAs.

In the next chapter, the implications of two specific and wamgortant reform measures,
namely of decreasing UA benefits and decreasing Ul benefitesnént duration, are

analyzed within a search and matching framework. In this, wagycan assess the mi-
croeconomic effects of these changes as well as the impadtsefeconomy as a whole.



Chapter 3

Unemployment benefits, distribution,
and efficiency!

3.1 Introduction

Continental European unemployment is notorious for itsipensce. France, Italy, and
Germany have had rising unemployment rates from the 196@s 8000 and even on-
ward. There seems to be a consensus now that a combinatibnakssand institutional

arrangements lies at the origin of these high unemploynaesr(Ljungqvist and Sar-
gent, 1998, 2007a, b; Mortensen and Pissarides, 1999; Blasheimd Wolfers, 2000).

Neither institutions nor shocks alone can explain the nsgnemployment: institutions
have always been there, but unemployment has not - at leat this level - and shocks
have hit many countries, but not all countries have high yleyment rates. The step
from this shock-institutions insight towards finding a smn to the European unemploy-
ment problem seems to be short: as shocks will always be, timstéutions have to be
addressed. A common suggestion is therefore to reduce lhgenerous unemploy-
ment benefits.

Is this advisable? Should the length and level of unemplamgrienefits be reduced in
order to reduce unemployment? Finding an answer makes oaeafelassic efficiency-
equity trade-off. While reducing unemployment per se is hiera the income of the
unemployed and the insurance mechanism implicit in uneynpémt benefits should not
be neglected.

The aim of this chapter is to examine qualitatively and quatntely the employment

1The model and the estimation described in this chapter asedoban a paper written together with
Andrey Launov and Klaus \Alde, compare Launov et al. (2009). Section 3.10 shows miyithal con-
tributions in detail.
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and welfare effects of a policy reform which reduces the fleraond level of unemploy-
ment benefits. Germany is used as an example of a continantab&xn country since
the labor market reforms implemented in 2005/2006 comgrizeth the reduction of
benefits and the cut of the entitlement durati@nd because the German unemployment
benefit system has a typical two-tier structure as many @B£2D countries. Unemploy-
ment insurance (Ul) payments before the reform were paid fariod of 6 to 32 months
followed by unemployment assistance (UA) payments, thergiotentially lasting up
to infinity. The experience of Germany with rising unempl@&mhrates over decades is
shared by many other countries and, similarly to Germanp0522006, many countries
did reduce length and level of unemployment benefits in otdexddress the issue of
high and persistent unemployment, compare OECD (2004).

The Hartz IV reforms have introduced two main modificatiofgst, the UA pay-
ments, formerly proportional to net earnings before thelgsls, were replaced by a uni-
form benefit level. The effect of this new rule on the incoméonig-term unemployed
workers was ambiguous. There were unemployed whose beagfitgnts were lower
before 2005 than after the reform, mainly unemployed warleam the low wage sec-
tor. Those were the ‘winners’ of the reformi7(percent of long-term unemployed). On
the other hand, there were also long-term unemployed wigtively high wages before
entering unemployment. These were affected negativeliidnéw law and their income
has droppedi3 percent of long-term unemployed). Despite the shares afrieis’ and
‘losers’ are roughly equal, the gain of the winners has tdroet to be lower than the
loss of the losers, leading to a loss of the average long-teremployed of about%
due to Hartz IV (Blos and Rudolph, 2005; OECD, 2007). Secondwfrkers who en-
tered unemployment from February 2006 onward, the maximuratehn of entitliement
to unemployment insurance payments was reduced to 12 monthserage (formerly,
14 months was the average).

At first sight, the reforms seem to have worked. The reportegmployment rate
dropped between 2004 and 2007 frath5% to 9.0%. On the other hand, also growth
rates in Germany were comparatively high during this perihile the German econ-
omy shrank in 2003, it had recovered in the following yeard probably also created
new jobs. Given this background, we are left with at leastehguestions: did the re-
forms reduce unemployment and increase output? Did thegase the welfare of the
unemployed and/or employed workers? Did they increaseaku@lfare or expected
utility? In short, the findings of this chapter suggest thagtpreform unemployment ben-

2In the following, we refer to these reforms as the Hartz I\orafs since this term became a synonym
in public especially for these two amendments.
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efits did not reduce the insurance mechanism of UA paymentsiiech and improved
the incentive effectd.

These conclusions are reached by using a model which combar®us strands of
the literature and adds some new and essential featuresnexajesquilibrium match-
ing framework is extended by duration-dependent unempémgrbenefits, endogenous
job search effort, risk-averse households, an exogenped &ffect’, and Semi-Markov
tools. Each of these extensions is crucial. The duratiore@pnce of unemployment
benefits in our model is important as this is a feature of ladlgiall OECD unemploy-
ment benefit systems. Letting agents optimally choose #fért to find a job, the
incentive effects of (reforms of) the unemployment bengBteam on the search intensity
can be analyzed. In a framework with risk-averse househaldscan also evaluate the
insurance effects of benefits for long-term unemployed. Jgedl effect allows to obtain
- depending on how fast it sets in - rising, falling, or huniyased exit rates. Finally,
tools from the Semi-Markov literature are required in orededuce the unemployment
rate from individual search. We can thereby compute maoro@uic efficiency effects
resulting from microeconomic incentives.

Optimizing the values of the labor market agents providesitistheir Bellman equa-
tions, which are differential equations that can be solvemerically. Optimal behavior
implies an exit rate into employment which is a function af thme spent in unemploy-
ment. Thereby, a flexible endogenous distribution of unegmkent duration is obtained,
which we employ to determine the structural model parameterMaximum Likelihood
estimation.

The main theoretical contribution of our analysis is theliexgdreatment of the Semi-
Markov nature of optimal individual behavior due to the prese of spell-dependent un-
employment benefits: optimal exit rates do not only dependvbether the individual
is unemployed (the current state of the worker), but alsoam long an individual has
been unemployed. While this Semi-Markov aspect has beenrkfioma while, it has
not been fully exploited so far in the search literature.ngsgiesults from applied math-
ematics, analytic expressions for individual employmewobpbilities contingent on the
current employment status and the duration of unemploycenbe derived. They allow
us to compute aggregate unemployment rates using a lawge farmbers in this pure
idiosyncratic risk economy. Given this link from optimabimidual behavior to aggre-
gate outcomes, the distribution and efficiency effects @ingjes in level and length of
unemployment benefits are analyzed.

The main empirical contribution is the careful modeling it €ates into employ-

3However, it will turn out that the reforms did not lead to adtarimprovement.
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ment. Individual incentives due to falling unemploymenné#ts imply more search
effort and therefore higher exit rates over the unemploytrspell. Empirical evidence
shows, however, that exit rates tend to fall - at least aftenesinitial increase over the
first 3-4 months of unemployment. We therefore combine iddi@l incentive effects

with an exogenous time-decreasing spell effect and wittbsexved heterogeneity. As is
well known, the latter implies inter alia falling aggregatet rates even though individ-
ual exit rates are rising or constant. Our structural egtonaesults then establish the
importance of the duration effect and the unobserved hgterity effect. We find that
the model can replicate empirical stylized facts of firstwgsand then falling exit rates.

The main policy contribution is the emphasis and structestimation of the trade-off
between insurance and incentive effects of labor markétipsl The degree of risk aver-
sion - crucial for understanding the insurance effectsoirgtly estimated with exit rates,
the spell effect, and other model parameters. A comparstate analysis using the esti-
mated version of the theoretical model then allows to dggreeise predictions about the
employment and distribution effects of changes in the lergid level of unemployment
benefits.

The model of this chapter is related to various strands ofittv@ture. From a theo-
retical perspective, it is built on the search and matchiagneéwork of Diamond (1982),
Mortensen (1982), and Pissarides (1985), recently sudvbyeRogerson et al. (2005).
Duration-dependent unemployment benefits and endogeeaushsintensity have origi-
nally been analyzed by Mortensen (1977) in a one-sided jalceemodel. Equilibrium
search and matching models include Cahuc and Lehman (2000 raariksson and
Holmlund (2001)* These models, however, are less powerful than our modepilaiex
ing the anticipation effect of the reduction in benefits, ®&i$ tes within each benefit
regime are constant. There also exists a substantialtiireréhat studies optimal insur-
ance allowing for an arbitrary time path of unemploymentdjgmpayments, for exam-
ple Shavell and Weiss (1979), Hopenhayn and Nicolini (1967 5himer and Werning
(2007). The focus of this chapter is more of a positive natiyieg to understand the
welfare effects of existing systems which have a simpleebestructure than the ones
resulting from an optimization approach.

4Albrecht and Vroman (2005), as well as Coles and Masters7(2@i8o have duration-dependent un-
employment benefits, but they do not analyze the implicatfonindividual effort. Albrecht and Vroman
(2005) focus on the equilibrium wage dispersion and inefficjob rejection. Coles and Masters (2007)
model aggregate uncertainty, which leads to implicit tfarssbetween firms and a stabilizing effect on the
unemployment rate over the business cycle.

5Acemoglu and Shimer (1999) do consider a general equilibrinodel, but their setting is restricted
to time-invariant benefits only.
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From an empirical perspective, we estimate a parametriatidmr model, in which
duration dependence of the hazard function due to norestaty benefits is fully de-
scribed by the equilibrium solution of our theoretical moti&conometric models with
duration-dependent benefits have originally been estoinayevan den Berg (1990) and
Ferrall (1997). Van den Berg et al. (2004) and Abbring et al. (2005) extend ¢tting
by introducing non-stationary benefits due to monitoring aanctions. In contrast to
our model, this literature deals with one-sided job seanttich makes application of its
estimates in a general equilibrium analysis rather diffictd addition to that, a focus
on incentive effects is only partial with the insurance etferemaining largely unad-
dressed. There also exists a larger empirical equilibrieanch literature that deals with
unemployment benefit heterogeneity (Bontemps et al., 19@3¢rogeneity in workers’
abilities (Postel-Vinay and Robin, 2002), and heteroggnaitvorkers’ values of non-
participation (Flinn, 2006). Unlike in our model, howevagne of these contributions
views heterogeneity as being a result of duration deperdenc

Finally, Semi-Markov methods are taken from the appliedhaatatical literature,
see e.g. Kulkarni (1995) or Corradi et al. (2004), in orderdtedmine transition proba-
bilities of labor market states and the steady state digtab.

The structure of this chapter is as follows. Section 3.2 gmess different strands
of literature in more detail. In section 3.3, the theordtimadel, institutional setting,
behavior of supply and demand sides, as well as the combimafiboth in economic
welfare are pointed out. Section 3.4 describes the equitibproperties of the model.
Section 3.5 illustrates the structural estimation and thdedying data. The simulation
results are discussed in three subsequent sections: rs&@icshows the results from
the pre-reform steady state, section 3.7 evaluates thetefiéthe German labor market
reforms in 2005 and 2006, as well as alternative policy stesieand section 3.8 analyzes
partial insurance and incentive effects of UA benefits. lymaection 3.9 concludes.

3.2 Different strands of literature

This section gives an overview of literature related to theelel we will develop in this
chapter. First, we begin with an introduction to labor markedeling. Second, basic
articles with respect to related econometric issues argepted. Finally, some more
general analyses having either some interesting modelrg=abr trying to find answers
to questions similar to ours are discussed.

6See Lancaster (1990) for a comprehensive introduction.
’See also Eckstein and van den Berg (2007) for a literatuiewssn non-stationary empirical models.
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3.2.1 Basics of modeling

In his seminal paper, Mortensen (1977) analyzes the jolckadacision of an unem-
ployed worker who chooses search intensity optimally. Ia thodel, an unemployed
worker searches until he gets a job offering a wage highertisreservation wage. This
reservation wage is affected by the alternative income keweile unemployed (unem-
ployment benefits). The crucial point of this work is that &kts exhaust after a certain
unemployment spell. So, if the benefit level increases etlaee two effects: i) insured
unemployed become choosier with respect to the wage theypgdcee. the reservation
wage increases, but ii) non-insured unemployed searclehasdthey want to become
eligible for the (now) higher benefits again. The total efistherefore ambiguous and
it is not generally clear which of the partial effects is tlwgrdnating one. Consequently,
one can not say whether unemployment will decrease or iseréae to higher benefits.
The work of Burdett (1979) is similar. He constructs a job skanodel with unem-
ployed choosing their search effort optimally and with rgagon wages, extended by
on-the-job search. In an unemployment insurance systemextausting benefits, Bur-
dett (1979) shows that the reservation wage decreases archffort increases over
the unemployment spell until the benefit drop is reached a/tiex benefits stay constant
equal to zero. Hence, although the incentive mechanismeafitiemployment insurance
system with exhausting benefits is very similar to the micoo@mic part of our model,
the analyses by Mortensen (1977) and Burdett (1979) areapastithey ignore job sep-
aration into unemployment, wage determination, and maomamic effects. Also, the
analysis is of a theoretical nature and no empirical testagiged.

In a job search model, Burdett and Mortensen (1998) explareistence of wage
dispersion in an economy where both employed and unemplogeders search for new
jobs. Firms search for new workers by posting wages and we®mkait for the job offer
to arrive. In this framework, the reservation wage of theraplyed can be derived,
i.e. the minimum wage which makes a job as attractive as ulogment. If the wage
offered exceeds the reservation wage, an unemployed adtepjob. Furthermore, the
reservation wage can be used to determine the steady seatgloyment rate. Employed
workers, on the other hand, search on-the-job for new offiedsswitch the job whenever
a higher wage is available. In this way, an equilibrium wagpersion can be explained
in a framework with ex-ante homogeneous workers. In cont@®ur model, there
is no explicit search intensity decision of the unemployedhie model of Burdett and
Mortensen (1998). In addition, by the one-sided wage pgsifrthe firm, the influence
of a worker on wage determination is completely neglected.

The Pissarides (1985) article is an important contributaomatching literature, in
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which he explains labor market dynamics following exogenoutput shocks. In the
basic matching model, unemployed workers and vacanciestind each other imme-
diately, but face a probability of meeting each other, sodlae search frictions in the
labor market. When an unemployed worker and a firm with a vacareet, they bargain
over the wage by splitting the cumulative surplus of the maRissarides (1985) shows
that labor market tightness, wage, and reservation pradlygump to their new equilib-
rium and steady state values immediately after informatioparameter changes, while
unemployment adjusts gradually. However, although theehfid the general predic-
tions and stylized facts of the time series data, it ovarests the quantitative effects.
There is no empirical test in this article, but the model hesrbthe basis for many fol-
lowing empirical and theoretical analyses and to some éxiso for our model in this
chapter.

Moffitt (1983) explains the observation that many eligibhelividuals do not par-
ticipate in benefit programs by a stigma effect of benefitpgoa. The acceptance of
benefits might lead to less self-respect and therefore tdility resulting from partici-
pation in welfare programs. Moffitt (1983) models this asption and performs a test
with data from the ‘Aid to Families with Dependent Childremogram. He finds that
this stigma is caused by the mere reception of benefits antdyntite amount once the
individual is in the program. However, it is more likely thafperson participates, the
higher the potential benefit is. Also Blumkin et al. (2008) lgpa a social stigma ef-
fect. The stigma effect in their model is attached to beneéipients by society, which
suspects that a recipient might be undeserving and coulilfctare for himself. As
society is not able to distinguish deserving from undeseyvecipients directly, there is
a statistical branding as undeserving. This public opincmmbined with a public ex-
posure connected with the reception of benefits (the radipias to go to the welfare
agency and can be seen by neighbors, for example), genst@es costs that reduce
utility derived from consumption. Like in Moffitt (1983), ¢éhstigma effect in the model
of Blumkin et al. (2008) directly enters the utility functiomhe spell effect in the setup of
our model might, among other things, also reflect a socigirsti As the name ‘spell ef-
fect’ already suggests, this effect captures remainingttan-dependent influences other
than the search effort of an unemployed. For example, alsigana may lead to an in-
creasing spell effect over the unemployment duration sumemployed become more
and more ashamed of their situation and try harder to find .aJobh a behavior causes
the exit rate to rise over the unemployment spell.

Furthermore, one may think of an employer stigma: employeag perceive a long
unemployment duration as a signal and therefore prefer plugied having smaller un-
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employment spells. Such a stigma is analyzed by Vishvari#i@9) in a setup where
job offers arrive randomly at unemployed. With a certainigadaility, the match is then
actually realized. A job offer is connected with a wage drdvam a wage offer distri-
bution. A firm knows the unemployment history of the applicand offers on average
a lower wage to an unemployed the more job matching failueesas had before. The
unemployed, in turn, knows this relationship and detersiiris reservation wage so that
it decreases over the unemployment spell. Vishvanath (1888&ws further that, given
the usual specifications of wage offer distributions, th# ete out of unemployment
depends negatively on the length of the unemployment sipethis way, falling hazard
rates out of unemployment can be explained by true duratependence due to sta-
tistical discrimination of unemployed with longer duratoby firms. The drawback of
this setup with respect to our model is that the individuatslonly decide about the
reservation wage and not about search effort, since seasth are exogenously given
in Vishvanath (1989). Furthermore, no bargaining aspedts igspect to the wage are
considered and the exogenous wage offer distribution ogfhedds on how often an ap-
plicant failed to form a match in his unemployment historpwéver, the spell effect in
our setup, which captures all duration-dependent effedkisencing the job arrival rate
other than the search effort of an unemployed, might alscesgmt a kind of employer
stigma. As it is not clear whether this spell effect decrsamgt from the start, is hump-
shaped, or even stays constant over the duration, it isfsgzeai a flexible way in order
to fit the form implied by the data.

Albrecht and Vroman (2005) analyze the effects of time-wvayynemployment ben-
efits in a wage-posting search model. Individuals with d#feé amounts of benefit will
have different reservation wages and therefore accemrdiif wage offers. A two-tier
unemployment benefit system, for example, leads to a twotpage distribution. There
will be high wage offers, which will be accepted by all uneoy#d, and there will be
low wage offers, only accepted by those with low benefits. UBations show that the
increase of the high benefits leads to a lower reservatiore wath for the high and the
low benefit group due to re-entitlement incentives. Howgewexrge dispersion in this
model leads to inefficient job rejection, so a declining Brseheme is not optimal in
this framework. Our model is a matching model with wage baigg and not a search
model with wage posting. However, we also consider a dexifienefit system and
additionally, we explicitly model search effort and itsesfts on the individual job arrival
rates. Finally, we estimate our model parameters struttiaad do not have to choose
parameters ‘arbitrarily’.

A search model in a non-stationary environment is desciiibedn den Berg (1990b).
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In a structural model, it is shown that the reservation wdgenges over the unemploy-
ment spell. These changes are induced by altering exogemaaasles, which affect the
value of being unemployed, like non-stationary benefitb, garival rates, or the wage
offer distribution. However, van den Berg (1990b) does reitonsider the possibility
of job loss in his model nor wage-setting mechanisms, angamtaus job arrival rate, or
macroeconomic effects. All these aspects are includedristouctural model.

The nature of wage determination in our setup is wage bargplvetween the firm
and the worker after they have met and later, in subsecti®r2,3we will provide an
explanation why. However, at this point we will present tledaining approach and
alternative methods of wage determination from the liteat For more detailed de-
scriptions see Mortensen (2007), Mortensen and Nagyp@l7(2@nd Hall and Milgrom
(2008).

» Nash bargaining

In general, two possibilities arise when a firm and a workeetmthey break off
negotiations or they find an agreement. The threat pointofibrker is his outside
option U;, i.e. the value of staying unemployed. Upon agreement, tbikev
receives the current wage plus the continuation value gbthev; + V;. The value

of the firm is P, when producing and the outside option is zero, i.e. zerotprofi
from opening a vacancy. In total, the prospective surplusragatch isP; + V; — U,.

It will be divided according to a sharing rule or bargainingyer 5. Hence, the
worker’s value is his threat point valdé plus the fraction3 of the surplus,

w; + Vi = Ui + B[P+ Vi = Uj] < w; = 8P, + [1 = 3] [U; — Vi].

If workers have no bargaining power, then= 0 and the firm posts the wage
exactly equal to the reservation wage,+ V; = U;.

« Strategic bargaining

In general, there are three possibilities when a firm and &evaneet: they break
up the negotiations, delay bargaining, or find an agreemientontrast to Nash
bargaining, bargaining here can last some periods withreiteg bids and coun-
terbids. Delaying the negotiations in a period results sBagreement payoffs of
unemployment benefits for the worker and vacancy expensesydbr the firm.
Abortion of the negotiation results in outcoréor the firm andl; for the worker.
With probability 9, bargaining is broken up. Productivity changes with traoisi
probability ; ;. Then, there are two indifference conditions,
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1w+ Vi=0U;i+[1-6] [z + 1—}H Soo i (W) + Vir)]
if the firm proposesv; and the worker accepts,

2. Pi—wj=[1=0] [=7 + g5 X5 miwr (P — wi)]
if the worker proposes); and the firm accepts.

If the firm can bid first, it will offerw; from the first indifference condition, which
is the wage in the equilibrium and immediately accepted. dtlogless, the wage
is higher than in a Nash equilibrium because the power toydéla negotiation
provides the worker with a higher surplus.

However, if there is no possibility of delaying negotiasot = 1, then the threat
points in both bargaining models are the same.

* Infrequent wage bargaining

Let wages depend on the productivity of the match. Nash b@rngamay not occur
in the instant of productivity changes, but infrequentlyhwPoisson rater. At the
moment of a productivity shock with new productivitythe Bellman equation of
the firmis

rdp (W) =p—w— sy (w) +al), = Jp (w)].

J, (w) is the value of the firm with wage from the last negotiation), is the value
after the renegotiation of the wage, which occurs with Rwisatea, with new

productivity p. Hence, the value of the firm depends on the changing praahycti
Infrequent bargaining leaves the Nash wage equation ugeian

* Island matching

Suppose there are different secluded labor markets (dslarwithin the frame-
work of island matching. One vacancy and one unemployed ognhke in one
labor market at any point in time. These sub-labor marketampetitive. Either
there are more workers than jobs, which leads to a wage eg|tlaétreservation
wage and unemployment in that market. Or there are more udos workers,
which implies that the wage is equal to productivity and ojms exist in that
specific market.

Models like the ones just considered above form the bastseoffartz 1V evaluation
in this chapter. A broad review of search and matching madejgneral can be found
in Rogerson et al. (2005).
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3.2.2 Basics of estimation

In estimation literature, there are two major strands: tbe-structural and the struc-
tural econometric analyses. The non-structural apprcaepely empirical matching
techniques, the evaluation of average treatment effentisgdéference-in-difference esti-
mations, for example. The advantage of such a proceedihgtishte complete effects of
a reform measure can be evaluated very specifically. Stéket are also several disad-
vantages of these approaches. First, when choosing thedudis of the control group,
it has to be clear that the individual from the treatment grand the one from the control
group are statistical twins, which means that there musob&mer important difference
between them except for treatment and non-treatment. 8ewdth such a non-structural
approach only an already realized measure can be analydgutedictions with respect
to policy changes are not possible. Third, on the basis &fetleeonometric estimations
only conclusions on microeconomic level are possible. ldemee prefer a structural
approach for our analyses, as also alternative policiesldhae simulated and macroe-
conomic effects are considered.

In the following, some basic econometric work is presented related to our model
estimated in this chapter.

An empirical analysis on the basis of a reduced-form searotieiis provided by
Lancaster (1979). In this work, several estimation methardspresented by establish-
ing possible specifications of the hazard rate and liketihfomctions using the duration
densities and distributions. To some extent, this analgdise starting point for hazard
rate and unemployment duration studies. Also the desigheofikkelihood functions in
the estimation of our model is based on the ones from Lanc@€f&9). A broader and
more detailed introduction to the analysis of transitiod daration data can be found in
Lancaster (1990).

With respect to the analysis of hazard rates of leaving uth@ynpent, there is ongoing
discussion whether they are truly duration-dependent atlndr the observed variation
stems from unobserved heterogeneity among the unempldyeae duration dependence
would arise from incentive effects of non-stationary beegfor example, and be an issue
of theoretical economic modeling, therefore. On the otladh it is plausible that some
unemployed find a job more easily than others for a reasonhnikioot observable by
econometricians. Those unemployed would have a higheragibut of unemployment
than other unemployed. The exit rate for the individualshhtgen in reality be constant
over the individual unemployment duration, but differenmtaang unemployed. Not con-
sidering this heterogeneity then leads to a misinterpogtats duration dependence. Due
to the unobservability, such a heterogeneity is more a matteconometrics rather than
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economic modeling.

In our model, however, we consider both sources of duratepeddence. True state
dependence is allowed for by duration-dependent modelirjgbosearch effort of an
unemployed individual in a world of non-stationary beneéiyments like in Mortensen
(1977) and by the spell effect described above. Unobsergttdgeneity is included in
the likelihood contribution of the unemployed. Those unkaygd who left unemploy-
ment before the benefit cut may have had an incentive to dodstharefore a higher exit
rate level. Such an incentive can be found in the means téwradfits for long-term un-
employed. Before becoming eligible to those benefits, cohgrsive information about
the income situation of an unemployed is collected. We asdinat unemployed them-
selves know right from the start whether they would pass tkams test or not, while
we do not. It is then plausible that those who know that theuld/dail, have a higher
exit rate out of unemployment. Altogether, in this way weagot for true duration de-
pendence and for unobserved heterogeneity. In the follpveome econometric studies
are described, addressing either true duration dependencbserved heterogeneity, or
both.

Heckman and Borjas (1980) deal with the question whether dingber of previous
unemployment spells and their duration positively affettife unemployment probabil-
ities. Based on stochastic process theory, they considdolibeiing different types of
state dependence: i) the transition rate depends on thearuwhlbinemployment spells
experienced before, what Heckman and Borjas (1980) calliwmence dependence’, ii)
‘duration dependence’, where the transition rate to a jgieedds on the current unem-
ployment spell duration, and iii) ‘lagged duration depemzi, where transition rates de-
pend on previous unemployment spell durations, e.g. if petdty loss due to missing
work experience is expected by employers. In this framewirdy test the two possi-
ble explanationsrue state dependena@rsusuncontrolled heterogeneityTo this end,
an introduction to Markov processes is given and extenddtddifferent types of state
dependence first. With the derived distribution functidhege different tests of true state
dependence can be performed: a conditional exit timesdestccurrence dependence,
a regression test for all kinds of state dependence, andMamiLikelihood (ML) tests.
For their dataset, Heckman and Borjas (1980) do not find eeeléor any of the three
state dependences, once considering sample selecticanudeeterogeneity bias. In our
econometric analysis, duration dependence is taken imiouat and specified in a way
that it can also be constant, i.e. no duration dependendé &tence, the specification
of the duration dependence intrinsically contains a testuphtion-dependent exit rates.
The results based on data from the German Socio-Economigl Batabase (GSOEP)
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provide evidence for the existence of true duration depecelén the way that the exit
rate increases over the first months of unemployment anedses afterwards.

True duration dependence and unobserved heterogeneitpaselered by van den
Berg and van Ours (1994) in a non-parametric and non-stalottary by specifying the
exit rate out of unemployment by a mixed proportional haZarcttion. This function
contains a component for each of the featulesation dependencandunobserved het-
erogeneity The estimations are run with quarterly data from FranceaGBritain, and
the Netherlands and the results are inhomogeneous for fileeedit countries and dif-
ferent sexes with respect to duration dependence and wsffece to the existence of
unobserved heterogeneity. However, the findings show tbit éffects should not be
neglected. In our model, we also account for true duratigreddence and unobserved
heterogeneity. The advantage of our approach is that threagin is based on a struc-
tural model, which allows to evaluate different policiesmitroeconomic as well as on
macroeconomic level.

The search model of Abbring et al. (2005) has already beeriomea in section 2.5.
They study the effects of benefit sanctions and monitoringlm&earch behavior in the
framework of a job search model. Both the job-finding rate &eddenefit-sanction rate
depend on the search intensity of the unemployed. By optimittie values of the un-
employed, they derive optimal search behavior, the resernvevage, and hazard rates of
leaving unemployment. The estimation of the model with diata the Netherlands pro-
vides evidence for two effects of sanctions and monitoripthie ex-ante effect, meaning
that the level of search intensity is higher even if no samstiwere imposed yet due to
the mere existence of sanctions in the benefit system, atlakeiigx-post effect, which
means that search intensity increases at the moment a@aisinposed. Van den Berg
et al. (2004) also consider the effect of benefit sanctiontherunemployment-to-job
transition rates of welfare benefit recipients, who are mtitled to Ul benefits. Those
sanctions are imposed if the search and registration r@geints of the welfare agencies
are not met. The model they use is basically taken from areeadrsion of the Abbring
et al. (2005) paper and estimated with different data froemNktherlands. For this data,
van den Berg et al. (2004) also verify a permanently positifeceof an imposed sanc-
tion on the exit rate from unemployment to employment. Uslik our model, the wage
offer distribution in Abbring et al. (2005) and van den Bergle{2004) is exogenous and
there is no job separation, so a job is held forever. Heneeattalyses are restricted to
a purely microeconomic level and general equilibrium or maconomic effects remain
unaddressed.

Eckstein and Wolpin (1995) provide further evidence thatand rates into employ-



36 Unemployment benefits, distribution, and efficiency

ment decrease with increasing unemployment duration. @halyze the transition to the
first job in a search model, where both unemployed and emglayekers exert search
effort to get matched and an endogenous wage distributipngsible in a model with
Nash bargaining. Using quarterly data from U.S. youths betw1979 and 1986, Eck-
stein and Wolpin (1995) find evidence for a decreasing hazdednto employment with
increasing unemployment duration. Furthermore, theyicad the observation that the
mean of the accepted wages decreases with the durationmfplmanent in a structural
model. As this paper is a purely econometric work, macroecoo and welfare effects
are missing.

3.2.3 Literature on (optimal) Ul systems

In a discrete-time one-sided job search model, Shavell agidd/1979) analyze whether
benefits should decrease or increase during unemploymenthig end, the value of
the unemployed is maximized under a fixed governmental ludgéenefit expenses.
Shavell and Weiss (1979) consider pure insurance effetisresunemployed are not able
to influence their job-finding probability by their searchensity, and combined insur-
ance and incentive effects, where probabilities to find ad@bend on the effort devoted
to search. They study both effects in a world without savimdjl@orrowing first and relax
this assumption later.

The findings crucially depend on the assumptions above amté&€dummarized as fol-
lows: i) for exogenous probability /no saving or borrowirgnstant benefits over the
unemployment spell are optimal, ii) for endogenous prdigbno saving or borrowing,
a declining benefit scheme is optimal if search effort is weowable, iii) for exogenous
probability/saving and borrowing, an increasing benefjusace is optimal, and finally,
iv) for endogenous probability/saving and borrowing, Hgsehould increase first and
decrease later if search effort is unobservable. The imu#xplanation of i) is that
benefits can’t influence search effort and consequentlywropson smoothing is opti-
mal, while in case ii) incentive effects of benefits have tabesidered, which influence
search effort and the reservation wage. Case iii) takes icdtoumt that initial wealth
should be consumed by an unemployed first and then benefiitdshe provided, even
if search effort is exogenous. Finally, case iv) is a mixtofall other cases, so initial
wealth leads to increasing benefits first and the incentifeztsfto decreasing payments
finally.

Hopenhayn and Nicolini (1997) extend the work of Shavell @fedss (1979) by taxation
of workers after unemployment. Interpreting unemploymestirance as a contract be-
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tween a worker (agent) and the government (principal), iHbpgn and Nicolini (1997)
find that optimal unemployment benefits decrease over theployment spell and wage
taxes in the subsequent job depend on the prior unemployspeiit They calibrate the
model and in this way, more specific conclusions are possib&ehazard rate from un-
employment to employment increases before benefits expeayage replacement ratio
starts at a fairly high value 6f9% and decreases with longer unemployment duration,
and the tax rate on the wage of the job after unemploymen¢asas with the previous
unemployment spell (note that there is a negative tax rat@eimployment lasted less
than six weeks).

Also in our model, insurance and incentive effects are stilidbut additionally, general
equilibrium effects are considered. This has the advantage with the benefit bud-
get and the wage distribution being not exogenously givenreéactions of workers and
firms, as well as macroeconomic variables can be analyzedTite model parameters
are estimated structurally, which furthermore enables antjtative assessment and is
preferred over a calibration.

Coles and Masters (2007) compare Ul systems with finite bepafinents to Ul
systems with infinite benefit payments in an economy withtsetically changing job
destruction shocks. Unemployed workers do not choosel#isirre optimally, but lower
unemployment benefits reduce their reservation wages. sHireme all the bargaining
power and equilibrium is characterized by the optimal vagasecision of the firms.
With reservation wages decreased, they will post lowerlggium wages for unem-
ployed. This leads to higher profits for the firms and consetiyehanges the job arrival
rate for all unemployed. So there is no distribution of afirates at a point in time.
Using this model, they find that finite benefit payments caaset unemployment and
make unemployment less volatile over the business cycleomtrast to them, we have
individual and duration-dependent job arrival rates ar@hemic growth in the business
cycle is reflected by productivity changes. The advantageipmodel is that it not only
accounts for business cycle movements, but also for ingalichcentive effects. Further-
more, we estimate our parameters structurally and do npbretalibrated parameters.

Fredriksson and Holmlund (2001) examine the optimal Ul fieagstem in a search
and matching model. There are insured unemployed and rsomeid unemployed, both
with wage-dependent benefits, and transitions from thepodunsured to the group
of non-insured occur at a given rate. As a result, benefittduras not fixed and the
optimal search effort, as well as the arrival rate of jobs@mestant over time. Wage
is determined by Nash bargaining. The optimal Ul progranoetiog to their setup
has decreasing benefits over the unemployment spell bettayseork as an incentive
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for insured unemployed to search harder. For non-insurethpioyed, the decreasing
benefits cause a re-entitlement effect, so search effoaised in order to get a job and
qualify for the higher benefits again. In contrast to Freskdn and Holmlund (2001),
insured unemployed in our model know when their benefitsrexpecause there are
official rules. So this is a more realistic setup from our pahview, which leads to
variable optimal search effort over the unemployment sgdelirthermore, we consider
the spell effect for unemployed as an alternative sourceuefduration dependence. A
further advantage of our model is the structural estimaticthe parameter values, while
Fredriksson and Holmlund (2001) use calibrated values.

There are not many job search models with savings due toudtfés to establish
optimality. Lentz (2009) determines optimal unemploymieanefits in a labor market
model allowing for optimal savings, optimal job search #ffand a wage distribution.
It can be shown that search effort is lower, the more weakhutiemployed possesses.
Furthermore, workers reduce wealth while unemployed anaiséipe shift of the wage
offer distribution results in higher search effort, espégiat the lower wage levels. Lentz
(2009) analyzes the hazard rate of the model using weeklyrdnaicro data from Den-
mark and finds that search effort increases over the unemmglioyspell as wealth de-
creases, revealing another kind of true state dependeribe bbzard rate. The optimal
replacement rate of unemployment benefits is determineé teebweent3% and82%,
depending on interest rates and search cost parametensuglt considering savings is
an interesting issue for the analysis of unemployment arsee systems as they provide
a sort of self-insurance against unemployment, it shouladbed that this model neglects
some other important aspects. Firm behavior, for examgliefi unconsidered and the
wage distribution is exogenously given. In addition, disratlependence stemming from
incentive effects of non-stationary benefits are ignoredhBeatures, endogenous wage
determination as well as search incentives, are includéaeimodel as described in the
following section.

3.3 The model

Starting point is a Diamond-Mortensen-Pissarides-typéchiag model extended for
duration-dependent unemployment benefits, endogenorchssftort, risk-averse house-
holds, and an exogenous spell effect. To solve it, we use-8#arkov tools. The sep-
aration rate for jobs is constant and there is no on-the-galsch. We focus on steady
states in our analysis. Households are ex-ante identigbgrzlogenously heterogeneous
in their unemployment duration.
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3.3.1 Production, employment, and labor income

The economy has a work force of exogenous constanf\&iEamployment is endogenous
and given byL, so the number of unemployed amounts\ie- L. Firms produce under
perfect competition on the goods market and each workerrfiatth produces output,
which is constant. The production process of the worker haditm can be interrupted
by exogenous causes, which occur according to a time-haomeogis Poisson process
with a constant arrival rate.

Unemployed workers receive Ul benefiis; or UA benefitsh; 4. Benefits are mod-
eled to reflect institutional arrangements in many Europmamtries. One of the most
important features is the dependence of Ul benefits on theaployment duration. Em-
pirical work has repeatedly shown that the length of emtidat to unemployment in-
surance payments plays a crucial role in determining thenpi®/ment rate, compare
Moffitt and Nicholson (1982) or Blanchard and Wolfers (2008 unemployed with a
spells shorter thars receives Ul benefitg; ;. Afterwards, he gets; 4,

b(s):{ bgr 0=s<% (3.1)

We assume a decreasing benefit scheme with> b, 4 > 0. Benefits can be paid either
at a fixed level or proportional to previous income.

An unemployed worker finds a job according to a time-inhonmegels Poisson pro-
cess with arrival rate: (.). This rate will also be called job-finding rate, hazard rate,
exit rate to employment. It is allowed to depend on eftoft (¢)) an individual exerts to
find a job. Effort today (inf) depends on the length(?) this individual has been spending
in unemployment since his last job. The spell increasesitlgen time and starts i
where the individual has lost the job(t) = t — ¢y. An individual whose duration of un-
employment spelt (¢) exceeds the length of entitlement to Ul benefits (1) > ¢, + 3,
will be called a long-term unemployed.

In addition to effort, the exit rate of an individual will @islepend on aggregate labor
market conditions and on something which, for simplicitycalled a spell effect. La-
bor market conditions are captured by labor market tiglstiésat differs across steady
statesf = V/U. We assume that effort and tightness are multiplicativeeffart implies
permanent unemployment and no vacancies imply that anyt éfan vain. The spell
effect captures all factors exogenous to the individualchlaffects his exit rate to em-
ployment. This can include stigma, ranking (Blanchard arahizind, 1994), and gains
or losses in individual search productivity. We denote #fisct byr (s) . Assuming that
a stigma becomes worse the longes, 7 (s) is expected to fall ins. Summarizing, the
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exit rate will be of the formu (¢ (s (¢)) 0,1 (s)) .

There is a long discussion in the literature whether aggeefgdling exit rates are
due to a duration effect (as modeled herenlfy)) or due to unobserved heterogeneity,
compare Kiefer and Neumann (1981), Flinn and Heckman (1@82)on-parametrically,
Heckman and Singer (1984) as well as van den Berg and van O208)€ We take
unobserved heterogeneity into account in our empiricdlgoadt discuss its effects there.

The outcome of our duration-dependent exit rate will be atogenous distribution
of unemployment duration. Its density is given by (e.g. RA896), ch. 2)

f(s)=n(d(s)0,n(s)) e Jontentude (3.2)

This density will be crucial later for various purposes lutting the estimation of model
parameters. It is endogenous to the model as the exirapes (t)) 0,7 (s)) follows
from the optimizing behavior of workers and firfhs.

Unemployment benefit payments to short- and long-term uf®yag are financed
by a tax ratex on the gross wage? such that the net wage is = (1 — k) w9. The
budget constraint of the government therefore reads

L (3.3)

<bUI/OSf(s)d8+bUA/:of(S)ds) (N—L):nlw

Wherefogf (s)ds (N — L) is the number of short-term anf™ f (s) ds (N — L) is the
number of long-term unemployed. The government adjustasvdge tax< such that this
constraint holds at each point in time.

The wage is determined by bargaining, to which we returnvaelo

3.3.2 Optimal behavior

* Households

Households are infinitely lived and do not save. The presalinevof having a job is
given byV (w) and depends on the current endogenous wagely. Employed workers
enjoy instantaneous utility (w, ), wherew) captures disutility from working® The
valueV (w) is constant in a steady state as the wage is constant, bertstftross steady
states. Whenever a worker loses his job, he enters the ungmghd benefit system and

8See also section 3.2 for details on true duration dependesiceunobserved heterogeneity in the
literature.

9Also note that due to drop of benefitszatf (s) will have a more general hurdle structure.
10This parameter only serves to contrast search effort of pimrad workers and plays no major role.
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obtains insurance paymerdts; for the full length ofs. Workers are immediately granted
full benefit entitlements, so unemployment benefits are rperence-rated. See the
bargaining setup for further discussion. Hence, the vallreimg unemployed when just
having lost the job is given by (by7, 0), where( stands for a spell of length zero. This
leads to a Bellman equation for the employed worker of

pV (w) = u(w,¥) + X[V (byr,0) = V (w)] . (3.4)
The Bellman equation for the unemployed worker reads

pV (b(s),s) = I;l(%¥{u(b(s),¢(s))+w

(P ()0, () [V (w) =V (b(s),s)]}- (3.5)

The instantaneous utility flow of being unemploygt, (b (s) , s) , is given by three com-

ponents. The first component shows the instantaneouy uégtlting from consumption

of b (s) and efforte (s). The second component is a deterministic chandeé @f(s) , s)

as the value of being unemployed changes over time. Thedbimgponent is a stochastic

change that occurs at job-finding raté¢ (s) 6,7 (s)) . When a job is found, an unem-

ployed gains the difference between the value of being eyeple’ (w) andV (b (s), s).
An optimal choice of effort (s) for (3.5) requires

Up(s) (b(s), 0 (5)) + pos) (& (s) 0,1 (s)) [V (w) =V (b(s),8)] =0,  (3.6)

where subscripts denote partial derivatives. Equatidd) Qates that the expected utility
loss resulting from increasing search effort must be equidle expected utility gain due
to higher effort.

Finally, the value of unemployment an instant before beogna long-term unem-
ployed has to be identical to the value of being long-ternmyleyed afs,

V (bur,5) =V (bua,s). (3.7)
e Firms

The value of a jobJ to a firm is given by its instantaneous prafit— w/ (1 — k),
which is the difference between revendeand the gross wage/ (1 — ), reduced by
the risk of being driven out of business:

pJ=A—-w/(1—kK)— A, (3.8)

wherep stands for the interest rate, which is identical to the distoate of households,
and where we anticipate that the value of a vacancy is zero.
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Given that individual arrival rates are a function of theiwndual unemployment
spell, the expected exit rate out of unemployment is the noz@n individual arrival
rates, given the endogenous distribution of the unemployrsgell f (s) from equation
(3.2): .

i= [ @@ 0 f s (3.9)
As a consequence, the vacancy filling raté@isji.. The value of a vacant job is/, =
—y + 60~ 'in[J — Jy], saying that the flow value of a vacancy is given by vacanciseps
plus the gains from filling this vacancy, which occurs by tlaeancy filling rate. With
free entry, the value of holding a vacancy/is= 0, leading to

J =~0/p. (3.10)
* Wages

Let wages be determined by Nash bargaining. We assume &éatitbome of the bar-
gaining process is such that workers receive a sharkthe total surplus of a successful
match,

V<w>—V<bUf70>=5[J (m

The total surplus is the gain of the firm plus the gain of thekeoifrom the match,
where the latter depends crucially on the outside optiomeftorker. The fact that we
useV (bys,0) as the outside option of the worker means that all workersr{évonly
working for an instant or, in the limit, if only bargainingjeaentitled to full unemploy-
ment benefits and hend;; over the full lengths andb; 4 for s > 5.1* An alternative
would consist in specifying” (b (s), s) as the outside option: if the bargain fails, the
unemployed worker remains unemployed and continues taveetiee benefits he re-

> —J0+V(w)—V(bU[,O)

ceived before the unsuccessful bargaining. This would ber#tically interesting as an
endogenous wage distribution would arise as in Albrecht\&odnan (2005), where the
distinguishing determinant across workers is the previmesnployment spell. Using an
identical outside option for all individuals, however, ttae advantage that all workers
are homogeneous. Once an unemployed finds a job, all histasieted, all workers are
the same and, independently of their employment history, #& same wag¥.

1n the empirical part, the ‘full lengthé will be provided by the data. In this sense, entitlementksta
into account.

120ur assumption that all workers, even if they have workeg émi a second, are entitled tg;; for
the full period of lengths is identical to saying that benefit payments are not expeeieated. While the
absence of experience rating is generally distorting theédidecision to lay off workers (see e.g. Mongrain
and Roberts, 2005), this does not play a role in our setupeasdparation rate is exogenous. It would be
interesting to study the impact of endogenous separaticisidas, but we leave this for future research.
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Following the steps as in Pissarides (1985), we end up witnmamlized wage equa-
tion that reads

(1—B)u(w, ) + @& — (1— B)u(bur, 6 (0) + B[A+ 6], (3.11)

see appendix A.1. The left-hand side corresponds to whabutets with risk-neutrality
and without taxation is simply the wage rate. If we hae- 0 andu (w,¢) = w — 1,
we would obtain justv on the left and additionallyl — /3) ¢) on the right. Consequently,
the worker is not only compensated for the outside optiohéndase of unemployment,
u (byr, ¢ (0)), but also for the disutility resulting from work;. The tax rate, that appears
in the termw/ (1 — k), results from the instantaneous profit of a firm (3.8), whiebas
to pay a gross wage af/ (1 — k). The right-hand side is a simple generalization of
the standard wage equation of Pissarides (1985). Instelaeineffits for the unemployed
(which we would find on the right for risk-neutral househoédsl no duration depen-
dence of effort), we have instantaneous utility from beingmployed. The impact of
the production side is unchanged when compared to the sthndge equation.

Instead of specifying the outside option differently, ooneld also allow for strategic
bargaining. Many recent papers have used strategic bargajiven that either payoffs
change over time and Nash bargaining would correspond t@immyehavior (Coles and
Wright, 1998; Coles and Muthoo, 2003), that a careful analggisn-the-job search
makes strategic bargaining more appropriate (Cahuc et(l§)2or that unemployment
does not have such a strong effect on bargaining as gentrallght (Hall and Milgrom,
2008)1® Bruegemann and Moscarini (2007) find, while analyzing a ckffié question,
that the quantitative differences between distinct wagjrg) rules are small. Given that
we want to focus here on the direct incentive effects of natiemary unemployment
benefits on search effort, we feel justified to ‘switch offétktrategic channel and leave
this for future work.

3.3.3 Welfare

When evaluating unemployment policies, we take all agensumeconomy into ac-
count. There are employed workers with valdéw) , unemployed workers with value
V (b(s),s) depending on their spedl, and firms with valueJ. When we compare one
policy to another, we look at total output (i.e. employmenistributional effects, and
overall welfare. We obtain a social welfare functi@rby aggregating - in the spirit of

13Coles and Masters (2004) analyze wage setting by stratagi@iming in a matching setup with non-
stationary unemployment benefits. They do not considergamtus search intensity, however.
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Hosios (1990) or Flinn (2006) - over all these welfare lewela standard Bentham-type
utilitarian way,

Q=L[V(w)+J+(N-1L) (/SV(bUI,s)f(S)ds—i-/OOV(bUA,s)f(s)ds>

’ i (3.12)
Social welfare is given by the numbérof employed workers and occupied jobs times
their welfare plus the number of unemployed work®&rs L times the average welfare of
an unemployed. This average is obtained by integrating aVepellss, wheref (s) is
the endogenous density (3.2), with exit ratg® (s) ¢, 7 (s)) that follow from the steady
state solution of the model, and the(b;, s) are the values of being unemployed with a
spells and benefit payments from equation (3.1).

3.4 Equilibrium properties

3.4.1 Individual (un)employment probabilities

In models with constant job-finding and separation ratesyuttemployment rate can eas-
ily be derived by assuming that a law of large numbers holdggrégate employment
dynamics can then be described by= 1 [N — L] — AL, which allows to compute un-
employment rates. With spell-dependent effort, individuraval rates. (.) are heteroge-
neous and employment dynamics need to be derived usingi¢eesfrom the literature
on Semi-Markov or renewal processes, see Kulkarni (1998&)aoradi et al. (2004), for
example.

The generalization of Semi-Markov processes comparedribremus-time Markov
chains consists in allowing the transition rate from onéesta another to depend on
the time an individual has spent in the current state. Weyathp$é here and let the
transition rate from unemployment to employment dependhertitmes the individual
has been unemployed. Hence, switching from a constantiolnfy rateu to a duration-
dependent ratg (s)'* implies switching from Markov to Semi-Markov processese3é
processes are calleskmias the spell dependence of the job-finding rate) is not
Markovian. However, these processes are still cdiledkov as, once an individual has
found a job, history no longer counts. This is also why thesegsses are called renewal
processes: whenever a transition to a new state occurgjgtesstarts from the scratch,
itis ‘renewed’ and history vanishes.

We start by looking at individual employment probabilitie®t p;; (7, s (¢)) describe

4For simplification, we usg (s) instead ofu (¢ (s) 6,7 (s)).
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the probability with which an individual who is in stat€eithere for employed o for
unemployed) today in, will be in statej € {e, u} at some future point in time, given
that his current spell is now(t). These expressions read, starting witft) = 0 and
taking into account that the separation rateemains constant (see section 4.3),

Puu (1,0) = e~ I nls@)dy 4 / e~ I mEWN Yy (5 (1)) pey, (7 — v) do, (3.13a)

t

Peu (T) = / e M N\py, (7 — 0,0) do. (3.13b)
t

Expressions for complementary transitions are givep,byr) = 1—py, (7) andp.. (1) =
1 — pe (1), respectively.

These equations have a straightforward intuitive meani@gnsider first the case
of 7 being not very far in the future with = ¢. Then all integrals are zero and the
probability of being unemployed atis, if unemployed at, one from equation (3.13a)
and, if employed at, zero from equation (3.13b). Forra> t, the parte™ /¢ #(s)d jn
equation (3.13a) gives the probability of remaining in uptyment for the entire period
from ¢ to 7. An individual unemployed today can also be unemployed irfihge if he
remains unemployed fromto v (the probability of which isz~ /i #(5@)dv)  finds a job
in v (which requires multiplication with the exit rate(s (v))) and then moves from
employment to unemployment again over the remaining iaterv— v (for which the
probability isp.,, (7 — v)). As this path is possible for anybetweert andr, the densities
for these paths are integrated. The sum of the probabilitgmiaining unemployed all
of the time and of finding a job at some but being unemployed again athen gives
the overall probabilityp,,, (7,0) of having no job inT when having no job irt. Note
that there can be an arbitrary number of transitions in aridbamployment between
v andr. The interpretation of equation (3.13b) is similar. The @olity of remaining
employed front to v is simpler,e "~ because the separation rates constant.

As we can see, equations (3.13a) and (3.13b) are interdepenithe equation for
puwu (7) depends om,,, (7 — v) and the equation fas,, (7) depends op,,, (7 — v). For-
mally speaking, these equations are integral equationsetimes called Volterra equa-
tions of the first kind (3.13b) and of the second kind (3.13Bitegral equations can
sometimes be transformed into differential equationsctvithen simplifies their solu-
tion in practice. In our case, however, no transformatido ohfferential equations is
feasible.

After having determined the probability of still being unglmyed inT when becom-
ing unemployed it and hence having a spell of lengtlt) = 0, we need an expression
for p.. (7,s(t)). This means, we need the transition probabilities for iilligls with
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an arbitrary spelk (¢) of unemployment. Given the results from equations (3.184d) a
(3.13Db), this probability is straightforwardly given by

Pun (7,5 (1)) = e IT#e@)d 4 / e I (5 (1)) peu (T —v)dv. (3.14)
t

An unemployed with spelk (¢) in ¢ has different exit rateg (s (y)), which are known
from our analysis of optimal behavior at the individual levidence, only the integrals
in equation (3.14) are different compared to equation @.,1&hile the probabilities
Pew (T — v) €can be taken from the solution of equations (3.13a) and £3.13

3.4.2 Aggregate unemployment

Using our findings in equations (3.13) and (3.14)0n(7) andp,, (7, s (t)), we can
now derive the expected number of unemployed for any digich of spellF (s),

BN = L= (V= L) [ punlrs @) AP G(0) 4 pu () L (315)

Starting at the end of this equation, given there Byemployed workers in, the ex-
pected number of unemployed workers at some future pomit of the group of those
currently employed it is given byp,., (7) L;. Again, one should keep in mind that the
probability p.,, (7) allows for an arbitrary number of switches between emplayraed
unemployment betweenandr, so it takes the permanent turnover into account.

For the unemployed, we compute the mean over all probasilitf being unemployed
in the future, if unemployed today, by integrating over, (7, s (t)) given the current
distribution F' (s (¢)) . Multiplying this by the number of unemployed today, — L,
yields the expected number of unemployed aut of the pool of unemployed ih The
sum of these two expected quantities is the expected nuniheremployed at some
future pointr.

The expected unemployment raterdhen simply is expression (3.15) divided by
When we focus on a steady state, werletpproach infinity. In order to obtain a simple
expression for the aggregate unemployment rate and to dtewnk to the textbook
equation, we assume a pure idiosyncratic risk model wheceoetonomic uncertainty
vanishes on the aggregate level. Hence, we assume a lawgefiambers holds and
the population share of unemployed workers equals the geenalividual probability of
being unemployed. This ‘removes’ the expectation opesasorthat in a steady state,
equation (3.15) becomes

N—-L= [N — L] /Ooopuu (5 (t)) dF (S (t)) +peuL.
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We have replaced.,. = L, by the steady state employment levebnd the individual
probabilities by the steady state expressipng s (¢)) andp.,,. The probabilityp,,, is no
longer a function of- as this probability will not change in steady state, whileréhwill
always be a distribution qf,.,, (s (¢)), even in steady state.

Solving for the unemployment rates gives

g — peu — peu
N peut L= f77 P (s () dF (s ()] peu+ [y Pue (5 () dF (s (1))

If we assumed a constant job arrival rate here, we woulthgets p,. = A/ (A + 1)

(3.16)

andp,. = p/ (A + p). Inserting this into our steady state results would yielel skan-
dard expression for the unemployment rate N = A/ (A + u). In our generalized
setup, the long-run unemployment rate is given by the ratimdividual probability
Peu t0 be unemployed when employed today divided by this samiegtibty plus1 —

Jo P (s (£)) dF (s ().

3.4.3 Functional forms and steady state

For estimation purposes and for the numerical solution, aedrto specify functional

forms for the instantaneous utility function and for theairrate. Let the instantaneous

utility function of an unemployed worker, used e.g. in equa{3.5), be given by

b (S)l—a
1—0

u(b(s),¢(s)) =

Search effort is measured in utility terms. The utility ftioa of an employed worker has

—6(s). (3.17)

the same structure, only that consumption is givenubgnd work effort is the constant

0.

The arrival rate of jobs (¢ (s) 0,7 (s)) is assumed to obey

p(9(s)0,m(s)) =n(s)¢(s) 0] (3.18)

If one interprets) (s) as a productivity of search, one can look at the expression fg
like at a production function. Input factors are efforts) and vacancies per unemployed
worker . With 0 < a < 1, inputs have decreasing returns. Efforts) follows from
behavior of households and labor market tightregsthe result of free entry and exit
into the creation of vacancies. The spell effect) is an exogenous function of the
unemployment speH and its particular parametric form is explained in the nextisn.
In a steady state, all aggregate variables are constanharlis a stationary distri-
bution of unemployment spells. The solution of the steadiestan most easily be found
in two steps. Choosing starting values for the wagand labor market tightne$s one
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can solve for the search effort of an unemployed, the valleewfig unemployed, and the
value of ajobgp (b(s),s), V (b(s),s), andV (w), respectively. Once these quantities are
known, the remaining equations of the model can be used isdbend step to solve for
the wage rate and tightness,andd, and check the initial guess in this way. In doing so,
all other endogenous variables are determined as welltHi&exit ratew (¢ (s) 0,7 (s))

and the implied density (s), instantaneous utilities (.), the tax rates, individual em-
ployment probabilitie;;, the implied number of short- and long-term unemployed as
well as the unemployment raté/N, the number of vacancies, the value functibifor

the firm, and social welfar@.!®

3.5 Structural estimation

3.5.1 Exit rates out of unemployment

Before we estimate the model using data from the GS@ERe functional form of the
spell effecty (s) from equation (3.18) has to be specified. In order to do so,amsider
the distributional aspects of our data on observed unempoy duration. The specifi-
cation of the spell effect (s) needs to be sufficiently flexible to be able to capture these
aspects.

The left panel of figure 3.1 shows the non-parametric eséroathe hazard function
from the entire sample of unemployment durations. The nogimiel of this figure shows
the hazard function for the subsamples of individuals witlitement length equal to
12 months as the solid line. The dashed line shows the haata@fthose non-entitled
to unemployment insurandeg;;.1” Both panels plot exit rates for the first 2.5 years of
unemployment.

From these figures, we can see a clear downward duration depea of the exit
risk. On the one hand, this may be due to the true downware deggiendence of an in-
dividual hazard rate, see e.g. van den Berg and van Ours (b@®bkstein and Wolpin
(1995), providing the evidence on this. On the other hand,rttay be due to unmea-
sured heterogeneity, compare Heckman and Singer (1984naten Berg and van Ours
(1994). Indeed, as far as Germany is concerned there issitdea source of such un-

5Appendix A.2 provides an explicit presentation of all edoras which are given implicitly in the model
description above and describes the solution procedure.

18For more background on the GSOEP and for descriptive statisee appendix A.3.

7See Tanner and Wong (1983) for the definition of the estimatdrconsistency proof. We use Gaus-
sian kernel. Optimal bandwidth is estimated by cross-adilich discussed in Tanner and Wong (1984).
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Unemployment duration (months) Unemployment duration (months)

Figure 3.1: Non-parametric hazard functions (entire serapds = 12).

observed heterogeneity. Namely, individuals receivingo&hefits may or may not be
eligible to UA benefits, once the entitlement period expirgsgibility to UA benefits

is determined by aneans testwhere an individual has to provide lengthy information
about income sources of the household, number and age afidies etc. If the means
are sufficient, the person becomes ineligible to UA bendjiis might still claim social
assistance, which eventually may or may not be provided bawability in our context
means that, if exit out of unemployment occurs before theratipn of entitlement, an
econometrician cannot know about the outcome of the test.ifdividuals themselves,
however, are very likely to know what the result of the tedt lbe. Thus, in case they do
not expect to pass the test, they would search harder arefdheexit faster into employ-
ment. This behavior, if uncontrolled for, results in a desiag non-parametric estimate
of the hazard rate. Clearly, the true individual exit ratehiis particular case may as well
be constant or increasing up to the expiration of entitleraed constant thereafter, as in
Mortensen (1977) and van den Berg (1990b). Finally, bothitnd&idual state depen-
dence and unobserved heterogeneity may manifest therassiaaltaneously, compare
van den Berg and van Ours (1996) and van den Berg and van Oui®) ft@®vidence
of these effects in U.S. and French data, respectively.

Thus, the individual exit rate derived from the theoreticaddel should be able to
capture two characteristics, namely: i) steady increagserd¢he expiration of entitle-
ment, as in Mortensen (1977), and ii) steady decrease ftereas in Heckman and
Borjas (1980). Our theoretical exit rates are broadly ceestsvith both. When we as-
sume that there is no effect other than that of benefits ahth&gs, soj (s) is constant
in equation (3.18) due t6; = 0 (no stigma), our model predicts exit rates that increase
befores. If §; is very high, exit rates fall over the spell. For intermeeiaalues ob;, we
get a non-monotonic behavior and exit rates increase in istenfionths and fall subse-
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guently. We are therefore confident that our theoreticalraxes are sufficiently flexible
for a successful estimation of the model.

Our aim is to provide a fully structural econometric modebnder to estimate the
deep parameters of the theoretical model of section 3.3sgunice of possible exogenous
individual state dependence and unobserved heterogeneity

3.5.2 Econometric model

» Specification

We estimate the model parameters applying the ML method.lik&kéhood function is
constructed using the exit rates as implied by the model tli®estimation, we sample
data of entrants into unemployment and employment from tR@EP-8

The exit rate from unemployment is given by equation (3.t@&nfthe theoretical model.
The effort levely (s) needs to be replaced by the optimal value as implied by the firs
order condition (3.6). S (s) is a function of the spel$, benefits paid at, the spell
effectn (s), total entittement duratioR, the wagew, and labor market tightnegs To
simplify notation, we group the individual variables givby the dataset into a vector
z ={byr,bua,s,w,0}. There are additional variables given in the sample, whatsp
bly affect effort and the spell effect. We group these adddi variables in a vector that
contains the rest of personal characteristics. In ordekpoess the econometric model
as general as possible, we take those variables into actmuthte spell effect and the
separation rate, with corresponding parameteasd(. Hence, the separation rate reads
A(x) and the spell effect is denoted hys; x) = 1o (x) g (s). Summarizing, conditional
on the vector of observed characteristics, the exit rata fquation (3.18) can be written
as

i (s) = (o (s;2)0,m(s:x)) =mo (x) g (s)[p(s32)6]",  j=12. (3.19)

Effort ¢ (s; z) implies an endogenous individual duration dependenceditretanticipa-
tion of the benefit reduction ands; x) is the exogenous individual duration dependence,
the spell effect. Finally; indicates the benefit regime before£ 1) and after ( = 2)
expiration of unemployment insurance payments.

We have four types of labor market histories in the datades.fifst group are individ-
uals who enter unemployment with the right to claim Ul beseditd exit unemployment
before the expiration of the entitlement period such that 5. As argued above, for

18For more background on the GSOEP and for descriptive statisee appendix A.3.
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these individuals we do not observe the outcome of the meshdarb; 4. We do as-
sume, however, that individuals know about the outcome béetore applying fob 4.
Therefore, let (s;z|0) indicate the search effort given thtat, = 0, which corresponds
to the hypothetical test failure. Similarly, 18t(s; z|b;4) stand for the hypothetical case
in which the test is passed andigo, > 0. Finally, let{ ={«a, 0,4;, x,(, 7},_, , denote
the vector of parameters to be estimated and ldenote the fraction of the individuals
that pass the test. Then, for a single unemployment spellinttvidual log-likelihood
contribution of an unemployed belonging to this group is

We(E) = In (7 [ (56, 2fbya)| e f5 st

(1= ) [ (5, %, 2J0)) ¢ o mtuexalOde) - (3.208)

In this equation and the following,, is a dummy variable such thdf = 1 if the unem-
ployment spell is uncensored, is a dummy variable such thdt = 1 if an individual
passes the means tegdf,is a dummy variable such thdf = 1 if the employment spell
is uncensored, ands the employment duration.

Second, consider individuals who enter unemployment withright to claim Ul
benefits, fail to find a job before entitlement expires, tiataseither UA or zero benefit
level and thereby reveal the outcome of the means test, aedt@ily exit unemploy-
ment only after the expiration of entittement, so- 5. The log-likelihood contribution
of these events is given by

Int(&) = dilnm+ (1 —dy)In(1—7)+d,Inps(s;€,%,2)

- /S p (u;€,%x,z) du — /s e (u; €, %, z) du. (3.20b)
0 5

For individuals who do not have the right to claim Ul benefitsl @nter unemploy-
ment receiving lower UA benefits from the very beginnidg- 1) or not at all ¢; = 0),
we have

Inl(&)=dint+(1—d)In(1 —7) +dyInps(s;€,x,2) — / pe (u; €, %, z) du.
" (3.20c)
For the final group, entrants to employment, the log-likediti contribution is

Inl (&) =d;ln\(x)— A(x)L. (3.20d)
Our parametric assumptions about the shapg(ef is

§) = e 9152 4 1. (3.21)
g9(s)
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We choose this parametric form for the spell effect as it khbe able to cover all the
cases of state dependence illustrated in figure 3.1 evereimltsence of unobserved
heterogeneity. Indeed, the term in equation (3.21) spaweriaty of shapes for the
hazard function: it can be time-invariant, increasing ocrdasing, being concave or
convex. Thus, even if the influence of unobserved heteratyemay not be significant,
the model is still flexible enough to replicate the non-pagtaio estimates. For positive
J;, the individual spell effect), (x) g (s) is 27y (x) at s = 0 and tends toy, (x) for s
approaching infinity?

The parameterization foy, (x) is the usuak, (x) = ¢*'X. Similarly, the conditional
exit rate out of unemployment is parameterized &s) = ¢*'¢.

» Estimation procedure

The estimation of model parameters uses a part of the nuaheotution method for
the steady state. We take exogenous valueg {6r003, corresponding to an annual in-
terest rate 0B.7%) and bargaining powes (0.5). As described in appendix A.2, for a
given wagew and vacancy to unemployment ratipthe individual exit rate at any mo-
ment of the unemployment spell can be computed. Using iddalisurvey data implies
that the wagev for each individual is known and the correspondéihcan be taken from
macroeconomic data. Individual exit rates can thereforedneputed for each individual
job market history in our dataset, given an initial guesghermodel parametets The
sum of all log-contributions is then maximized by varyinggaeters irg in order to find
the ML estimator.

Note that¢ is estimated without explicitly specifying the wage-sggtimechanism.
If we used linked employer-employee data, the model coulddtienated by using the
observable productivity data. This would also allow us tiineste the bargaining power
parameter3, as well as provide more information on the discrepancy beitwthe ob-
served wage and an endogenous wage solution implied by telmé&or the rest of
the parameters unrelated to the wage-setting mechanismyieg both approaches must
be equivalent, assuming that wage setting is correctlyisgecn the second one. Fur-
ther, computing the steady state solution suggests thata&in with given wage and
tightness is faster by a factor of about 4.

19We experimented with a generalization replacihigy some parameter to be estimated. This did not
turn out to be viable, however.
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 |dentification

Altogether, the econometric model described in equatidrZdg)-(3.20d) covers three
conceptual features of the observed unemployment durdétan i) endogenous duration
dependence of the hazard rate, induced by the anticipattitwe éduture reduction in ben-
efit payments as described by Mortensen (1977) or van den Be89), ii) exogenous
duration dependence of the hazard rate induced e.g. bya{gishvanath, 1989; Blan-
chard and Diamond, 1994), and iii) influence of unobserveerbgeneity as in Heckman
and Singer (1984) or van den Berg and van Ours (1994), thatasnaa through unob-
servability of the results of the means t&5tAs one can see from the contributions as
given by equations (3.20a)-(3.20d), all these effects aaglity identifiable. The sep-
aration rate parameter vectoris always identified by the data on the job duration
and observed characteristics, as becomes obvious fronti@q)a.20d). Given\ (x),
the scale parametegsand the exogenous duration dependence param[eeit,@rjs:L2 are
identified from the subsample of non-entitled individuaslascribed in equation (3.20c)
and post-entitlement incremental durations in equatio?03), since endogenous dura-
tion dependence for these is time-invariant. Given thagerous duration dependence
is pinned down, the parametersaando, that shape the endogenous duration dependence
induced by anticipation of benefit reduction, are identibgdhe variable$;;, b4, and
s in z in equation (3.20a). Finally, the fraction of those who pass the means test is
identified by equations (3.20a)-(3.20c).

200f course, one can also think of some additional sourcesalfsarved heterogeneity. In this case, the
model is extended in a standard way, with heterogeneityiegtadditively (or multiplicatively) into either
7 or A, after which a marginal contribution to the likelihood, vitnobserved component integrated out, is
considered. However, unlike with unobserved outcome ofrthans test, this would already be the hetero-
geneity induced by some unknown source, which makes its limgdess interesting. Moreover, and most
importantly, the computational burden of fitting the modéthman additional unobserved heterogeneity
increases immensely.
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Coeff. SE z-Stat. p-Value
o —4.6274 0.0834 —55.4948  0.0000
X0 —4.2730 0.2961 —14.4290  0.0000

0.5105 0.0533 9.5715  0.0000
0.6076  0.0800 7.5992  0.0000

01 0.0033  0.0003 12.2187  0.0000
P 2.3522  0.0967 24.3270  0.0000
™ 0.2029 0.0312 6.4977  0.0000

Table 3.1: Results of the structural estimation of the untamhl model.

3.5.3 Estimation results

* Preliminary discussion

Table 3.1 reports the estimation restiitfor the specifications excluding observed indi-
vidual characteristic&

As for the estimation results, our main finding is the sigatifice of the exit rate
parametery. This means that changes of the optimal effort path in respom any un-
employment benefit reform, be it the reform igf; ;4 or of 5, will have a significant
impact on the exit rate out of unemployment. This finding intigalar can contribute
to the empirical dispute about the dependence between uogmgnt benefits and exit
decision. Evidence in the literature is conflicting with Eiupnd Schneider (1989) and
Arulampalam and Stewart (1995) finding minor or negligibépendence, and later Car-
ling et al. (2001) and Rged and Zhang (2003) stating the ofgd&fth our significanty,
any change in the design of unemployment benefit mechaniinmdice a significant
response on the macroeconomic level.

The next important finding is the role of unobserved hetemegg. From table 3.1,
we can see that is significant ab% level, implying that the prospect of not passing the
means test significantly increases search effort. Along thit, the results show that the
estimates of); are significantly different from zero. This means that, onnebserved

210ne evaluation of the total likelihood takes over 6.5 miswigth Matlab 6.1 on a laptop with 1.6 GHz
CPU and 0.99 GB RAM. The optimization which leads to the eatés in table 3.1 requires 15 hours to
converge.

2\\e restrict the results shown here to the unconditionallt®since this is the focus of the theoretical
model and the policy simulations, where we do not have oleseneterogeneity among individuals.
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components are accounted for, there is still true individt@e dependence, which is
captured by the spell effect. Thus, we find that the unobsenegerogeneity, as well as
the exogenous individual downward state dependence guensible for the declining
non-parametric hazard rates in figure 3.1.

 Predicting labor productivityd and vacancy costg

After having estimated all the parameterg jitabor productivity4 and vacancy costs
7?2 have to be determined. The ML estimation is built on the hbakkside of the model
only, but the parameterd and~ are outcomes of the general equilibrium framework of
the economy in steady stateassuming wage and labor market tightness are exogenous.
In the econometric analysis, there is variation in the dath vespect to exogenously
given wages, Ul and UA benefits, as well as Ul entitlement tiloma. In order to ac-
count for variation oby;, by 4;, ands; in the general equilibrium model, the data for a
representative agent is used. The representative indiveerns the mean wage of the
datasety = 1161.21 Euro%®. His Ul payments are given by the replacement ratip
times the mean wage, corrected for the share 56.52%2° of individuals in the dataset,
who are entitled to Ul payments;;; = wpyyw. The estimated share of unemployed
passing the means test for UA benefitsris= 20.29%, compare table 3.1. Hence, also
UA payments for the representative agent are the produdteofdplacement ratg; 4,
the previous wage, and the share, by 4 = mpyaw. Average sample entitlement to Ul
payments id4 months, s& for our representative agentig.
With these exogenous variables, the parameteasdy can be determinet]. Productiv-
ity A and vacancy costsare computed such that the average wage and average tightnes
in the sample result as endogenous general equilibriurabias in the model. The re-
sulting labor productivityAd = 1227.03 is just above the wage rate of = 1161.21,
leaving some room for firm profits. The costs of a vacancy arergbyy = 112.18.

Having determinedd and~?8, the pre-reform steady state, the comparative statics,

Z3Compare section A.4 in the appendix for the solution stmectid the model with respect td and-y.

24See subsection 3.4.3 for the description of the econom\eadststate.

ZMonetary values are all expressed in Euros. However, we th@iEuro notation in the following for
the sake of clarity.

26See section A.3 in the appendix for descriptive statistics.

2’See enclosed CD for the Matlab program.

28As about90% of the spells in our data are completed between 1997 and 188%roductivity can
be seen as an average value over the years 1997-1999. Usiggothith rates of 19971(8%) and 1998
(2.0%), the productivity of 1999 can be determinedAs- 1252.07. Compare section A.5 in the appendix
for details.



56 Unemployment benefits, distribution, and efficiency

and insurance and incentive effects are evaluated in th@wiolg sections treating wage
and labor market tightness as endogenous.

3.6 Numerical solution I: the pre-reform steady state

With the estimated parameters and equilibrium values givennext step is a discussion
of the pre-reform steady state. First, the steady stateesadfi the situation before the
Hartz IV reforms are analyzed and then we turn to the microecoc dynamics in steady
state.

3.6.1 Equilibrium values in the pre-reform steady state

In this section, the structurally estimated, the predicéad the exogenous parameters, as
well as the equilibrium parameters are used in order to cheniae the steady state equi-
librium of the pre-reform era as implied by the theoreticaldel. All parameters plus
some selected endogenous model variables are providdolé2. As in the estimation
procedure, the rate of time preferences chosen to fit the annual interest rate3df%.
The bargaining powep is set equal t®.5. For the numerical solution of the model, we
use the parameter estimates from the unconditional estimatodel for two reasons.
First, as there is no observed heterogeneity in the theatetiodel, the respective pa-
rameter estimations are more in the spirit of the model, @odrsd, earlier research in
the analysis of Launov et al. (2009) revealed that the untondl and the conditional
results do not differ significantly from each other. This gessts that observed hetero-
geneity does not actually play a big role for the separataie and the spell effect and
hence, it can be neglected when solving the model numeyiddile predicted separation
rate from the unconditional estimation model is givenXoy= 0.01 and the spell effect
parameter by), = 0.014.2° The other estimated and predicted parameters are directly
taken from the previous section.

In the pre-reform steady state, meaning before the Hartefdfms, benefit payments
of both short-term and long-term unemployed workers depérmh the previous wage.
The replacement rates are givengy; = 0.6 for Ul and p; 4 = 0.53 for UA payments
for those entitled. The benefits for the representative tagenandb, 4, are determined
in the same way as in subsection 3.5.3as = wpyyw andby s = wpyaw. Average
sample entitlement to Ul payments is absut 14 months and this value is taken for the

2°The separation rate is determined in the unconditional ifmga = e = 0.01 with ¢, = —4.6274
and the spell effect parameter hy = eX0 = 0.014 with yo = —4.2730.



3.6 Numerical solution I: the pre-reform steady state 57

exogenous parameters estimated and predicted parameters
p 164 A Mo o 01 O @ A y
0.003 0.5 0.010 0.014 0.608 0.003 2.352 0.51@227.03 112.19
policy parameters equilibrium values
PUI  PUA S w 0 U K n
0.6 053 14 1162.21 0.3 16.6% 4.8% 0.06

Table 3.2: Parameters and selected equilibrium values.

numerical solution of the pre-reform steady state. Themuteof the model for the tax
rate,x = 4.8%, and the unemployment rate,= 16.6%, meets the range of the actual
unemployment insurance contribution rate (this is the palpose of taxes in our model)
of 6% and the actual unemployment rate in 1997-1998 of abd¥t3C. The average job
arrival rate in the pre-reform steady state computatiorte@fmodel is: = 0.06.

In sections 3.7 and 3.8, the comparative statics of diftereiorm scenarios are run.
For this purpose, the exogenous, the estimated, and thefg@@arameters are taken as
given and the change of policy parameters is evaluated ier dodunderstand the effects
on the equilibrium values in steady state.

Before that, however, the microeconomic dynamics in stetate svill be analyzed.

3.6.2 Dynamics on the microeconomic level in steady state

Although the economy is in steady state, there are still dyos on the microeconomic
level. At any point in time, individuals find and lose jobs. dAat any point in the un-
employment spell, unemployed adjust search effort optym&ligure 3.2 illustrates the
developments on the microeconomic level in the pre-refdeady state over the unem-
ployment spell. The upper left panel shows the evolutiorheféxogenous spell effect.
The estimation results for the parameters)¢f) imply that the spell effect decreases
right from the beginning of unemployment, approaching agolimit of , = 0.014.

As a consequence, also the value of being unemployed fadistbe unemployment
spell. If there was no spell effect, 3p(s) stayed constant, a long-term unemployed
would live in a stationary world and the value of being loegat unemployed would
be stationary as well. However, with a negative spell effleetjob-finding rate - taking
optimally chosen effort into account - goes down and the evafibeing unemployed
approaches a lower limit determined by the lower limitxdfs). This is shown by the

30Data taken from Bundesagentiir fArbeit - Statistik (2008).
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Figure 3.2: Productivity, search effort, exit rate, andueabf being unemployed as func-
tions of the spelk (in months).

upper right panel and needs to hold generally as equati@) (Athe appendix shows.

The optimal reaction of the unemployed worker is shown inltheer left panel by
the search effort exerted. Effort unambiguously increasemg the first five months of
unemployment. While the estimated spell effect is decrgasims increase reflects the
rising incentives to search harder, the closand the benefit cut come. Optimal effort is
the outcome of the interplay between the spell effect (loywg reduces optimal effort)
and the potential gain from finding a job. This can be seen ttmnfirst-order condition
in equation (3.6) or, more directly, from equation (A.7)metappendix. As gains increase
due to a falling value of being unemployed, this second eftiereds to increase effort.
After some time, however, the increase in the gain of findirjgbais no longer strong
enough to compensate the ‘discouraging’ impacts from tledl gffect. Search effort
eventually falls and approaches a constant. The fact thamnployed workers finally
‘give up’ is ultimately the effect of the exogenous negaspell effect.

The figure on the lower right shows the exit rates out of unegment forb; 4 =
0, averageby 4, andby s = by. Unsurprisingly, the level of the exit rate is smallest
for an unemployed eligible to long-term benefits amountmdutl Ul benefits, by, =
by (dotted line). In this case, the incentive effects of the-stationary unemployment
benefit system are completely missing and the exit rate isaifécted by the spell effect.
Consequently, the job arrival rate evolves qualitativete lihe spell effect and decreases
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Figure 3.3: Fraction (s) of consumption loss equivalent to search effort loss.

right from the start. The dashed line shows the job arriv& far an individual receiving
the averageéy 4, i.e. the benefits of the representative agent that were insi pre-
reform steady state. The rising rate during the first monthsvemployment stems from
the incentive effects and the resulting search effort imees, which is finally overcome
by the spell effect. Third, the subfigure on the lower righfigtire 3.2 shows the job
arrival rate forb; 4 = 0, i.e. no long-term benefits at all. The exit rates are on thhést
level and the increase of the rate is sharpest compared tilbetwo cases df; 4. The
incentive effects for leaving unemployment befarare, of course, much higher due to
the complete abolishment of long-term benefits. Howeven &r this case, the spell
effect finally causes the exit rate to decrease after abautriomths of unemployment.
Given the utility function

one may ask how costly search is in terms of consumption. Qe rmpecific, which
percentage consumption reductiofis) in a world without search effort generates the
same utility as in the world where optimal effort costss) exist. For this purpose, the
share of consumption loss(s) due to search is determined by

(L= (s)]b(s)7 _b(s)"

(1—o) R A

Computing the consumption loss for the average unemploydageimpre-reform steady
state shows that it is substantial, ranging betw&eand 102 percent. Figure 3.3 shows
the evolution of the loss fraction(s) over the unemployment spell.
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Figure 3.4: (Un)employment effects of decreasing longatbenefitdy; 4.

3.7 Numerical solution II: the effects of the reforms

The 2005-2006 unemployment benefit reforms in Germany wseacterized by a re-
duction of UA benefitsh; 4, and entitlement lengtts, as described in subsections 2.5.1
and 2.6.2, respectively. Benefits decreased by ab@ubn average and mean entitle-
ment lengths dropped by about two and a half months framto 11.5 months. These
changes are now considered in the model. The sectioningadi@ss: first, each change
is analyzed individually (the change &f » and then the change 8f before both policy
parameters are reduced simultaneously. Finally, we a¢dourconomic growth of the
economy between the pre-reform steady state and the cotnpastatic steady states,
which also affects the economic outcomes and welfare positi

3.7.1 Decreasing the unemployment assistance benefits,

Figure 3.4 shows the effects of decreasing UA benéfits on the labor market when
reading the horizontal axes from right to left. The new lsvehplied by the reforms
are marked by a vertical line. The figure on the upper left shthe search effort of an
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Figure 3.5: Welfare effects of decreasing long-term ben&fit.

unemployed at the beginning of his unemployment spell. &fi@t increases as benefits
by 4 decrease, which illustrates the incentive effects of Idaeg-term benefits for short-
term unemployed. Higher search effort implies a higherfjoing rate and hence, it
becomes more likely that a job is found faster, leading togldani mean exit rate. As
a consequence, the unemployment rate in the economy goes fdowlecreasing UA
benefits as shown in figure 3.4 on the lower left. Not surpgisiness unemployment
leads to a higher vacancy-unemployment ratjovhich means that the labor market
becomes tighter for firms, although firms open less vacanitiedo the increased gross
wage.

With unemployment decreasing, there are more employeeasciimg less unemployed,
who, in addition, get lower long-term benefits. Hence, ameda governmental budget
makes the tax rate go down. Net wage, finally, is displayedardwer right figure and it
increases as long-term benefits are cut. From the wage eqyatiL1), three parameters
influencing the wage can be identified: initial search efhod the tax rate have a negative
effect, while the labor market tightness has a positiveceéfbm the bargained net wage.
Obviously, the positive effects of a tighter labor marketl @lecreasing taxes dominate
the negative effort effect. So without considering any asdfquestions, the cut éf; 4

by the Hartz IV reforms seems to be a good move against thegiwergus institution.

Now we go on and add welfare measures. Figure 3.5 shows thesvaf different
types of labor market agents and the welfare of the economyle\Wie newly short-term
unemployed win due to the reform, the newly long-term un@ygd are worse off in
terms of their expected lifetime values. The long-term upleyed are directly hurt by
the cut inby 4, SO it is no surprise that their value decreases. The sbeort-inemployed
are now subject to higher search pressure because in théube@ their benefits may
drop fromb; to an even lower level ob; 4. However, the higher search effort also
increases their job arrival rate. The value of unemployntempends negatively on the
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search effort and positively on the exit rate out of unempiegt, which can be seen
from equations (3.5) and (3.17). So, as figure 3.5 suggdstsexpected gains from
employment outweigh higher effort costs for the short-termemployed withs = 0.
The value of the employed worker is influenced by two forcesitpvely by both the net
wage and unemployment benefits. Due to the reform, net wagedases and UA benefits
are cut. For the employed worker, the gains of a higher wag@uobly compensate for
the prospective loss of becoming unemployed some time ifuthee, compare equation
(3.4). More surprising is the fact that firms lose with drompi, 4, but remembering that
gross wage increases slightly explains lower equilibriuofits. In the right subfigure,
the overall welfare effect of the reform can be seen. Weliightly increases with
decreasing UA benefits, not only as a result of welfare gairieeoemployees and the
short-term unemployed, but also as there are the formegynptoyed, who gain since
they are now employed.
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Figure 3.6: (Un)employment effects of decreasing entiéetduratiors.

3.7.2 Decreasing the entitlement period

In this subsection, the effects of a decreasing entitlemppenbds are discussed. Figure
3.6 shows the effects on the labor market when reading thedmal axis from right to

left. Like for the reduction ob 4, the search effort of a newly unemployed increases,

reflecting the incentive effects of an earlier drop to the Whéfits in a two-tier system.

Also for s it holds that higher effort leads to higher job arrival ratesflected by the

increasing mean job arrival rate A higher probability of finding a job faster results in

lower unemployment rates as illustrated by the subfiguréetawer left. Consequently,

the labor market tightness increases unambiguously, wtheacancies drop slightly.

For the budget of the government, the effects are similarded of the long-term benefit

reduction. There are now less unemployed to be financed amnel warkers financing

the remaining unemployed. Additionally, the high shortvidoenefits,;; expire earlier

now, which further relieves the governmental budget anddea tax reductions. Lower

tax rates and a higher labor market tightness do alsa ttecreases outweigh negative

effort effects in the wage equation, yielding net wage maigdardly visible, the gross

wage paid by the firms increases slightly. Altogether, thieots of entitlement duration
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Figure 3.7: Welfare effects of decreasing entitlement tiomss.

cuts are very similar to the effects of long-term benefit drop

Figure 3.7 illustrates the implications on individual vwduand total welfare. The
value of the newly short-term unemployed increases, atthahis group is affected
most by the cut. So again, the expected gains of a more likajyl@/ment outweigh
higher search costs. However, in contrast to dropping the value of the long-term
unemployed at goes up. In this context, a long-term unemployed is defineahasn-
employed whose short-term benefits terminated, so the tlefiradjusts to the current
5. Hence, the result of an increasing value for the long-tememyployed is driven by the
definition of short-term unemployment.

The value of the employed worker increases a littlesfoeductions, too. Hence, the
net wage increases still outweigh losses due to possiblepllogment and give rise to
gains on the employee’s side. Firms are again the losersefbanm which cuts benefit
entitlement duration, with their value declining rightinadhe start. As the values of all
households increase, social welfare increases as wellnAthare are the direct positive
effects of the households who keep their labor market stadditionally, the gains of
the unemployed who found work due to the reform now have adnighlue since they
are employed now. Summarized in the welfare function, thdigure on the right shows
that those gains are high enough to compensate the profisiassirms.
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Figure 3.8: (Un)employment effects of decreasing longateenefitd,; , and decreasing

entitlement duratio@® simultaneously.

3.7.3 Decreasing the unemployment assistance benefits, and the

entitlement period 5 simultaneously

Recollecting the results from a reduction of long-term besefi entittement duration

alone, the expectations with respect to a simultaneousdserofb;; 4 ands are quite

clear. The unemployment rate is still expected to go downoasthe incentive effects

from both sources are acting and still, welfare is supposegbtup. The simultaneous

reductions within the numerical analyses are done in whafigugatively call ‘Hartz

units’. As already stated earlier, the labor market refocoislong-term benefits by%

and entitlement duration by abois months. In the following, these are the steps that

are used for the successive continuation of the comparstiies.

Figure 3.8 shows the (un)employment effects of simultasodecreasing;; » and

s when reading the horizontal axis from right to left. The skaeffort of the newly

unemployed increases by more than for the single reductbrdg 4 or s due to the

combined incentive to escape unemployment before the |mgrterm benefits set in

after a shorter entittement duration. Consequently, alsettects on the mean job arrival
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Figure 3.9: Welfare effects of decreasing long-term bem&fit and decreasing entitle-
ment duratiors simultaneously.

rate and total unemployment are stronger than for the paltiereases: the former is
higher and the latter is lower now. A sharper drop in unempleyt leaves even more
room for tax reliefs than each single reform measure andxpscted, the net wage
increases. For a simultaneous change in ‘Hartz units’, thlisgross wage paid by firms
increases. As a consequence from equations (3.8) and (8rity open less vacancies,
but declining unemployment still leads to a tighter laborrkea

The welfare effects of the simultaneous changes are shofgure 3.9. The value
of short-term unemployed atincreases as it was the case for pattig| ors reductions.
An interesting question is what happens to the value of thg-term unemployed &t
It decreased fob;, 4 reductions and increased foreductions. The dominating effect for
a simultaneous reform of both policy parameters is the agirgy one. So also for this
reform scenario, long-term unemployed gain. The value abatg a firm behaves like
before; it goes down as higher gross wages have to be pailé @hployed workers are
still better off. Not surprisingly, welfare also increasesotal. Hence, in the framework
of our model a reform like Hartz 1V is not only helpful to fighbhemployment, but also
to increase social welfare.
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Figure 3.10: (Un)employment effects of decreasing lomgiteenefits$; 4 and decreas-
ing entitlement duratiom simultaneously while the economy has grown.

3.7.4 Decreasing the unemployment assistance benefitsy, and the
entitlement period 5 simultaneously in a grown economy

Finally, the joint effects ob; 4 ands decreases are considered in the model economy
which experienced economic growth. For Germany, the offig@avth rates of real GDP
can be found in Statistisches Bundesamt (2009). Economietlyiie assumed to increase
the total factor productivityd. In subsection 3.5.3, we see that average productivity
between 1997 and 1999 wa227.03 and from this value, we can determine productivity
in 1999 asl1252.07. For the evaluation of the reforms, which became effective005
and 2006, economic growth between 1999 and 2005 is takeragutount now! The
productivity in 2006 is then given bi333.39.

The implications for the labor market are presented in fi@ut@ in order to show the
steady state of the economy in 2006. The incentive effe@smiltaneously reduceg 4
ands are basically the same as in the economy without growth. &aech effort at = 0
increases and so does the mean job arrival rate. Not sungigisthe unemployment rate

31Compare section A.5 in the appendix for details.
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Figure 3.11: Welfare effects of decreasing long-term b&sygfi, and decreasing entitle-
ment duratiors simultaneously while the economy has grown.

keeps decreasing and the decline is even stronger thanutvglsonomic growth. Firms
still have to pay higher gross wages and hence, gains fromimge vacancy will be
smaller, which leads to less vacancies. However, in togldécline in unemployment
leads to a tighter labor market compared to the situatiohomit growth. Having in
mind the exit rate specification as given by equation (3.483,increase of), all other
things being equal, results in a higher exit rate and hent@nar unemployment. As a
consequence of decreases in unemployment, also the tadediees. Remembering the
wage equation (3.11), a growth dfincreases the right-hand side. However, at the same
time tightness is smaller than in the case without growthiclvioutweighs the increase
in A. Consequently, the workers are not able to profit from an as®d productivityd
and the bargained net wage is comparatively lower.

Again, the welfare effects are analyzed next by figure 3.1ie rfBsults are substan-
tially the same as for the case without growth. All househigftes win and the firms
lose. Also here, the gains of the households outweigh tree$osf the firms leading to
an increase of welfare. However, the results of this sulmsesuggest that the reforms
brought no Pareto improvement and that the positive weiaceunemployment effects
were rather small. In the next section, we decompose theailveffects of UA bene-
fit reforms in order to analyze isolated insurance and ineertffects of unemployment
benefits.
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3.8 Numerical solution lll; insurance and incentive ef-

fects of unemployment assistance benefitg 4

Quantitatively, the effects on welfare seem to be smallfavelincreased by aboutx.
This is not surprising, however, when intertemporal wtilg considered. With6.6%
being unemployed in our framework and3 becoming long term unemployed, only
5.53% of the population are affected by the reform. In an interterapsense, income
is reduced only during.53% of one’s lifetime. When current income of thesé3% is
cut by 7%, lifetime income is reduced by.39%. Hence, the apparently low quantitative
effects make sense.

In order to analyze and understand the total effect of clmnlying-term benefits
by 4 In detail, the impacts are evaluated partially. First, theegnsurance effects of; 4
are studied on a theoretical level before they are assessbhd framework of our labor
market model. Furthermore, the combined insurance anaiines=ffects of benefits for
long-term unemployed are evaluated. For all of these vanajwe focus on the impacts
of a changing 4.

3.8.1 An analytical benchmark for the pure insurance effects

The above analysis of decreasihg, in subsection 3.7.1 can be summarized by saying
that the labor market reform changes the unemployment ratéatal welfare by about
one percentage point. To gain intuition about welfare ieast let us recall the classic
result from optimal fair insurance.

An individual can be in one of the two statesploymenbr unemploymentvith
probabilityp and1 — p, respectively. Earning in the state of employment and receiving
b when unemployed, expected utility is giventay (w) + (1 — p) v (b). The government
finances benefits by a labor tax and equates income with eitpendiw/ (1 — k) p =
b (1 — p), wherep is both the probability of being employed and the share ofpihyeu-
lation which is employed. Maximizing expected utility givéhis constraint requires the
marginal utilities in both states to be equal(w) = «' (b), and a tax that implies) = b.
Identity of benefits to net wage provides perfect insuramze@nsumption smoothing
in the absence of incentive effects.

This result is now replicated for our labor market model. u#xas that the path of
effort is not influenced by the reform, so it is exogenouskegi Assume further that
the gross wage and the number of vacancies are not affecteptiagal firm behavior
is neglected. Then, keepirig; constant for simplification, a change bp 4 is simply
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a transfer of income from the state of being employed to thte stf being long-term
unemployed through the fiscal system by the tax on labor iecdviaximizing the social
welfare function (3.12) by choosirig 4 and letting the tax rate adjust accordingly, yields
(see appendix A.6)

Uy N—L [~ d
V' (w) ~¥ - | dbUAV(bUA,s)f(s)ds. (3.22)

S

In the light of standard results of optimal insurance, thipression is easy to under-
stand. Also here, the marginal utilities (intertemporalitigs, the value functions) are
compared, but furthermore the distribution of the unemmiegt spell is taken into ac-
count. This happens in two ways: first, through the share mf-@rm unemployed in
the total number of unemployed and second, through the t§efigi) - how often and
how long this state of being long-term unemployed occurs flist effect is due to the
fact that this maximization problem takes the third stateorsterm unemployment - as
given. If there were no short-term unemployed and heﬁ%éﬂ, = % the optimality
condition would read”’ (w) = [ ﬁv (bua, s) f (s)ds. This exactly corresponds to
the optimality condition from a static insurance model exgtied by the distribution as
captured byf (s).

In the next subsection, the pure insurance effects areaealunumerically in our labor
market model.

3.8.2 Quantitative benchmark results of the insurance effects

When solving the model described in the previous subsecti®id 3iumerically, some
adjustments with respect to the original setup have to beemdhsically, the labor
market model is solved for an exogen@resswage, exogenous number of vacancies,
an endogenous tax rate but exogenous search efforfThe solution structure of the
insurance effects model can be found in subsection A.7 .heodppendix.

As before, the unemployment effects are considered firsjurdi 3.12, but this time
with increasingby 4. With the search intensity path given from the pre-refoready
state, there are no unemployment effects at all. Theretiyrgamics on the microeco-
nomic level are given by the path as visible in figure 3.2. Thiy endogenous variable
in this setup is the tax rate and it is computed, once havihgeddor all values of the
households, by equation (A.19). The tax burden for the eyaas rises with increasing
long-term benefit$; 4 to keep the government budget balanced. Consequently, the ne
wage decreases accordingly for the given gross wage.

Figure 3.13 shows the distributional effects of increaghng long-term benefits in an
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economy when incentive effects are not considered. The faloevstays constant for all
by 4 as optimal behavior of firms is neglected when analyzing tiserance effects and
SO vacancies are assumed to be constant. For all individin@s/alues are increasing
in by 4 Starting from the representativg 4, they reach a maximum, and finally decrease.
Also social welfare follows this pattern. This suggestg thare is not enough insurance
against unemployment in the pre-reform economy if incengffects are left unconsid-
ered.

Figure 3.14 illustrates the effect of change$in, on the tax rate and theet wage
in addition to the value of having a job, the value of beingrsierm and long-term
unemployed, and overall welfare. In this way, the optimal resulting from equation
(3.22) can be visualized.
The figure shows that UA benefitg 4 are required to baigher than the net wage
when the pure insurance effectsbpfy are considered. The reason is that the existing Ul
benefits do not provide full insurance with a replacememt 060%. Consequentlyy; 4
must overcompensate this loss of the short-term unemplfoyredll insurance to hold.
Furthermore, the figure shows that the optihal is lowest for the employed worker,
followed by the optimaby 4 of the short-term unemployed, and highest for the long-
term unemployed, who is affected directly. The closer aividdal is to the Ul benefit
exhaustion ag, the higher is the optimai; 4, of this individual. The welfare maximizing
by 4 lies at aboub; 4, = 2000.



3.8 Numerical solution IlI: insurance and incentive effecs of unemployment
assistance benefits; 4

73

100

90

80

70

60

50

45
40
35
30
25
20

150 200 250
— — — effort at s=0

300

150 200 250 300
— — — unemployment rate

100
90
80
70
60
50
40

20

15

10

150
— — —tightness, dots: vacancies

200 250

300

150

200 250
— — —taxrate

300

0.06

0.05

0.04

0.03

0.02

100

95

90

85

150

200

250 300
— — — expectation of mue

150

200

250

300

— — —net wage, dots: gross wage

Figure 3.15: The insurance and incentive effects of uneympémt benefitd; 4 on

(un)employment.

3.8.3 Quantitative benchmark results of the insurance and the in-

centive effects

In addition to the insurance effects &f 4, the incentive effects of non-stationary ben-

efits are taken into account now and therefore, search ityeissno longer taken as

exogenously given from the pre-reform steady state. grbeswage and the number of

vacancies are treated as exogenous since optimal firm leeha\still neglected. The

formation of optimal household behavior is exactly like e tfull equilibrium model.

Consequently, unemployment is now endogenous on the macroexc level in addi-

tion to the tax rate:. Subsection A.7.2 in the appendix shows the solution siraabf

this setup.

Figure 3.15 illustrates the unemployment effects of insire@abenefit$; 4. As long-
term benefits increase, search effort at 0 declines substantially showing the negative
incentive effects of higher benefits 4. Short-term unemployed do no longer fear long-
term unemployment so much because the benefit cuvamnishes. This is also reflected
in the falling mean exit rate out of unemployment The optimizing behavior of firms
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Figure 3.16: The insurance and incentive effects of uneympémt benefit$;; , on wel-
fare.

is still left unconsidered and therefore, the number of wagzs does not change. With
the lower level of search intensity, the unemployment radesgup and consequently,
the labor market tightness reduces according to the bintdngness definition (A.24).
The second endogenous macroeconomic variable is the &aresatlting from the budget
constraint of the government. From equation (A.25), it mees clear that the tax burden
increases as there are more unemployed, who get higher tsengiierefore, net wage
goes down, keeping gross wage fixed.

The distribution effects are shown in figure 3.16. Qualtyj, the effects of an in-
creasingyy 4, while allowing for incentive effects, are completely resed compared to
subsection 3.8.2: all values decrease right from the stduis reflects the fact that now
search effort reacts to the higher benefits and unemployadjnsts accordingly. Un-
employed lose due to higher UA benefits as already suggestsection 3.7. Losses
resulting from lower expected gains of employment outweighgains from higher con-
sumption in the state of long-term unemployment. Consedyetitlabor market agents
now wish to have a lowér; 4.

In order to compare the different welfare levels implied tpy;, the values of all
agents are shown in figure 3.17 together with the tax rate lamdhét wage. Welfare
decreases are smallest for employed workers since thefi@tadt to be hurt by the low
exit rates out of unemployment. Welfare is lowest for thersterm unemployed since
they do not yet profit from the highy; 4, but still they are burdened with a low exit rate.
Unlike for the pure insurance case of subsection 3.8.2, thbeéhefits do no longer have
to overcompensate benefits for short-term unemployed, The UA benefits are lower
than the net wage for all types of labor market agents onaganse effects are taken
into account. Therefore, full insurance is no longer dekire

The last step to the complete general equilibrium effecshasvn in figures 3.4 and
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Figure 3.17: The insurance and incentive effects of uneympémt benefit$, 4.

3.5is the permission of optimal firm behavior and thus, eedogng vacancies and gross
wage.

3.9 Conclusion

The starting points of this chapter are the motivation of labor market model and a
survey of related literature. We develop an estimable seanc matching model with
endogenous search effort in a non-stationary unemployfremefit system. The main
extension compared to the existing search and matchin@tlites is the endogenous
distribution of unemployment duration that arises due wivilual choice of search
intensity in a non-stationary environment. Based on optimigroeconomic behavior,
macroeconomic quantities like the unemployment rate ateriokned employing tools
from Semi-Markov methodology.

Outcome of the optimal behavior of unemployed in the thécaetodel is a struc-
tural, duration-dependent transition rate from unemplegtrto employment of an in-
dividual being a function of various model parameters. Thassition rate is used to
determine the unemployment duration density, which is @mdfor the structural pa-
rameter estimation via Maximum Likelihood. Finally, stgestate policy changes are
simulated using the parameter estimates.

We find several remarkable results. Concerning the estimagisults, it is first dis-
covered that the parameterfrom the exit rate function is significant. This means that
the duration-dependent search effort affects the exitoattef unemployment and hence,
changing benefits does play a role for the search intensdyf@macroeconomic per-
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formance. Furthermore, evidence is found for an unobsene¢erogeneity among in-
dividuals: an estimated fraction of only abdlit’% of the short-term unemployed pass
the means test for long-term benefits, which is likely to beviim by the unemployed,
but unobserved by the econometrician if exit occurs befotdowever, this unobserved
heterogeneity obviously leads to differences in the irtlial exit rates out of unemploy-
ment. Hence, we verify true individual state dependencé®gkit rate as well as state
dependence implied by unobserved heterogeneity.

The simulations of different reform scenarios, on the otend, allow for the as-
sessment of individual and aggregate labor market and rge#fifects when the length
and level of unemployment benefit payments are changed. Ascample of such re-
forms, the effects of the recent German labor market refarasevaluated. First, we
analyze each reform measure partially before we finallyysthd combined effects. To-
tal unemployment decreases due to the reform and so doesxtngté. The impacts on
the different labor market groups are differentiated: talfy, the households win and
firms lose. Therefore, the reforms fail to establish a Parepwovement according to our
model, while increasing total welfare. Moreover, partigdurance and incentive effects
of long-term benefits are analyzed. Regarding the pure insaraffects, the main find-
ing is that a complete insurance against unemployment dué benefits below the net
wage requires UA benefits which exceed the net wage. Pamgittcentive effects of the
benefit system restores the known relations: optimal berfefitong-term unemployed
do not establish full insurance against unemployment.
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3.10 Individual contributions to the sections of chapter 3

As mentioned earlier, the paper of Launov et al. (2009) lsuilek basis of this chapter.
My individual contributions are as follows:

e 3.1 Introduction:10%

3.2 Different strands of literatur@é00%

3.3 The model33%

3.4 Equilibrium properties33%

3.5 Structural estimatiori%
» 3.6 Numerical Solution 150%
e 3.7 Numerical Solution 1190%

» 3.8 Numerical Solution 11160%

3.9 Conclusion60%

Matlab source code for the steady state computations (s#esed CD)90%

With respect to the paper in its version from April 2009, tbiapter was extended by
sections 3.2 and 3.6-3.8.
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Chapter 4

Semi-Markov processes in labor market
theory

4.1 Introduction and underlying setup

Semi-Markov processes are, like all stochastic processasels of systems or behavior.
As extensions of Markov processes and renewal processes;Ns&kov processes are
widely applied and hence, an important methodology for ninde Semi-Markov pro-
cesses are used in computer science and engineering, @€geumg theory and server
models, see Cohen (1982). In finance, for example, creditgand reliability models
are based upon Semi-Markov theory like in D’Amico et al. (@0@ther applications in
business administration are operations research likebel&md Heyman (2003), as well
as manpower models as described in Mehlman (1979). MoreBeeni-Markov mod-
els are employed in sociology or socioeconomics, see Mil®4) for a model of the
marriage market. In biology and medicine, Semi-Markov peses are used for progno-
sis and the evolution of diseases, see Beck and Pauker (1888uoher et al. (2005).
For demographic questions, models of disability or faytilsemi-Markov processes are
employed, too, see Hoem (1972).

Consequently, Semi-Markov processes are interdisciplimgportant and, of course,
also economics has discovered the usefulness for modebngs. Already Markov pro-
cesses, which can be seen as a special case of Semi-Markespes, are widely used to
describe the different states of an economy or an individDapending on the currently
occupied state only, there are different transition ratesther states. Possible applica-
tions of Markov chains in economics are standard matchindetsoof the labor market
as described in Pissarides (2000) or money demand modelmlikiyotaki and Wright
(1993). In this chapter, we will focus on the former ones asniethods presented build



80 Semi-Markov processes in labor market theory

the background for the numerical solution of our labor mankedel in chapter 3.

Typically, the possible states of an individual in the labmarket areunemployment
or employmentand the transitions between these states are described tkpWiaro-
cesses. For simplification, most of the models in literatake the transition rates be-
tween the labor market states to be constant, see the stamdsérhing setup in Pissarides
(2000), Pissarides (1985), Mortensen and Pissarides J18894example, or Rogerson
et al. (2005) for an overview. This simplification may be agprate for many questions
if incentive effects of labor market institutions can be leeted. For other applications,
however, this assumption needs generalization. When thavhehof individuals and
the incentive effects of unemployment insurance systems$oabe analyzed, for exam-
ple, stationary job arrival rates over the unemploymenti spe no longer realistic, see
Mortensen (1977) amongst others. In fact, it is plausibé the arrival rate of jobs ex-
hibits true duration dependence. Reasons for this can bel fiousearch effort reactions
due to non-stationary benefits or stigmas attached to oepeat by long-term unem-
ployed. Empirical evidence with respect to non-statiorfayard rates can be found in
Heckman and Borjas (1980), Meyer (1990), or van den Berg andDwas (1994), for
instancet However, models considering duration-dependent hazaes axe typically
restricted to analyze microeconomic behavior only and,tthesSemi-Markov structure
is negligible as the first order condition for optimal belwus unaffected. Therefore in
chapter 3, a full equilibrium labor market model is built uglwnon-stationary exit rates
out of unemployment and the parameters of the model are a&stihstructurally.

Allowing for duration-dependent transition rates has rodtilogical consequences
regarding the state distribution of individuals. Analglisolutions for transition proba-
bilities and distributions are no longer feasible for suabdels having non-analytic and
non-stationary transition rates and numerical solutionhods are required. Thus, the
purpose of this chapter is twofold. First, an accurate, btuitive definition and clas-
sification of Semi-Markov processes among the family of lsastic processes will be
given, emphasizing the application to labor market modeéond, it provides a recipe
of how to solve for the transition probabilities of Semi-Mav processes, as well as the
description of the limiting behavior.

In a first step, this chapter presents the Semi-Markov th8drg properties and tran-
sition probabilities, as well as the limiting behavior aiscdissed on the basis of Pyke
(1961a) and Pyke (1961b), Kulkarni (1995), and Ross (1996)léatie transition proba-
bilities of continuous-time Markov chains are computechgshe Chapman-Kolmogorov
equations, which can be solved analytically, for Semi-Margrocesses, the correspond-

For a discussion of non-stationary hazard rates and pessibirces, see subsection 3.2.2.
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ing probabilities are based on the renewal argument ancobatron theory. An analyt-
ical solution is very difficult in this case and impossible the setup of chapter 3, so
the determination of the transition probabilities and @& fiimiting probabilities is about
numerical solution methods and it makes sense to deal wipecifsc example. Consid-
ering the economic model of chapter 3, there exist two graupkse labor market like
in the standard model: the unemployed and the employed wrKenis makes things
as simple as possible, but clearly shows the solution appraathe same time. The
job of an employed worker is destroyed at an exogenous deparate A and so the
waiting time until job destruction is exponentially diguted with parametex. An un-
employed job seeker with unemployment spedlets new offers at rate (¢ (s) 0,7 (s)),
whereg (s) is the job search effort of the unemployed with spel is the labor market
tightness, and (s) is an exogenous spell effectHaving an unemployment insurance
system with non-stationary benefits, it makes sense to asthahan unemployed indi-
vidual adjusts his search effort over the spell. With insmneg unemployment duration,
for example, the lower benefits of long-term unemployed geser. Thus, it is plausible
that effort increases before long-term unemployment ibzeé Assuming that the job
arrival rateu (¢ (s) 8,7 (s)) increases with search effort, this partial effect wouldllea
an increasing job arrival rate. The duration-dependerit sffect 7 (s) catches remain-
ing duration-dependent factors, which may affect the jolvarrate. This partial effect
is discussed in chapter 3 in detalil, where it leads to a detrggob arrival rate for long-
term unemployed.

In this chapter, however, we focus on the pure duration dégrere and not on its sources.
Therefore, we neglect all other arguments band reduce the notation {o(s) for sim-
plification.

In chapter 3, the steady state behavior of the model econs@aydlyzed. Using the
optimal search effort of an unemployed over the unemployrseell, we derive the den-
sities for the duration in both states. With these densitiesparameters of the structural
arrival rate are estimated with micro data from the GSOEPe8a® the parameter esti-
mates, the job arrival rates can be computed as well asti@nprobabilities and hence,
the state distribution for an economy of representativenegean be determined apply-
ing the methods derived in this chapter. The knowledge o$tate distribution makes it
possible to evaluate the Hartz IV reforms in terms of unemplent and welfare effects
by models like the one in chapter 3.

The starting point for the calculation of the transitionpabilities are interdependent
\olterra integral equations of the first and the second kiid¢ch can be derived applying

2Compare subsection 3.3.1 for details on the modeling ofdhejrival rate.
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the Semi-Markov theory. The key issue is to solve the inlsgvehich contain unknowns
and cannot be solved analytically. To this end, the probktransformed into a discrete
one and numerical solution methods are discussed. Theatfiffenethods have different
advantages and drawbacks. As a rule, the more precise aansthbe longer the com-
putation takes, leading to a time-preciseness trade-die different numerical results
for the transition probabilities are therefore collected aliscussed. First, the special
case of constant arrival rates is considered. The Semi-®gskocess is a continuous-
time Markov chain then, for which the transition probakskt are known. Hence, the
numerical solutions can directly be compared to the arglsolution. Permitting non-
stationary arrival rates, with the setup taken from chaptarcomparison to an analytical
solution is no longer possible. Hence, the numerical mestoash only be studied inde-
pendently and with respect to the limiting behavior. As etpd, the more complicated
method provides the more exact results for the transitiobailities. Since this already
applies to smaller step numbers, the computational effothe more complex method
can be outweighed by using less steps. This also applieg toriting distribution.

The outline of this chapter is as follows. Section 4.2 déswithe basics of Semi-
Markov processes. From section 4.3 on, we apply the Semkdtaheory to our labor
market model presented in chapter 3, in order to illustrateti®n procedures for tran-
sition probabilities of Semi-Markov processes. In secddoh, numerical solution pro-
cedures are described. Section 4.5 presents and comparesttiomes of the different
numerical methods and section 4.6, finally, concludes vaghfindings of this chapter.

4.2 Semi-Markov processes - the basics

This section deals with the basics of (Semi-)Markov proegskEirst of all, like Markov
processes, a Semi-Markov process is a stochastic procesteciastic process collects
realizations of one or more random variables over time aadhbory of stochastic pro-
cesses tries to find models which describe such probab#igstems. One can distinguish
between discrete-time processes and continuous-timeggses. While the system is ob-
served at discrete points in time only in the first case, tie@ntinuous observation
given for the latter. Throughout this chapter, we focus @dbntinuous-time versions.
The starting point of this section is a brief introductiorMarkov processes since many
well-known concepts also hold for Semi-Markov processefterAhat, the definition
of Semi-Markov processes will be given and their propemtésbe outlined. The sec-
tion concludes with a derivation of conditional transitiprobabilities of Semi-Markov
processes.
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4.2.1 Continuous-time Markov chains

Markov chains are stochastic processes and have the prapéeing memoryless. This
means that a continuous-time Markov chain (CTMC) is a sequein@alized states and
the transition probability to another state depends ontinesnt state only and not on the
history of states. Therefore, for the continuous-time Mar&hain the following Markov
property holds:

P{X({t+s)=jlX{t)=0i,X(u):0<u<ty=P{X(t+s)=jlX(t)=1},

whereX (t) denotes the state of the system at tih@d X (v) : 0 < u < ¢ denotes all
statesX (u) in the history from0 up tot¢, compare Kulkarni (1995). In other words, this
property means that the probability of being in statdt + s, given that the system was
in state: att and the complete history of states, is equal to the prolabifithout the
information on the complete history.

The duration period of a CTMC in states exponentially distributed with parameter
A\, SO the probability of leaving a statéowards anothearbitrary state in a spell of or
less is given by

0 if <0
F(S):P{SSS}:{l—e_’\”” if x> 0.
The state duration period of leaving stateowards aspecificstate;j is exponentially
distributed with parametek,; > 0. By definition, it holds thatz#i Aij = Ni. The
parameters\; and )\;; are also called transition or hazard rates, which beconess cl
when considering the definition of the hazard. The hazaselisathe probability of in-
stantaneously leaving statatt, given that state has been occupied til] see Lancaster
(1990). Therefore, the hazard rate for leaving stabeany state is the probability density
function of the duratiory (¢) divided by the survival function in this statel — F'(¢):

t
h(t) = 1f—%

Aief)\it

it

Equivalently, the hazard rafg; for leaving stateé and going to statg can be determined.
The states of a Markov process and the corresponding ti@nsites can be visualized
in rate diagrams. Figure 4.1 shows the rate diagram for astate Markov process. Let
the states be staté’‘and state 1’ and the transition rates,; and\,, be given byu and
A3, respectively. Clearly, in a process with two states, the odfeaving: and going to

3The variable)\; with a subscript denotes general arrival rates, while thi@lske \ without any sub-
scripts is often used for separation rates in job search Iodkis notation is kept throughout this chapter.
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Figure 4.1: Rate diagram for a CTMC with two statésafid 1). The states are rep-
resented by the ovals. The transition rates are given atrtoevs that symbolize the
transition.

J» \ij, Is identical to the rate of leaving \; = Z#i Ai;. Therefore, the rates are simply
given bylg; = Ao = pandi;g = Ay = A,

The transition probability matri¥ = [p;; (¢)] contains the probabilities that the sys-
tem which is initially in state will be in statej att, P {X (¢) = j|X (0) = ¢}. Inorder to
compute these transition probabilities, the Chapman-Kgbmav equations can be used,
for details see Ross (1996), for instance. In contrast torelisdime Markov chains
(DTMCs), where the limiting behavior depends on specific progs of the DTMC, the
limit of a CTMC transition probability matrix always exist§he limits are given by

1
lim p;; (t) =
t=oo" 7 Ajnij
and ;
t=o0" i

where f;; is the probability that the spell of statas less than infinity and a transition
occurs toj, fi; = P{T; < co|X (0) =1i}. Tj is the first time the CTMC enters state
j andn;; is the expected reoccurrence time of statgiven that the initial state ig,
n;; = E[T;|X (0) = j]. A proof is provided in Kulkarni (1995).

The interpretation of the limit op,; (¢) is as follows:1/); is the expected duration in
statej and once the process leaves sfate;; is the expected time until re-entering state
j.

For the limiting probability of ending iy when starting irn;, one needs to know how
likely a transition from: to j in a period less than infinity is, which is given by, =
P{T; < c0|X (0) =1i}. Once the system enters stgteonly the limiting probability
for ending in statej upon beginning in statg is needed, which we just determined
asp;; (t) = 1/(\;n;;). The joint probability is then the product of both probéisi,
thereforef;; is multiplied by1/(\;n;;).
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The limiting probabilities are illustrated by returningttee example from figure 4.1.
The rate)\; is given by\; = X\ and the rate\, by \; = i. The expected reocurrence time
n;; is given by the sum of the expected duration in both statgs+ % + 5. So, the
expected duration in stage1/);, and the expected duration in state/)\;, after having

left statej are added up. Having all this in miniy, . p,; (1) = A_}]__ become$
t—o00 + A\ t—00 n+ A

In standard labor market models with the two staegploymenandunemploymenthis
limiting distribution is equal to the equilibrium unemplognt rate and employment rate,
respectively, which can be shown by using a law of large nusbe

CTMCs whose expected returning time for a state is less thamtinéire calledergodic
and they have an interesting property. Namely, the limitdisgribution of the states does
not depend on the initial distribution of states, = lim, .., P {X (t) = j|X (0) = i}.

In this case, the limiting distribution can be computed bingghe so-called balance

Zpi)\z‘j = Z PjAjis

jes jesS

equations,

combined with the condition that all probabilities must sumto 1,% . ¢p; = 1. The
idea behind the balance equation is quite simple: in the,liflews out of state must
equal flows into state. This property also leads to the well-known expression lfier t
equilibrium unemployment rate in standard matching mowdsls constant arrival rates.

4.2.2 Semi-Markov processes

Also for Semi-Markov processes (SMPs) it holds that onlydbgent state is relevant
for the transition rates - and in this sense, there is stilnorylessness. However, the
transition rates to other states may change over the dorafi@ state and therefore,
the inter-arrival times between subsequent states arenget@xponentially distributed.
Thus, the extensions compared to CTMCs are an arbitrary dardistribution and non-
stationary transition rates.

A natural way to approach SMPs is through renewal theoryrevimter-arrival times
between events do not need to be exponentially distribliedthis purpose, it is helpful
to define a Markov renewal sequence as a sequence of a lvearatom variable first.

4In a system with two states, the remaining limiting prohiéib# are computed biym; o p;; (t) = 1—

lim;_., pi; (t). Hence, the limiting transition probability from statteo state0 is lim;_., p1o (t) = ﬁ
and the limiting transition probability from stafeto statel is lim;—. o po1 (t) = u%
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The two elements of this bivariate random variable are treeodation timeS,, of the
nth transition and the correspondimgh observationy,,, n > 0,Y,el = {0,1,2,..}.
The joint probability of observing,,,; = j in an inter-arrival time of5,,,; — S,, < z,
conditioned on the observation history, satisfies the Magkoperty,

P{Yn+1 = j, SnJrl — Sn S .Z’|Yn = i, Sn,Ynfl, Snfl, ,YE],O} ==

Finally, a SMP is a stochastic process that records thedfttite Markov renewal process
at each point in time, see Pyke (1961a).
More formal, let{(Y,,S,),n > 0} be a Markov renewal sequence. LEt(t) be the
state with the last completed state spell befor& () = sup {n > 0:5,, < ¢}, and let
X (t) = Ynw. Then, the stochastic procegX (¢) ¢ > 0} is denoted as a Semi-Markov
process. The matri&' () = [G;; (v)] as defined in equation (4.2) is called #ernelof
the SMP, compare Kulkarni (1995).

Next, we discuss some properties of SMPs, which help toigjasem. A SMP is
time-homogeneousjust the interval until the next transition matters foetprobability
- not when this interval started, or more specific

P{Yn—i-l:jasn+1_8n§x|yn:Z}ZP{Yl:]751 S.CL”YE):Z}

A SMP is calledregular if there is only a finite number of transitions possible in @&n
time period. The SMP isreducibleif each state can be reached from any other state; the
states are said to communicate with each other in this cas¢atgy is calledrecurrent
if the process returns to this stateén a spell less than infinity and it is callédhnsient
otherwise (if it never returns). A state is denotedoasitive recurrenif it is recurrent
and the expected returning time to stategiven the process started inis less than
infinity. For a SMP, a recurrent staias calledaperiodicif it is possible to visit this
state anytimePeriodicitywith periodd is given if a state can only be visited at positive
multiple integers ofl, d > 1, see Ross (1996). Therefore, aperiodicity actually means
d = 1. The initial distribution vector of states = [a;| reports the probability that the
state of the system isat the beginningg; = P {X (0) = i}. Finally, a regular SMP is
fully specified by the initial distribution of statesand the kernelz (z) = [G; (2)].
Example. In standard labor market models with two states, all statethe SMP
communicate. Furthermore, the SMP is regular, positiverreat, irreducible, and fi-
nally, aperiodic. It is intuitive why: the statsnemploymenis accessible from the state
employmenand vice versa. Hence, the states communicate and the SMBdagible.
The SMP is regular because the probability of very shorttthna is less than one. This
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means that finding a job or loosing it normally needs some.tilnis positive recurrent
because the expected ‘revisiting’ duration for an unemgaiogr an employed is less than
infinity. The SMP is aperiodic because obviougly- 1 in this two-state process.
Deriving the conditional distribution of the states in a SMIP (¢) ,t > 0} at a fixed
t > 0 requires something like the Chapman-Kolmogorov equatibasfor SMPs. In
doing so, the renewal argument is used to develop integuetems, which is postponed
to the next subsection. The numeric methods described irethainder of this chapter
then deal with the computation of these integral equations.
For positive recurrent, irreducible, and aperiodic SMRs, limiting probability of
being in statg when starting in stateis independent of,

. . . Uy
= 1im P{X (t) = j|X (0) =i} = =20 4.3
i = Jim PAX (1) = 1X (0) =1} = g2 (4.3)

wherer is a solution tor = 7G (o0) andry is the expected duration in state & =
0,1,2,..., see Kulkarni (1995); also a proof is provided there.

For a labor market model with the two staie@employment) an@ (unemployment),
the kernel is given byxo (00) = 1 andGy, (o00) = 1, hencer = (1,1) satisfies the
equationt = wG (o0). Therefore, equation (4.3) becomgs = WO"TOm The limiting
probability of being unemployed is given by the expectedatian of the state unem-
ployment divided by the sum of the expected duration in the states unemployment
and employment. According to Cox (1962), this holds for arsgrdiution.
Consequently, the limiting distribution in a two-state labwarket model, with duration-

dependent transition ratgs.) and\(.), becomes

Po = fooo exp {_ foz M (U) d’l)} dx
fooo P {_ fox A(v) dv} dx + fooo exp {_ fom p(v) dv} dx’

p1=1—po.

(4.4)

Equipped with this intuitive, but also formal classificatiof Semi-Markov processes,
the next subsection describes the derivation of the tiangtobabilities with the integral
equations mentioned above.

4.2.3 Transition probabilities of Semi-Markov processes

Now we turn to the transition probabilities of SMPs. This sedtion states the general
notation and the mathematical basics used throughout hiaister when computing the
conditional transition probabilities of a SMP. Pyke (196&ad Pyke (1961b) are the

5See appendix chapter B.1 for a derivation.
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seminal articles mentioned in nearly every work about Selaikov processes. A very
accessible presentation embedded in a general introductistochastic processes can
be found in Kulkarni (1995).

However, before deriving the equation for the distributadrstates, some more def-
initions and clarifications are needed. Lt denote the state of a system after il
transition and let this state belet the point in time of thexth transition be denoted by
Sh.

The conditional probability of going from statd¢o statej in a time interval ofz or
shorter is given by

Qij (#) = P{Yot1 = J, Sup1 — Sn < 2| Y, = i}

Besides the fact that it might not be 1 for— oo, );; (z) features all properties of a
distribution function, compare Kulkarni (1995). Specifiga();; (x) is non-decreasing
inz, %;(‘T) > 0.

Example. A worker jumps between the two labor market states with thgadrates
being either constant or duration-dependent. As alreadtioreed earlier, the process is
a CTMC in the first case and a SMP in the latter. Such a procetisalled alternating
renewal process because it alternates between these tes. stde probabilities that a
jump fromi to j occurs in a time period shorter or equakt given for these alternative

cases by

O () = { 1 —e @ } o { constant\ | @.5)

1 — e Jo AMw)dy duration-dependenk (y)

Qo1 (z) = { boe ™ } for { constany.

1 — e Jo r@dy duration-dependent ()

assuming that the starting point of the time interval and the endpoint is. Due to the
homogeneity of the SMP, the probabilities and distribugionly depend on the interval
lengthz and not on where the interval is situated on the time &Xike probabilities of
remaining in a given state, the duration distribution, fareatain amount of time: are
given in the duration-dependent case by

Qu (z) = e AW Qg (z) = e~ Jo 1w, (4.6)

The probability thatany transition takes place in the spellis given by summing up
the leaving probabilities for each possible stat€); (r) = £;..;Q;; (z), not taking into

6S0, it holds that);i, (x) = Q. (7|t) wherer =t + .
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Figure 4.2: Three possible ways of starting in statg¢ = 0 and ending up in statea
time periodz later.

account transitions fromto <. In a process with two states only, this becomes

(@ (m) = Qo (l’) , Qo ($) = Qo1 (m) . (4.7)

Having done this preparation, we can now compute the prbtyadi being in statej
atz, conditioned on starting from stateoday. There is a ‘black box’ on the way froim
to j: we know that the system is in stateoday and in statg a periodz later, but neither
do we know when this transition occurs nor whether it occinesctly or via other states.
Consequently, all alternative ways of starting iat¢ = 0 and ending up iy atz have
to be taken into account. Figure 4.2 illustrates some pihisigib for a continuous-time
SMP with two states to start in statand to end up in statea time periodr later.

Translating all potential transitions that could occurhatt‘black box’ for a multi-
state process into mathematics gives the following expess

Py () = 8 [L = Qu(o)] + Sus [ " Que (& — v) dpry ()
=0, [1 — Qi (z)] + Xpz /Ow dQix (V) pj (x —v). (4.8)

Integral equations like equation (4.8) are Volterra eaquratiof the first and second kind,
see Polyanin and Manzhirov (1998), for example. Equatiatesy (4.8) gives the prob-
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ability that the process startingitwill be in j by x, see e.g. Kulkarni (1995) for a proof.
The integralf,” Qx (x — v) dpy; (v) is called the convolution o, (.) andpy; (.), which

is denoted by, * pi; (). In the transition to the second line of equation (4.8), i<
mutativity of the convolution is used);;, * py; (z) = pij * Qir ().

The interpretation of equation (4.8) is as follows: the fpatt of the right-hand side is
the probability that the system, being in stat@ever leaves stateuntil the end of the
periodz. In this casei = j andd;; = 1, sol — Q; (x) is the survival probability in state
i. This case corresponds to the upper subfigure of figure 45241, thend;; = 0.

The second part of the right-hand side of equation (4.8kctdlall cases in which the
transition fromi to j occurs via another state# i, applying the renewal argument. First,
the probability that the process stays in stdi@r a period of lengthy and then passes to
statek is considered, captured I6Y; (v). Passing to this new statecan be interpreted as
a renewal of the process because the expected behaviormiitess from then on is the
same as whenever the process enterldence, the probability that the process which is
in statek atv will be in statej atx has to be taken into account, capturetpby(z — v).
As the transition fromi to &£ could occur anytime betweénandz, all possible transition
times have to be covered by the integration overThe cases, in which the transition
occurred via other states is illustrated fet j in the two lower subfigures of figure 4.2.

Equation (4.8) can be rewritten, provided tiat, (v) is once differentiable, as

dQ“‘“v OFn (4.9)

pij () = 645 [1 — Qi (7)] + Bgzi /Om prj (x — ) g

This equation is the origin for the following analysis basedabor market applications.
As the ;. are expected to be known and differentiable in economiciegmns, the
starting point here will be equation (4.9) rather than eiguai4.8) without loss of gener-
ality.

4.3 Semi-Markov processes with two states

As stated earlier, this chapter picks the example of ourrlaisrket model from chapter
3. There are the two labor market stateemploymeni)) andemploymen(l) and thus,
four transition probabilities for the future: an unempldyemployed person can either
be unemployed or employed at some future point after a spelet these probabilities
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be denoted by;; (x). Writing them out in terms of the general equation (4.9) gives

poo () =1 —Qo () + /Or pio (z —v) dQS;v(U)dv, (4.10a)
¢ dQ1o (U)

1 = - ) .10b
p1o () /o Poo (. — v) T dv (4.10b)
pu(x) =1—Q (z)+ /O po1 (2 — ) dQ;;(v)dv, (4.10¢)
po1 (v) = /0 pu (z —v) %ﬁ}(v)dv. (4.10d)

In the remainder of this section, we first discuss a specsd ocda SMP, namely one
with constant arrival rates for both states. Since the SMiisisa CTMC in this case, the
results for the probabilities from the SMP theory can be careg to the known results
from CTMCs. This model is then extended in the way of chapter [3re there are
constant arrival rates in the state of employment and curatependent arrival rates in
the state of unemployment.

4.3.1 Computing transition probabilities for constant arrival rates

Assuming a continuous-time setup, where the transitiesriiom one state to the other
are constant, the well-known expressions for the tramspi@babilities of being either
unemployed or employed depending on the current state caerbeed. Letp;; (x) be
the probability that a system being in stateill be in state; at a spell: later. Starting
from the Chapman-Kolmogorov backward equations, a systediffefential equations
can be derived. The solution to this system gives the triangprobabilities:

oo (z) = . i =+ . i /\e—[#+>\}x7
p1o () = ui)\ _ . i )\ef[uﬂ]z’
pu (2) = . i <+ . i )\e_[,u-‘r)\}x’
po1 (z) = p i Y n f: Ae‘“‘*”ﬂ (4.11)

see Ross (1996) or Kulkarni (1995), for example. In the linsitta— oo, the second
terms of the probability equations approach zero. Heneelithiting distribution does

not depend on the initial distribution of states, §0= py1 = p11 = ﬁ andp, =

P1o = Poo = ﬁ Since CTMCs are special cases of SMPs, we will now show that the
transition probabilities (4.11) are special cases of theengeneral equations (4.10) for
transition probabilities of SMPs.
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First, the derivative o)y, (v) is prepared,

dQu (v) _ e, (4.12)
dv

Inserting this into the transition probability equationl@) for SMPs yields

po1 () = M/ p11 (x —v) e Hdv.
0

From subsection 4.2.3, it is known that the convolutiom@fand (), is commutative,
that means the convoluted functions and the arguments caridsehanged. Applying
this gives i

por (7) = p /0 pu (v) e My, (4.13)

Next, the time derivative of equation (4.13) with respectrtes computed using the
Leibniz rule for integral functions, compareaide (2008),

Por () = p {pll (z) — M/ P11 (v) e M=y
0
Finally, replacing the convolution by, (x) from equation (4.13) yields

por (z) = p[p1n (x) — por ()] = ppu1 () — ppor (x) - (4.14)

This is the expected differential equation which can bevgeras well from the Chapman-
Kolmogorov backward equations. For the remaining thretestahe corresponding dif-
ferential equations can be determined in the same manndvin§ahese differential
equations gives the probabilities (4.11). Hence, intémpgethe CTMC as a SMP with
constant arrival rates leads to the same transition protedi

4.3.2 Computing transition probabilities for general arrival rates

From this subsection on, we use duration-dependent jolaérates as given in our labor
market model.
Having non-stationary job arrival rates, the derivativesoading to equation (4.5) are

given by
dQo1 (v) = Jo n(y)dy d /v — o~ Jo ny)dy
= b ] ply) dy = e o H9%p(v)
dQlO (U) e o ,\dyi /v /\dy — e I )\dy)\‘
dv dv J,

"Extending the model additionally by a non-stationary johshemployment transition rate is also pos-
sible and would not change the general proceeding.
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Together with equation (4.7) and the derivatives, the ttamsprobabilities from equa-
tion (4.10) become

poo () = e T HOh /0 pro (= v) e B MOy () do,  (4.15a)
pio (z) = /Ox poo (= v) e Jo M \do, (4.15b)
pu (z) = e Jo My 4 /Ox por (z —v) e Jo A dy, (4.15c)
po1 () = /Ow pu (z —v) e Jo POW 1 (1) du. (4.15d)

These four equations are central for deriving the transpimbabilities of SMPs. Obvi-
ously, equations (4.15a) and (4.15b) as well as equatiohS¢¥and (4.15d) are interde-
pendent. The equation fpg; () depends opy; (x — v) and the equation faw;; (), in
turn, depends opy; (z — v). The transition probabilitieg,; (x) andpy; (z) can be de-
termined first and then the transition probabilities for thenplementary eventg;, (z)
andpg (), can be obtained immediatély.

One way to solve the probabilities analytically is the LapksStieltjes transform,
compare Kulkarni (1995). The striking fact with respect tuations (4.15a)-(4.15d)
is that an analytical solution is not feasible in cases likernodel because the job arrival
rate has no analytical solution. Therefore, the remaindiéhis chapter deals with the
numerical solution of the interdependent integral equisti@.15a)-(4.15d).

4.4 Numerical solution of the transition probabilities

In order to solve the transition probabilities at some pairitme x numerically, at least
two of the integrals in equations (4.15a)-(4.15d) have tdrhesformed into discrete
integration problems. To this end, the interval of lengtis divided intoz discretization
steps first. The distance between subsequent steps, theidtepish = =/~ and the end
point of the intervak is represented byh. Thus, equations (4.15a) and (4.15b) become

. ) ) zh y
pon ) = ¢ [ O 61) g (e — in) ) (4.26)
~—

/

0 N~

=Qoo(2h) =g(ih)

8After having solved for two probabilities, the remainingptare the probabilities of the complementary
events and can be solved by subtracting the respective lhtyp&rom 1. Thus, an unemployed today can
be unemployed at, for which the probabilitypy () can be computed. The complementary event for the
unemployed today would be occupying a jobxatAs there are only the two possible state@mployment
andemploymentthe probability for the latter is given yp; () = 1 — poo ().
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and

pro (2h) = / thféh M \poo (zh — ih)d (ih) (4.17)
’ =1(ih)

In general and independently from the numerical integrati@thod, the approximation

of the integral gets more precise the more steps are usedirdwback of having a better

precision with more steps is the prolonged computing timmetfe integrals.

Furthermore, a numerical integration method has to be chwserder to approxi-
mate the area beneath the function. In this section, two noalentegration methods
are presented and compared in the context of the Semi-Mdrkogition probability
problem. In subsection 4.4.1, the very basic rectanglg@raten method is introduced,
while subsection 4.4.2 deals with the trapeze integrafidrese rules can be subsumed
under the Newton-Cotes quadrature formulas. A general ptasen can be found in

Judd (1998) as well as in Schatzman and Taylor (2002).

4.4.1 Rectangle approximation

This subsection describes the numerical solution of egoat{4.15a) and (4.15b) by
using the rectangle approximation of integrals. As theilisteseveral variations of the
rectangle approximation, the first step is to present themgéndea of computing an
integral via rectangles as the basis of all variations. Tl of the variations, the
algorithm using left rectangle integration, is discussedatail.

The general setup

As the nameectangle approximatioalready suggests, it consists of adding up the areas
of rectangles beneath a function, safy). The width of every rectangle is the step-width
h and the height is the function valugih) at the current position of the indéxHence,
the rectangle area is computed /by~ (ih).

Possible variations of the rectangle method refer to thetfon valuey (.), which
determines the area of the first rectangle. In literatur@etimethods are distinguished,
see Schatzman and Taylor (2002). Figure 4.3 illustratediffexent methods.

As for the right rectangle method, the first rectangle is tewith heighty (0), hence
the area to the right af is computed. Consequently, the rectangles fiem0, ...,z — 1
are added. The left rectangle method begins with the relgadheight~y (1) which
means that the area to the left i is considered. In this case, the rectangles from
1 =1,...,z are added. For the midpoint rule, the first rectangle takéreisne with height
v (0.5h), so the function value in the middle of each interval is usecbm figure 4.3
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Y(ih)
A

_h
0 1h 2h 3h 4h 5h ih
Y(ih)
A h
0 1h 2h 3h 4h 5h ih
Y(ih)
A

_h

\\

0.5h 1.5h 2.5h 3.5h 4.5h ih

Figure 4.3: The three subfigures show the approximationeétha beneath the function
via rectangles and the function values used for the reatanglhe upper figure presents
the right rectangle method, the middle figure the left regamethod, and the figure
below the midpoint rule.
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becomes clear why the rectangle method is a so-cafpeth rule none of the variations
uses both interval endpoints, compare Judd (1998).

In the following, the left rectangle rule is discussed inadlevithin the Semi-Markov
framework. The other two rules can be derived similarly.

Algorithm Left Rectangles

As mentioned above, the first function value needed for thedetangle algorithm is the
one ati = 1. Hence, by using the left rectangle approximation amtiscretization steps
the integral becomes

/Oxv (v)dv = hy (1) + hy (h) + hy (2h) + ... + hy (zh) (4.18)

ZhZW(ih%

wherezh = x is the interval endpoint. Using the numerical integratignation (4.18),
the transition probabilities for Semi-Markov processe4%4) and (4.15b) become

poo (2h) = M k) Ly e P2k B0 (i) g (2 — ] B)

=Qoo(=h) = =g(ih)

= Quo (zh) + h Y g (ih) (4.19)

and

pro(zh) = by e " Eiet apgg ([ — i h)
= =5 (in)

= Z f (ih). (4.20)

Starting from the given initial values, (0) = 0 andpy, (0) = 1, the probabilities for
any z can be computed successively, which is shown in the follgwailgorithm.

e |nitialization forz =0

The initial valuespy, (0) andp;, (0) can be deduced intuitively. If a worker is
unemployed today and no time goes by, there is no chance rfiortdibecome
employed. Consequently, the probability of staying unerygydois equal to one,
poo (0) = 1. Equivalently, for an employed worker there is no risk of npoy-
ment if no time goes by, which meaps, (0) = 0. Therefore, the initialization for
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the transition probabilities is given by

poo (0) =1
P1o (0) = 0

)

e 2=1

Starting points are, like at the beginning of every step,tthasition probability
equations (4.19) and (4.20). Setting- 1 yields

poo (h) = Qoo (h) + hg ()
= e g hem Oy (h) pig (0)

and

P10 (h) = hf (h)
= h)\(i_)\hp()() (0) .

The computation of the unknowms, (k) andpg (h), givenp (0) andpg (0), is
now straightforward.
» z = 2 and subsequent steps

Evaluating equations (4.19) and (4.20) for= 2 and using the definitions of
Q11 (ih), Qoo (ih), g (ih), andf (ih) gives

2
Poo (2h) = Qoo (2h) + hz g (ih)
=1
2 2 L
= e PR nlil) N " e h e ) 1 (i) pyg ([2 — 1] h)
=1
and
2
pro(2h) = by f (ih)
1=1

2
=hA) e Ek=Apg ([2— i) h) .
=1
The further procedure for > 2 is similar. In this way, the transition probabili-
ties within an interval can be computed step by step untipttedabilities for the
desired point in time are reached.
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AT T

v(ih)

0 14 2h 3h  4h 5h ih

Figure 4.4: When using the trapeze rule, the area beneathiicédn is determined by
adding up the area of the trapezes with step widts well as side lengthg(ih) and

v ([ = 1] h).

4.4.2 Trapeze approximation

The second approximation rule discussed in this chaptéeisrapeze rule. The integral
is determined via the sum of trapeze areas beneath theduandttuitively, the trapeze
rule can be derived from the rectangle approximation byragidr subtracting triangles
resulting from chords through the end points of the intexval

The general setup

When using the trapeze approach, there is no longer a diffatiem between aight or
left method. As the rule uses both endpoints of the interval, daifed aclosed rule
according to Judd (1998). Figure 4.4 illustrates the tragproximation rule.
The trapezes taken for the approximation of the area aretrooted by using the
width h and the lengths/ ([i — 1] ) and~ (ih). As for the rectangle rule, all trapeze
areas in the interval are added up. Hence, an integral ofcifumy (.) becomes
v 1 1 1

| @) o = ShE )+ (] + 5 () 3 Q)+t 5 by (= )+ 3 ().
0

Recollection results in

/Ozv(v)dv:h E’y(O)—|—7(h)—|—7(2h)+...+7([z—1]h)+%’y(zh)

z—1

1 _ 1
= 5hr(0)+ h;v (ih) + S (zh). (4.21)

Also for this method, the endpoint of the interwa zh is reached after discretization
steps and = ih is the time point of the current index position
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In the following, the application of equation (4.21) for tb@mputation of the transi-
tion probabilities (4.16) and (4.17) is described.

Algorithm
The general numerical integration equation (4.21) for thpdze approximation can be
used to substitute the integrals in equations (4.16) arid)4The former becomes

z—1

o (2h) = Qoo (1) + 3hg (0) + 1S g ih) + g (1)

In addition topy, (zh), this equation contains a second unknows () = 1 (0) pio (zh),
namelyp (zh). Isolating the two unknowns gives

z—1

poo (1) = S (0) pro (=) = Qun (=h) + B Y g (ih) + hy (h) . (4.22)
9(0) =

The full equation without the short-cut functions is wnitteut in the appendix chapter
B.2. The second equation (4.17) needs a discrete countéopdhie trapeze case, too.
The procedure is equivalent, so after replacing the integi@ording to equation (4.21),
the probability for the transition from employment to undaypnent reads

o (zh) = hF (0) 4 h Y F () + Shr (h).

This equation also has two unknowmps; (zh) andpg (zh), because the left expression
on the right-hand sidef (0) = Apgo (zh), contains the unknowpy, (zh). Again, the
final step is the isolation of both unknowns,

z—1
pio (2h) — ZhApuo (2h) = OMWIGE Sh (ah). (4.23)

£(0) -
For the full version of this equation, see B.2 of the appendginally, the two un-
knownsps (zh) andpg (zh) from equations (4.22) and (4.23) can be determined since
the p1o (zh — ih) andpgy (zh —ih), i = 1,..., z, are given from previous calculations.
In other words, by starting from,, (0) = 0 andpy, (0) = 1, all p(zh) can be solved
successively. Equations (4.22) and (4.23) are the stapimgts of all algorithm steps,
but the initialization. The algorithm steps for= 0, = = 1, andz = 2 are presented in
the following.
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Initialization forz = 0

The initial transition probabilities from unemploymentunemployment and from
employment to unemployment are given by

Poo (0) =1

and

P10 (0) =0,
respectively, for the same reason as in subsection 4.4thdgectangle integration
method.

z=1

After the initialization, this is the first computation stephe basis of all compu-
tation steps are equations (4.22) and (4.23). Settiagl in the former and using
the definitions of)q (.) andg (.) from (4.16) yields the transition probability from
unemployment to unemployment/at

poo (h) — %h/i (0) pro (R) = Qoo (h) + %hgoo (h) i (h) pro (0)/ (4.24)
9(0) g(h)

The transition probability from employment to unemployrmaty. is determined
in the same manner, using(.) from equation (4.17). Setting = 1 in equation
(4.23) results in

1 1
po (h) — 5’1)\2900 (h) = §h€4h)\]900 (0). (4.25)
f(0) f(h)

Equations (4.24) and (4.25) are the first two equations wigHfitst two unknowns
poo (h) andpyo (k). The solution is now straightforward.

z = 2 and subsequent steps

The next step is to go on with = 2 and to computey, (2h) as well aspio (2h)
given the results from all previous steps. Equations (4a2#))(4.23) become

oo (2h) — gt (0) o (2h) = Quo (20) + hQao () 1 (1) pr (1)

g

9(0) g(h)

n %hgoo (2h) 1t (2h) po (0)

g(2h)
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and
1 1
P10 (2R) — =hApoo (2h) = he ™ Xpoo (h) + =he " Apgo (0),
2 N’ N ~- ~ 2 " ~ )
1(0) f(h) f(2h)
respectively.

The only two unknowns in step 2 afgg, (2h) andpg, (2h) on the left-hand side
because, (0) andpy, (0) are known from the initialization anel, (k) andpg (h)
from the first step. So also this equation system can be sédvete probabilities
atx = 2h.

The proceeding for the subsequent steps with 3, ... equivalently starts from
equations (4.22) and (4.23). The mechanism is always the:strap, (z/) and
p1o (zh) are calculated using thg, (zh — ih) andpyg (zh — ih),i =1, ..., z, from
the previous steps.

After the theoretical description of possible numericdugon methods, the next
section shows the computational results for specific nuzakexamples.

4.5 Numerical results

Having learned two alternatives of determining transitgzobabilities in the previous

section, this section focuses on how both solutions perfgh@n applying them to spe-
cific labor market model$.

First, the methods of numerical integration discussed aptdr 4.4, the rectangle and
the trapeze method, are compared to the analytically cabpritransition probabilities

in the case of constant arrival rates as given by equatiadd)4In general, it is clear

that the trapeze method will perform better than the redeangethod when using the
same step width and step number. However, an importantiqgnasthow much better

the trapeze method is when employing it for the solution aflalbor market model, con-

sidering that the trapeze method is more complex and willlmeere computation time,

consequently. Furthermore, the limiting distribution asived by equation (4.4) will be

tested. Thus, the analytical solution serves as a benchimattke numerical methods in

the case of constant transition rates.

Second, the probabilities for duration-dependent armagts are computed with both
numerical methods. As there is no longer an analytical golwavailable in cases like

our economic model of chapter 3, the two solutions can onlgrtadyzed independently.

9The algorithm of the solution procedure is set up in Matlate Tode is available on the enclosed CD.
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However, the limiting distribution can be computed for Séviarkov processes and, in
this way, at least the convergence of both numerical solatcan be evaluated.

4.5.1 Constant arrival rates - convergence to the analytical solution

In order to test the convergence of the transition prok#slcomputed via the numerical
algorithms, constant arrival rates are used. In this speage, the SMP is a CTMC, for
which the analytical solution of the transition probal®ltis known, see equations (4.11)
in subsection 4.3.1. The parameters used for this analysisken from Shimer (2005).
The monthly values arg = 0.45 for the job arrival rate and = 0.034 for the job
separation rate. The interval endpointris= 500 months. The limiting distribution is
then given byp{ = -t = 0.93 andp;' = ﬁ = 0.07 according to subsection 4.3.1.

» Comparison of graphs

Figure 4.5 shows the evolution of the transition probabsitfor the analytical solution
compared to the numerical solution of tleetanglemethod. Each subfigure presents the
probabilities for different step numbers. The probabifiy the transition from initial
unemployment to unemployment isfor ¢ = 0, the probability for the transition from
initial employment to unemployment isast = 0.1° The analytical solution reaches the
limiting distribution at about = 20 months and the two analytical curves can no longer
be distinguished from then on. The rectangle probabild@sot seem to converge at all
for the displayed step numbers. B30 steps, the numerical solution using the rectangle
method clearly underestimates the probabilitiestfor 25, see the upper subfigure. At
the endpoint of the figure @t = 150, the numerically approximated probabilities are
nearly zero. Fo2, 000 steps, there is still underestimation of the analyticabpiulities,

but the magnitude decreases and the difference betweendhmtmputation methods at

t = 150 is much smaller than before.

105ee initialization step for = 0 in the previous section for the explanation.
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Figure 4.5: Transition probabilities over time for the ani@ll solution and the rectangle
method. The upper figure shows the solutionZdd steps and the figure at the bottom
for 2,000 steps.
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Transition probabilities with 250 steps
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Figure 4.6: Transition probabilities over time for the asi@hl solution and the trapeze
method. The upper figure shows the solutionZd steps and the figure at the bottom
for 2,000 steps.

Figure 4.6 shows the transition probabilities for the atiedy solution compared to
the numerical solution of thapezeapproximation, again for different step numbers.
Convergence is much better than for the rectangle solutioneady for2, 000 steps,
the trapeze probabilities approach the same limiting vakithe analytical solution. As
before, the probability for the transition from initial umployment to unemployment at
t = 0is 1, whereas the probability for the transition from initial ployment to unem-
ployment at = 0is 0. The upper subfigure in figure 4.6 shows the curvegiorsteps.
After the first20 months, there is a monotonically increasing overestimafite trapeze
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Figure 4.7: Transition probabilities for the analyticallgmn and the rectangle solution
ast — 500 for different step numbers. The upper figures show the iatéd75, 500],
the bottom figures show the intenjab9, 500].

solution is obviously still much better than the rectangketmod described above. The
lower subfigure shows the probability evolution f900 steps. The improvement from
250 steps t@2, 000 steps is large, especially frotm= 20 onwards. For this step number,
there is nearly no difference between the curves of the oalgolutions and the curves
of the numerical trapeze solutions visible. After this awew of the probability evolu-
tion, some more detailed figures on the behaviar-as500 will be shown.

Figure 4.7 shows the probabilities for the transitions frenemployment to unem-
ployment and from employment to unemployment both for thalydital solution and
therectangleapproximation zoomed in near the endpoint of the intervalwNhe range
of the underestimation of the analytical solution by theaegle approximation becomes
better visible. Clearly, the numerical solution approadhesanalytical solution as the
step number increases with the errors getting smaller tweasing step numbers.
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Figure 4.8: Transition probabilities for the analyticaligmn and the trapeze solution as
t — 500, again for different step numbers. The upper figures showntheeval [475, 500],
the bottom figures show the internab9, 500].

Figure 4.8 shows the corresponding probabilities fortthpezeapproximation com-
pared to the analytical solution. Also these figures vetigttfor a bigger step number,
the numerical transition probabilities perform better pgraximations of the analytical
solution. Furthermore, it becomes obvious that the trapgpeoximation method over-
estimates the analytical solution, but, unlike for the aagle probabilities, already the
solutions for2, 000 steps perform quite good. Having an equivalently good appra-
tion in the rectangle case would require 8,000 or more coatjuut steps.

» Comparison by computational results

Table 4.1 and table 4.2 present the computational resuldifferent step numbers
and the three methods (analytical, rectangle, trapezed.sotutions and errors of both
numerical integration methods are compared to the analya@lution at different points
of the interval. While in the former table the results for trensition probabilities from
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250 steps 500 steps 2,000 steps
Value | Error | Value | Error | Value | Error
p{}O 0.070 - 0.070 - 0.070 -

1/5 | pf | 0.019| -0.051 | 0.035| -0.035 | 0.058 | -0.018
ply || 0.097 | +0.027 | 0.076 | +0.006 | 0.071 | +0.001
péy || 0.070 - 0.070 - 0.070 -
1/2 | pf || 0.003| -0.067 | 0.012 | -0.058 | 0.044 | -0.026
pio || 0.134 | +0.057 | 0.083 | +0.013 | 0.071 | +0.001
péy || 0.070 - 0.070 - 0.070 -
End | P& | 0.000| -0.07 | 0.002| -0.068 | 0.028 | -0.042
ply || 0.228 | +0.158 | 0.095 | +0.025| 0.072 | +0.002
4,000 steps 8,000 steps 16,000 steps
Value | Error | Value | Error | Value | Error

pd |loo70l - |o0o070] - [o0.070] -
1/5 | pf | 0.064| -0.006 | 0.067 | -0.003 | 0.069 | -0.001
pL |l 0070 - |o0070] - |o0070| -
pd [ 0070 - |o0070] - |o0070| -
1/2 | p& || 0.055| -0.015 | 0.062| -0.008 | 0.066 | -0.004
pL || 0070 - |o0070| - |o0070| -
pd |loo70l - |o0o070] - [o0070] -
End | PZ || 0.044| -0.026 | 0.055| -0.015 | 0.062 | -0.008
pL |l 0.071| +0.001| 0.070| - | 0.070| -

Table 4.1: Probabilities for the transition from unempl@mhto unemploymeny(.)
by t;, wheret; = 1/5 -z = 100, t, = 1/2 - z = 250, andt3 = = = 500.

unemployment to unemploymeniy, (¢), are recorded, the latter shows the transition
probabilities from employment to unemployment, (¢).1*

The columns present the probabilities for different stembers, the rows show the prob-
abilities for the three computation methods analyticaltargle, and trapeze for different
points in the interval0, 500]. First, the probabilities alt/5 of the intervalt, = 100, then
the probabilities after half of the interval &t = 250, and finally, the probabilities at the
endpointz = 500 are compared for the three methods.

Table 4.1 shows the probabilities for the transition fromiahunemployment to un-
employmentpy, (.). For250 (500) steps and after/5 of the time, the rectangle solution
underestimates the analytical solution in a rang&36t (50%), whereas the trapeze so-
lution overestimates the analytical solution in a ranga98t (8.6%). So att; = 100, the

Note that the probabilities for the complementary eventsezsily be determined via, (t) = 1 —
p1o (t) andpo; (t) = 1 — poo (t), respectively.
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trapeze solution performs much better than the rectandglgi@o. With increasing step
numbers, both approximated probabilities continuouslybgdter att; = 100 with the
trapeze solution being much better than the rectangleisnluAlready at4, 000 steps,
the deviation of the trapeze probability from the analjtmae is0% within the chosen
accuracy of three decimal places. At the interval endpoiat500 with 250 (500) steps,
both probabilities are very bad estimates for the analypoabability with an error of
100% (33%) or higher. As expected, the error decreases with incrgaggp numbers,
so at the interval endpoint with 000 steps, there is no longer a significant error for the
trapeze solution. The best result for the rectangle salwiache endpoint: = 500 with
16, 000 steps still delivers an error aH%, which is disproportionatly high given the re-
quired amount of computation effort. So in order to get rissiar the rectangle method,
which are equally good like for the trapeze method w00 steps required6, 000
steps or more.

In the analytic case, convergence is reached at abfbutonths. Using adequate step
numbers, it also takes both approximation methods ar@amdonths until convergence
to the limiting distribution.

Table 4.2 shows the probabilities for the transition frontiah employment to un-
employmentpy, (.). For250 (500) steps and aftet/5 of the time, the underestimation
by the rectangle solution is not as big as for the correspangli;(1/5) probabilities
with the error being about7% (39%). The trapeze solution overestimates the analytical
solution in a range 081% (7%). So att; = 100, the trapeze solution again performs
much better than the rectangle solution. With increasieg stumbers, both approxi-
mated probabilities continuously get bettertat= 100 as it has already been the case
for the pyo(.) probabilities. This holds for all considered points of tiimethe interval:
starting from the unacceptali?60 and500 step cases, the results at all observed interval
points get better, the more steps are used for the calculafigain, the results for the
trapeze method artl 000 steps are better than the results for the rectangle methbd wi
16,000 steps.

» Convergence with respect to the limiting distribution

The limiting distribution of the SMP can be determined useguation (4.4). How-
ever, the integrals cannot be evaluated analytically as ssothere is no analytic so-
lution for p (.). Hence, also for the limiting distribution, the accuracytloé different
numerical integration methods is evaluated. The analyiivgting distribution values
arepf = £ = 093 andpy = 2 = 0.07 according to equation (4.1). For both

IS 2N JTE
integration methods, the computed values of the limitirgjrdiution can be taken from
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500 steps 1,000 steps 2,000 steps
Value | Error | Value | Error | Value | Error
piy || 0.070 - 0.070 - 0.070 -
1/5 | pf | 0.030| -0.04 | 0.043| -0.027 | 0.061 | -0.009
ply || 0.092| +0.022| 0.075| +0.005| 0.071 | +0.001
piy || 0.070 - 0.070 - 0.070 -
1/2 | p% || 0.004| -0.066 | 0.015| -0.055 | 0.046 | -0.024
pl, || 0.126| +0.056| 0.081 | +0.011| 0.071| +0.001
piy || 0.070 - 0.070 - 0.070 -
End | pf || 0.000| -0.07 | 0.003| -0.067 | 0.029 | -0.041
plo || 0.215| +0.145| 0.093 | +0.023| 0.071 | +0.001
4,000 steps 8,000 steps 16,000 steps
Value | Error | Value | Error | Value | Error
piy || 0.070 - 0.070 - 0.070 -
1/5 | p% || 0.066 | -0.004 | 0.068 | -0.002 | 0.069 | -0.001
pl, || 0.070 - 0.070 - 0.070 -
piy || 0.070 - 0.070 - 0.070 -
1/2 | p& || 0.057| -0.013 | 0.063 | -0.007 | 0.067 | -0.003
ply || 0.070 - 0.070 - 0.070 -
piy || 0.070 - 0.070 - 0.070 -
End | pft || 0.045| -0.025 | 0.056 | -0.014 | 0.063 | -0.007
pl, || 0.071| +0.001| 0.070 - 0.070 -

Table 4.2: Probabilities for the transition from employmenunemploymenp;,(.) by
ti, wheret; = 1/5-x =100, t, = 1/2 - = = 250, andts = x = 500.
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Py Py

250 steps | 0.046 0.075
500 steps | 0.057 0.071
1,000 steps | 0.064 0.071
2,000 steps | 0.067 0.070
4,000 steps | 0.069 0.070
8,000 steps | 0.069 0.070
16,000 steps 0.070 0.070

pit = 0.070

Table 4.3: Limiting probabilitie®,, computed via the two numerical integration meth-
ods at different step numbers. The last line shows the acalyalue. The remaining
probability of the distribution can be calculatedpy= 1 — p,.

table 4.3. Besides the numerical integration method, tisemew a second source of in-
exactness, namely the approximation of infinity30§). However, as the trapeze method
delivers very good estimates of the limiting distributidready for smaller time values,
approximating infinity bys00 appears to be reasonable when computing the expectation.
All'in all, the trapeze method is also for the limiting distition precise enough given
our purpose: using, 000 steps already results in an error@f for three decimals pre-
ciseness, while the rectangle method still neB900 steps.

In summary, the trapeze solution performs much better approgimation for the
analytically computed CTMC transition probabilities ané timiting distribution than
the rectangle method for the given labor market framewohis better exactness comes
along with an extended computation effort since the trapeethod is more complex.
However, the increased computation effort due to the higberplexity can be reduced
again: the trapeze method requires less steps in orderdh eegiven accuracy. While
for our purposes?, 000 steps prove to be exact enough when using the trapeze method,
we would need 6, 000 steps or more to reach acceptable results for the rectaregteoch
Altogether, the choice of the integration method should laglendepending on the com-
plexity and the scope of the underlying project.

4.5.2 Duration-dependent arrival rates

In this subsection, the transition probabilities in a setigh duration-dependent arrival
rates for jobsg: (.) and constant separation rateare computed. The (.) are taken from
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P () poo () pih () Pl ()
100 | 0.178 0.179 0.163 0.163
250 | 0.165 0.167 0.166 0.16
500 | 0.162 0.167 0.163 0.16}

~7

Table 4.4: Transition probabilities for duration-depemdt&ransition rates at different
points in time for2, 000 steps.

our labor market model of chapter 3. The parameters used ar@.0098, 2, 000 steps,
and againy00 as the interval endpoint. It is no longer possible to comga@eumerical
solutions to analytical solutions because an analytichitism is no longer available.
However, the evolution of both methods can still be congidemnd discussed, as well as
the convergence to the limiting probabilities.

« Evolution ofp;; (¢) for increasing using rectangle and trapeze approximation

Figure 4.9 shows the evolution of the transition probabsgibver time using, 000 steps.
The trapeze approximation approaches a limiting value otih 167, while the rectan-
gle probabilities slightly keep decreasing. Table 4.4 sheame selected values.

As there is no longer an analytical benchmark for the prdivigisi, the next step is to
compute the limiting distributions by the two numericaleigtation methods.

» Convergence with respect to the limiting distribution

Using equation (4.4) with the two numerical integration noets and approximating in-
finity by 500 gives estimates of the limiting distribution for each methbBor the rectan-
gle method, it is given by

Pt =0.1683, plf =0.8317, (4.26)
while the trapeze method yields
Py =0.1684, pi = 0.8316. (4.27)

These values are quite similar and they can be compared tnhmg values from
above. For, 000 steps, the trapeze solution performs again better, as caedrefrom
table 4.4. The trapeze solutionfat= 500 of about0.167 is nearer to both the trapeze
limit of 0.1684 and the rectangle limit di.1683 than the rectangle solution at= 500.
This result is in accordance with the findings from the prasisubsection.
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4.6 Conclusion

The use of Semi-Markov processes allows a more realisticrigiéi®on of behavior or
states in economic modeling. In labor market theory, danatiependent transition rates
account for microeconomic reactions of individuals oves tmemployment spell due
to incentive effects of non-stationary benefit schemesekample. This chapter is de-
voted to the application of Semi-Markov processes in theaaespecially with respect
to the derivation of the conditional and unconditional dsttion of labor market states.
To this end, a basic introduction to Semi-Markov theory igegifirst. Then, we show
how to determine the transition probabilities between tabarket states and the limiting
distribution of states by means of the labor market modenhfamapter 3, where a Semi-
Markov structure appears in the setup. Since the calculagquires the application of
numerical integration methods, two selected methods,db&mngle and the trapeze ap-
proximation, are introduced and compared with respect@atturacy of their numerical
results for different step numbers.

Based on a specific labor market example and with constauabrates, a step width
of about1/4 appears to be accurate enough for precise results when tgrigapeze
rule. For the rectangle method, results are equally acbleptd a step width not more
than1/32. Regarding the limiting distribution, the trapeze methotivées a very good
approximation already at step widtli4 with the error bein@% within the chosen pre-
ciseness. Also here, the rectangle method requires a muststap width.

For duration-dependent arrival rates, the transitiorsrate taken from our labor mar-
ket model of chapter 3. Also in this case, the transition pholties of both numerical
integration methods approach a limiting value. Again, tia@éze method for the tran-
sition probabilities atr = 500 converge better to the numerical limiting probabilities
computed by both the trapeze method and the rectangle method

Altogether, the trapeze method is a much more precise methodich smaller step
numbers and, therefore, provides higher computation efftyi. Hence, for the transition
probabilities of our labor market model it is reasonablerefgr this slightly complexer
method over the rectangle method while using less steps.
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Chapter 5
Summary

The aim of this thesis is to show the lessons learned from &eyim 2001-2006 labor
market reforms. This is done first by a discussion of the nemsland second by a
detailed analysis of two particular reform measures.

Chapter 2 presents a comprehensive overview of the reformdigéaiss the main
law amendments, the four Hartz Laws, with regard to the gt were intended by
the Hartz Commission and the actual outcome in the law. Thoemef comprised well-
known and widely discussed changes like harder benefitisascmarginal employment
rules, flat unemployment assistance payments, and Onedotno In order to assess
their economic effects, we present evaluation studiednew laws. The results of the
official studies commissioned by the government show thatynpaomising changes did
not have the desired effects. The ‘Personal-Service-Agent, for example, were cre-
ated as state-run temporary employment agencies in ordentbine the advantages of
placement services of both the Employment Offices and grpedviders. Nevertheless,
it turned out that these ‘Personal-Service-Agenturenawery expensive and inefficient.
Positive employment effects are reported for the ‘Ich-A@es since the likelihood of
being employed was considerably increased for the tredtgreap. The results of these
studies, the dissatisfaction among the population as walhartcomings in the laws have
caused the government to change or even abolish severabigdén. However, still many
controversial issues are left and still many lawsuits egjdime Hartz Laws are pending.

The detailed analysis of two particular reform measuresrsdb changes in the bene-
fit system for unemployed, namely the reduction in both urleympent assistance bene-
fits and the entitlement duration for unemployment insuedmenefits (Hartz IV). To this
end, a broad literature overview is given first in chapterr@spnting different strands
and ideas that build the basis of the evaluation in this @rapiext, we present our
structural search and matching model of the labor markei;twis extended by impor-
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tant features like endogenous search effort reactionss@yeaous spell effect as well as
an endogenous unemployment duration distribution. Mageawnacroeconomic effects
are considered in the framework of non-stationary hazasesitay employing techniques
from Semi-Markov theory. In this way, we can determine theraployment rate of the
model economy and thus other quantities such as the taxndteelfare.

When estimating the model parameters structurally by Marirhikelihood, we account
for true duration dependence of the hazard rate as well agidardependence implied
by unobserved heterogeneity and find that both featuresracegatfor the hazard rate:
the exit rate and spell effect parameters as well as the gaeardescribing the unob-
served heterogeneity are significant. Hence, we can iné&istiarch effort reactions and
a decreasing spell effect actually play an important rotel&scribing optimal individual
behavior, while unobserved heterogeneity leads to difiegs in individual exit rates out
of unemployment.

Given the parameter estimates, different reform scenaresimulated. When incor-
porating the Hartz IV reforms into our setup, we can succilgséxplain the decline
in unemployment and unemployment insurance contributiomscent years. Consider-
ing welfare positions shows that households gain and firse ttwe to the reforms and,
while overall welfare increases, no Pareto improvemeregasized. Furthermore, we de-
compose the over-all effects of long-term benefits and aeatlye partial insurance and
incentive mechanisms in the model.

In order to determine the unemployment rate in chapter Jipéechniques from
the area of Semi-Markov processes are needed. To this eadtech4 deals with the
application of Semi-Markov processes in labor market the®iirst, we give an intro-
duction to continuous-time Markov chains, as they are knimwabor market theory and
therefore constitute a good starting point, before we tar&émi-Markov processes. By
means of the labor market model presented in chapter 3, litow1s how the transition
probabilities and limiting distributions of the differefegbor market states can be ob-
tained. Since an analytical solution is no longer feasiblnis case, numerical solution
methods for the transition probabilities are developedaly, we test these methods to
find out which setup fits best to the requirements of our labarket model.

Summarized in two sentences, starting from a detailed ctexiaation of the labor
market reforms in chapter 2 and using the mathematical ndstberived in chapter 4,
we provide an in-depth analysis of probably the most impartaform measures: the
reduction of unemployment benefit level and length is evalliavithin the framework of
a powerful search and matching model in chapter 3, whichvallor important features
of individual behavior and macroeconomic performance.
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Appendix to chapter 3

A.1 Wage bargaining

In this section, we derive the wage equation (3.11). Stqgwint is the Nash bargaining
equation, which determines the division of the job matciplises,

(1=p)[V(w) =V (bur,0)] = B[J (w?) — Jo]. (A.1)

The bargaining power of the firm is denoted ByThe expression in the square brackets
on the left-hand side of the equation is the surplus of a woakel the counterpart, the
surplus of a firm, can be found in the square brackets on théhignd side. The value of
a worker earning net wage is given byV (w) and his fallback position is the value of a
newly unemployedV (by;, 0), who gets Ul benefitg;; and has unemployment duration
s = 0. The value of a job paying gross wagé to employed workers is given bjw?),
while the value of a vacancy to a firm is denoted. gy
The next step is to determine the time derivative of the bangg equation,

- [ -V omo] =5 i (;5) ~a]. @2
We go on by finding alternative expressions for the diffeesnio the square brackets of
this derivative.

To begin with the household, the Bellman equations of an eyapland of an unem-

ployed worker both depend on the net wage and they are given by

PV (w) = u(w,¥) +V (w) + X[V (by,0) = V (w)] (A.3)
and

pV (b(s),s) =u(bur, ¢ (s) +V (b(s),s) + (e (s)0,m(s)) [V (w) =V (b(s),s)],
(A.4)
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respectively. For the moment, we assume the general cas€qof possibly changing
with ¢.

Subtracting equation (A.4) from equation (A.3) and using Yhlue of the newly short-
term unemployed gives

p[V (w) =V (byr,0)] = u(w,) —u(byr,¢(0)+V (w) =V (bys,0)
=AMV (w) =V (byr,0)]
—u (¢ (s)0,m(s)) [V (w) =V (bur,0)].

Rearranging leads to the expression given in the squaredisach the left-hand side of
equation (A.2),

V(w) =V (byr,0) = [p+ A+ (¢ (s)0.0 ()] [V (w) =V (bys,0)]
— [u(w,¥) —u(bur, ¢ (0))].
We proceed in a similar way with the firm values in order to fine difference in the
square brackets on the right-hand side of equation (A.2¢. vEtues of an occupied and
a vacant job to a firm depend on the gross wage- - and are given by

w

pJ (W) = A— +J (W) + X[ — J (w9)] (A.5)

1—k
and

pJo = =7+ Jo+q(t)[J (w?) — Jo], (A.6)
respectively, where(t) is the vacancy filling rate of a firm. Again, we assume for the
moment that the value of the firm might change over time.
Subtracting equation (A.6) from equation (A.5) and reagmag gives the desired expres-
sion,

plJ (') = Jo] = | (w?) = Jo|
— Ay = AT (W) = Jo] — q (1) [T (w®) — )

1—k
& ot A+ gL () =] = [ (") =] = A= 77— +y
@Jm%—%=w+x+mmwwﬂ—ﬁw—P—l_ﬁ+4.

In order to get the wage equation, we can now substitute timestén the square
brackets of (A.2) and get the following modified Nash bargegrequation

[L=B{lp+X+u(@(s)0,n ()] [V (w) =V (byr,0)] = [u(w, ) —u(byr, ¢ (0))]}
=0{lp+A+q@)][J (w?) —Jo] — [A— = +7]}.
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UsingV (w) — V (byr,0) = % [J (w9) — Jo] from the Nash bargaining equation and
recollecting results in
[0+ A+ ((s)0,n(s)] B (w?) = Jo] = [1 = ] [u(w) = u(bur, ¢ (0))]
= o{l4rt @l @) - a- [a- 44|

< 1= ubur,¢(0) —u(w, )]+ Bu(d(s)0,n(s) —q @) [J (w?) = Jo]
=-B[A-Z+4].

By usingu (¢ (s) 0,1 (s)) = 0q (t), Jo = 0, andq(t) = Trom We get

[1—5][U(bw,¢(0))—U(wﬂ/f)]JrﬁV[Q—l]Z—B{A— +7]

1—k
& [1= 8] [u(bur, ¢ (0) — u(w,9)] — S = —B[A+16)].

1—k
So we finally end up with the wage equation (3.11),

(1= B (w, ) + B = [1 = Blu(bur. 6 (0)) + BIA+ 7).

A.2 Steady state solution

We solve for the steady state of the model by separating bioe taarket model of chapter
3 into two blocks. Block 1 determines the values of unemplamedlemployed workers,
while block 2 uses the results from block 1 in order to compugeroeconomic variables.

* Block 1: household behavior

Given the functional forms for utility and the spell effeat (3.17) and (3.18), the
first-order condition determining optimal search effor6j3¥eads

6 (s) = {an (s) 0 [V (w) = V (b(s) , )]} T (A.7)

It holds for both short- and long-term unemployed. Using thithe Bellman equation
for the unemployed (3.5) and rearranging in order to getfardihtial equation iz gives

1

V(). = oV (6(5). )~ O (907175 V)~ V (0 (s), )75

1—0
(A.8)
which is again valid for both short- and long-term unempthyds the value of being
unemployed an instant before and an instant after becominggterm unemployed
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is identical, we impos&” (by;,5) = V (bya,s) when solving this differential equation.
Finally, since for an infinite unemployment spell the spdiéet in (3.18) becomes a
constantéli_{rolo n(s) = no, and all other quantities are stationary as well, we gethainal
condition for (A.8) by usingslirgov (bya, s) = 0:

byl a—1

l—0 o

PV (bua) = [ams6°] 7= [V (w) = V (bpa)] =5 . (A9)

With the explicit utility function, the Bellman equation fthe employed worker (3.4)
can be written as

1 wlfa

Now we can insert (w) as given by equation (A.10) into the Bellman equations of
the unemployed, (A.8) and (A.9). Assume further that we kativparameters and, for
the time being, some starting values foandd. Then, the differential equation (A.8) can
be solved starting from an initial valué (by,, 0). If its solution fors — oo is identical
to V (by4) from equation (A.9), the initial guess was right. If it is pdte initial guess
V (bur,0) has to be adjusted until it is. Hence, with arbitrary exogeno andé, we
obtain a time path of effort over the unemployment spglly (s) , s), the spell path of
the value of being unemployet, (b (s) , s) , and the value of a jol; (w).

* Block 2: wage, tightness and tax rate

Given the equilibrium valuegs (b (s), s),V (b(s),s),V (w)} as functions ofv and
0, we now endogenize andd.
The Bellman equation for the firm and the free entry resul8)(&8nd (3.10), give us

A— g
P (A.11)

Using the utility function (3.17), the bargaining equat{@l1) reads

wl=° 16} (A bi e B
1—a_¢+1—61—m_[1T0_¢mj+?fﬁmﬁﬂﬂ’ 42

whereg (0) is the optimal search effort at the instant of entry into upEyment, which
is given from (A.7). The last two equations require knowledd the average exit raje

and the tax rate.
The average ratg is given by equation (3.9), which can easily be computedrgive
that, after having solved block 1, the exit raie§) are known from equation (3.18) and
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the densityf (s) can therefore be computed from equation (3.Zhe tax rates makes
the governmental budget constraint (3.3) hold and is given b

bUI Ushort+bUAUlong
wlL
Kk = : A.13
bUIUshort+bUAUlong ( )
L+ wlL

Given the densityf (s), one can compute the number of short-term and long-term un-
employed on the right-hand side of this expression fiam,,; = Ufff(s) ds and
Uiong = U — Usport, WhereU is the total unknown number of unemployed. However, this
unknown number of unemployed can be determined by equagidg), using equations
(3.13a), (3.13b), and (3.14), which we can solve now givahékit rates are known from
block 1.

Hence, we are basically left with equations (A.11) and (Atb2letermine the miss-
ing endogenous variables andf. After having solved block 1 with a guess afand
0, we verify whether this guess fulfills equations (A.11) andl@. If not, we (Matlab)
adjust the guess until a solution is found.
The Matlab code for the steady state solution of the modelth@dtomparative statics
can be found in the foldeeform\ 2 GE on the enclosed CD (fileyoEndo1,2,3.in

A.3 Data

The data for the structural estimation comes from the Ger8w@gio-Economic Panel
(GSOEP). The GSOEP is a panel surveying households on aralaoasis. The sur-
vey is coordinated by the Deutsches Institiunt Wirtschaftsforschung (DIW, Berlin, see
www.gsoep.de).

We draw a flow sample of entrants émnploymenand unemploymentrom any of
the stateemploymentunemploymentandother stateat each month of years 1997-98.
Employment includes job-to-job transitions as well as Hothtime and part-time em-
ployment. The choice of the year of sampling is determinethleyfact that no changes
to either benefit level or entitlement length were made betwibe 1st of January 1997

1Given the regime change atthe density in equation (3.2) will have a hurdle structidenoting the
exit ratey (.) by uq (s) for short-term unemployed and (s) for long-term unemployed, we get

{ pi1 () e Jo ma(w)du fors <s
S) =

w — [ p2(u)du _
exp{ Iy matuygu 2 (1) €7 fors >

The expression fog > s is the probability of surviving with a high level of benefit payments times the
density of unemployment duration conditional on the exjiraof entitlement, so or > s, and transition
to a lower level of benefit payments.
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Unemployment: Mean Std. Dev. Mean  Std. Dev.
Duration(s) 10.94 14.07 Share of entitled 0.5652 0.4964
Ul benefits(by) 745.04 289.01 Share 8f= 12 among entitled 0.4462 0.4984
Entitlement(s) 13.86 6.41 Observed share passing the test 0.2320 0.4p32
Wage(w) 1161.21 547.49
# obs., total 345 # obs., censored 102

Employment: Mean Std. Dev.
Duration(?), cens. 47.04 29.05
Duration(1), all 36.48 29.07
# obs., total 622 # obs., censored 399

Table A.1: Descriptive statistics of the GSOEP data used$tomation.

and the 1st of January 2005, when the Hartz IV reform camepoteer. With December
2003 being the last month of our observation period, we enditlpa sample that de-
scribes a stationary entitlement-benefit environment aadges reliable information on
long-term unemployment: abo9.57% of unemployment durations in our sample are
right-censored. Among theg6.57%, there are only.09% with an (to us) unobservable
subsequent state. The remain¥gi8% exit into theother statewhich exists in the data,
but not in the model, and is right-censored in the estimattberefore. For each entrant,
we retrieve the duration of stay in the current state sineertbment of entry.

Units of measurement are months for the duration data andsHar the wage and
benefit data. Wage is the average monthly vwdgethe months employed within a year
prior to job loss; prices are those of 2005. Descriptivastias can be found in table A.1.

It is important to note that GSOEP data do not contain infeionaon the length
of entitlement to Ul benefits. There exist, however, striotl aelatively simple rules
that allow to determine the length of entitlement once wevkiioe length of previous
job durations and the age of an individual. For this reasoneVery person that enters
unemployment we also have to retrieve his/her previous istoity. In addition to that,
previous job history provides us with the record of the lasgerearned.

The mean of the vacancy-unemployment ratio between 1992@0wlin Germany is
6 = 0.3. This value is taken as exogenously given for the ML estiomati

2w = 1161.21 Euros is the average monthly net wage before the worker becaemployed, with job
being lost during 1997.



A.4 Initial equilibrium: predicting productivity and vaca ncy costs 123

A.4 Initial equilibrium: predicting productivity and va-
cancy costs

* Block 1: household behavior

For the initial equilibrium, wagev and tightnes# are taken as exogenously given.
Wage is the sample mean of our GSOEP dataddathe average vacancy-unemployment
ratio for Germany between 1997 and 2004. Using these vahlmsk 1 can be solved as
usual, compare section A.2. Hence, with our exogenoaadd, we obtain the time path
of effort over the unemployment sped,(b (s), s), the spell path of the value of being
unemployed)/ (b (s), s), and the value of a jold/ (w).

 Block 2: tax rate, productivity, and vacancy costs

Given the equilibrium valueéo (b (s),s),V (b(s),s),V (w)} and the values fow
andd, we can now determine the tax ratgproductivity A, and vacancy costs

The unemployment rate is computed using the optimal se&iategy of unemployed
as given by block 1 and exogenous tightn@s&iven the duration density (s), one can
calculate the number of short-term and long-term unempldyd’/. ;... = U fogf (s)ds
andUong = U — Ugnore, WhereU is the total number of unemployed. The number of
unemployed, in turn, follows from equation (3.16) using &tipns (3.13a), (3.13b), and
(3.14), which can be solved now with the exit rates from bl@ckThen, the tax rate
makes the government budget constraint (3.3) hold and endiy

bUI Ushort+bUAUlong
wl
K= : A.14
bUIUsho'rt+bUAUlong ( )
1+ wlL

After having determined the tax rate, the bargaining equa(.11) can be used in
order to calculate the auxiliary variahlg,,, = A + 6+,

1 w
z4aum = E {[1 — ﬁ]u(w) +ﬁm — [1 —5]’&([)(][,0)} .
The Bellman equation for the firm and the free entry resultaéquos (3.8) and (3.10),
yield
A— 0
=y, A.15
Tx 7 (A.15)

which becomes
Aaua: - 07 - % 0

Y=
p+ A T
using the definition of4,,.. With this equation, the vacancy costof a firm can be
calculated. Having, the solution for productivityd can be obtained from the definition
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Aguz = A+ 0.
The Matlab code for the computation 9fand A can be found in the foldereform\ 1
compute A and gamnan the enclosed CD (fils.n).

A.5 Determining the productivity of specific years

The predicted value aofl is given by1227.03 and it can be seen as an averagef the
years 1997-1999 siné®% of the spells stem from this period. If we now want to know
the productivityA of the year 1999, we have to use the growth rates of 1997 angl 199
Starting from 1999, we know that the productivities of 19898 4997 can be derived by

Ao — A1g99
T 1998
and
Ao — A1999
1997 = ;
(1 + g1997) (1 + g199s)

respectively, where, gy andgi99s denote the growth rates of these years. They are given
by gi1997 = 0.018 and gi99s = 0.02, compare Statistisches Bundesamt (2009). These
values can be used to determine the averapetween 1997-1999

A1999 A1999 +
A — (14g1997)(14+g1998) 1+g1998

3

&3A=A4A ! Lty
1% (14 g1997) (1 4 g190s) 1+ Gioos

Then, with the values oft = 1227.03, g1997, @andgi99s @S given abovel q99 becomes

A1999

A1999 - 125207

If we now want to know the productivity of the year 2006, aftex reforms came into
power, we have to multiplyd,999 With all the growth rates between 1999 and 2005. The
growth rates are given in table A.2.

year || 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Gyear || 0.02 1 0.032 | 0.012 | 0.0 —0.02 | 0.012 | 0.008

Table A.2: Growth rates in Germany between 1999 and 2005.

With these growth ratesi,,os can be determined as

Asgos = 1333.39.
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For the Matlab computations, we need to know by how much tbdymtivity A grew
from its average value of 1997-1999 to the value of 2005. @hasvth rate can be com-
puted as

_ 1_A2006
g A
1333.39
- — 0.0867.
120703 V867

This growth rate is used when we analyze a grown economiy/ 8&Growth = 1 in
CreateParas.mcompare Matlab code on the enclosed CD.

A.6 Insurance effects

In this section, we show how to maximize the social welfanecfion with respect to
long-term benefitd; 4 when neglecting incentive effects. First, we are aware ef th
relation between the net wageof a household and the gross wagé& which is given
by w = (1 — k) w9. Expressing the government budget constraint (3.3) as

(bUI/ f(s)ds + bUA/ f(s) d5> (N — L) = kuwilL,
0 s
we can link the net wage to beneftis,,

w=(1— k) w’ = — (bU]/OSf(s)ds+bUA/:Of(s)ds> %

The derivative of this net wage equation with respedi;t@ for the case of exogenous
effort and thereby exogenous unemployment is

dw ——/Oof(s)dsN_L.

dby o L

This expression can be used in order to maximize the sociérmedunction (3.12)
by choosing) 4,

ds2 dw < d
=LV’ N—-L —V (b ds.
e = IV ) e (N = 1) [ 2 Guas) [ (s)ds

Rearranging this equation results in the condition as gimesguation (3.22),

dS)
dby a

- —LV’(w)/oof(s)dsNgL—i—(N—L)/OOﬁV(bUA,S)f(S)dS

4
VW) Uiy + (N =) [ 0V (as) £ ()

Vg N—L [* d
. IR ong _
= N[ V' (w) N T ] dbUAV(bUA,S)f(S) ds} 0
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, Ung N—L [* d
< Vi(w) ~ - | dbUAV(bUA,s)f(s)ds. (A.16)

S

Equation (A.16) states the optimality condition for wefanaximizing UA benefits in
an economy modeled without incentive effects.

A.7 The insurance and incentive effects in steady state

A.7.1 Steady state solution for the insurance effects

In this subsection, we describe the solution of a model whieglects the incentive ef-
fects in order to see where the welfare changes stem fronrder to do so, we keep the
path of search effort from the pre-reform steady state asngitFurthermore, vacancies,
gross wage, and unemployment are exogenously given. Oaltathrate, linked to the
benefitsh;; 4, is endogenous. In order to keep the structure from the uewsolutions,
we solve for the steady state of the model by separating tltkehnato two blocks.

* Block 1: household behavior

In order to isolate insurance effects, we neglect incergifects by taking search
effort as exogenously given. Hence, we have a péth(s). For the household, there no
longer is a Bellman equation to maximize.

With an exogenous search effaft™ (s) and an exogenous gross wagé we can
choose a starting value for the tax rate. The net wage canb@eromputed byy =
[1 — k] w? and the Bellman equations can be solved,

Pv(b(s),s)zu(b(s),s)+w

s + p (@7 (5)0,m(s)) [V (w) =V (b(s),s)]

& WOELD (6 ()6 )]V (B(5). 9
—ub().5) = (@ () 0NV (). (ALD)

Since¢p™ (s),n (s), andd are given, the Bellman equation is a linear differential equa
tion of the first order, again with the condition th&t(b;;,5) = V (bya,s) and the
terminal conditionlim V (by 4, s) = 0.

The form of th?gfallman equation for the employed worker da#shange. The net
wage is replaced by the gross wage minus taxes and with thieiexpility function, it
can be written as

Vi(w) = P i A (Hl _11{]_1[:]10 — Y+ AV (bur, 0)) : (A.18)
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V (w) can be inserted into (A.17) and we can use the long-run Belkgaation for the
long-term unemployed (which finally gets constant for~ oo). The solution of the
differential equation can then be obtained using the cadit (by;,s) =V (bya,s).

» Block 2: tax rate

As there is no optimal behavior of the firm, vacancies arergasd there is no wage
bargaining. After having solved block 1 with the initial ualofx, we now have to verify
whether thiss is consistent with the budget constraint. The tax ratan be computed
by rearranging the governmental budget constraint (3.3),

Y r

[bU]/OSf(s)ds+bUA/:Of(s)ds} N~ 1) = ns

— K

w9

Cbur fy f(s)ds+bua [ f(s)ds N — L
e w9 L

(A.19)

Since unemployment and the shares of long-term and shonttteemployed stay con-
stant, as well as gross wage and employment, the tax ratldireacts to the changes
in by 4. The solution of equation (A.19) is implemented into the lsllatcode by a fsolve
command.

The Matlab code corresponding to the insurance effects ediound in the foldere-
form\ 4 insuranceon the enclosed CD (filagiselns.mandrunins.n).

A.7.2 Steady state solution for the insurance and incentive effects

When allowing for incentive effects in addition to insuranefects, we endogenize
search effort. Optimal firm behavior is still neglected andvacancies and gross wage
are given. We solve for the steady state of the model by separoe model into the
two known blocks. We give a starting value for the tax ratevhich implies a net wage
w = [1 — k]w? for a given gross wage, and a starting value#oiWith these starting
values, we can compute block 1 and the unemployment rataglitse definitiord = g
with the given number of vacancies from the pre-reform stestdtel” and the budget
constraint of the government, we can then compytendr, implied by the model and
check our starting values. Matlab will compute this solutiy a fsolve function.
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* Block 1: household behavior

Given the functional forms for utility and search produittivn (3.17) and (3.18), the
first-order condition for search effort (3.6) reads

6 (s) = {an (s) 07 [V (w) = V (b(s), )]} 7= . (A.20)

It holds for both short- and long-term unemployed. Insertims into the Bellman equa-
tion for the unemployed (3.5) and expressing it as a diffiegméaquation ins gives

Vb(s),5) = oV (b(5),9)— X+ 2L o () 0175 [V () — V (b(5) )] 75

1—0 o'
(A.21)
which is again valid for both short- and long-term unempthy@s the value of being

unemployed an instant before and an instant after becominggterm unemployed
is identical, we imposé&” (by;,5) = V (bya,s) when solving this differential equation.
Finally, since for an infinite unemployment spell searchdouiativity in (3.18) becomes a
constantgllrgon(s) = 19, and all other quantities are stationary as well, we get tiosvk

terminal condition for (A.21) by usindim V' (bya,s)=0:

byl a-—1

1—0 e’

PV (bua) = (o075 [V (w) =V (bya)] T+ (A.22)

With the explicit utility function, the Bellman equation fthe employed worker (3.4)
can be written as

= (L

= p_}_}\ - —77D—|—>\V (bU],O)) . (A23)

We can now insert/ (w) from (A.23) into (A.21) and (A.22). Imagine further that
we know all parameters and assume, for the time being, arpistarting values fok
andd. Then we can solve the differential equation (A.21) starfiogh some initial value
V (byr,0) and see whether the solution for— oo is identical toV' (by4) from (A.22).

If it is not, we need to adjust our initial guegs(by 7, 0) until it is. Hence, for exogenous
x andf we obtain the time path of effort over the unemployment spelb (s) , s), the
spell path of the value of being unemployéd(b (s), s), and the value of a joB/ (w).
Hence, the solution procedure for optimal household bemasiequivalent to the full
equilibrium case of section A.2.

* Block 2: unemployment and tax rate

Given the equilibrium value§o (b (s),s),V (b(s),s),V (w)} as functions of and
0, we now endogenize andf. Using the results from block 1, we can compute the tax
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ratex and the labor market tightne@smplied by the budget constraint of the government

(3.3) and the definition of, -

v
U7
respectively. The number of vacancigéss assumed not to react, and is therefore taken

0= (A.24)

from the pre-reform steady state since optimal behaviamffoms is not taken into
account when evaluating insurance and incentive effedis.tax rate< makes the gov-
ernment budget constraint (3.3) hold and can be expressed as
(bt J3 f (s)ds + bua [ f () ds| [N ~ ]
K= : (A.25)

wIL

Given the density (s), one can compute the number of short-term and long-term unem
ployed on the right-hand side of this expression from,,, = [N — L] fogf (s)ds and
Uiong = [N — L] — Usport, WhereN — L is the total number of unemployed. This number
of unemployed follows from (3.16) using (3.13a), (3.13Ing &3.14), which we can now
solve given that the exit rates are known from block 1.

Having unemployment, the two equatichs- % and (A.25) can be solved in Matlab by

a fsolve command.

The Matlab code corresponding to the combined insurancemaedtive effects can be
found in the folderreform\ 4 insuranceon the enclosed CD (filemiselnsinc.mand
runinsinc.n).
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folders files

1 compute A and gammaCreateParas.m
2GE DoltAll.m

3 analyze ReadMe.pdf

4 insurance

common

paras

Table A.3: Files and folders in the foldexform

A.8 The Matlab code for comparative statics

A.8.1 Preparation

The programs for computing the steady state equilibriumcmdparative statics of the
model can be found in the foldeeform on the enclosed CD. The folder contains the
folders and files as given in table A.3.

A.8.2 Running the programs

The programs are written and tested in Matlab 7.4.0.287 (R200 he preset parameters
are the parameters we use for our simulations. The struofuhe parameters and how
you can change them is described in (1). You can either $tanivhole procedure, see
(2), or parts of the program, see (3). After having run corafpae statics, we recommend
to produce some figures in order to illustrate changes in thdetreconomy, see (4). Part
(5) gives some hints on how to proceed with an error prompt.
Table A.4 provides an overview of the different possiblegpaon runs and the order in
which they have to be run. A more detailed description of gacigram group can be
found in the respective subsection.

If you run DoltAll.m, just delete all .txt and .mat files from the foldeform\ paras
which may be there from previous program runs.
If you run some other comparative static programs as giveéindrthird column, the pro-
ceeding depends on the data given in the fotd&rm\ paras
i) If the folder reform\ parasis empty except for the foldgraphics you will have to run
CreateParas.nf{l.) andlos.m(2.) before you can continue with the comparative static
group (3.) and produce graphics (4.).
i) However, if there are data files containing just the dabafCreateParas.nandlos.m
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1. parameters| 2. pre-reform| 3. comp. statig 4. graphics
DoltAll.m DoVGRall.m
CreateParas.mlos.m goExo.m VGRO.m
CreateParas.mlos.m goEndol.m VGR1.m
CreateParas.mlos.m goEndo2.m VGR2.m
CreateParas.mlos.m goEndo3.m VGR3.m
CreateParas.mlos.m runins.m VGRIns.m
CreateParas.mlos.m runinsinc.m | VGRInsInc.m
CreateParas.mlos.m raiselns.m VGRraiselns.m
CreateParas.mlos.m raiselnsinc.m | VGRraiselnsinc.m

Table A.4: Possible program runs.

you can start right away with a program from the comparatiggcsgroup (3.) and pro-
duce graphics afterwards (4.).

iii) Finally, if there are data files containing data from yimais comparative static runs,
please delete all .txt and .mat files from the foldefiorm\ parasor save the data any-
where else and do what is described in i) afterwards.

1. Setting parameters

First of all, in the foldereformyou find file CreateParas.mvhich helps to produce
all the parameters you need in order to start. These aret®s@iues we used for
our computations.

However, you can also change the parameters if you like. iBoethd, open the

file CreateParas.mThe default values are the parameters that we use for owr com
putations: we reduce the long-term benefijts (redB = 1), reduce them over 6
steps fumberB = §, and take the parameters estimates from chapter 3 or values
that are known from Germany. We recommend to leave the estthparameters
unchanged because otherwise the numerics might no long&r(see 5. Possible
error prompts). Especially you can change the followingapaaters:

* redB determines the sort of comparative staticsdB=0 reduces the maxi-
mum Ul benefit entitlemerd, redB=1reduces benefits for long-term unem-
ployedby 4, redB=2 reduces both in so-called ‘Hartz units’ (for th&ise.m
programsyredBdetermines what is increased - not reduced).

* numberB number$SnumberBSdepending on the value oé€dB, the value
of numberB numberSandnumberBSletermines the number of comparative
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static steps with respect to a changeéf, s, and both, respectively. Using
more numbers will increase the computation time of the @y, of course,
since more steady states have to be determined.

» WithGrowth determines whether the growth of total factor productivie-
tween the pre-reform steady state and the after-reforntgtstate is taken
into accountWithGrowth=0means without growth)VithGrowth=1incorpo-
rates growth.

» growthrate determines the factor by which the pre-reform total fagia-
ductivity is multiplied for the after-reform steady statentputations, given
WithGrowth=1

* b2 determines the benefits for long-term unemployed in our two-tier
unemployment benefit system.

* rhoUl: the wage replacement ratg; for insured unemployed in our two-tier
unemployment benefit system.

2. Starting the whole procedure

In order to run all the programs successively, you just hawpenDoltAll.m, type
DoltAll into the command window of Matlab and press enter. Please reate
that you deleted all .txt and .mat files in the foldeform\ paras The programs
will now be run in the right order and depending on your corepafpacity, this
will take some timé’

First, theparas.matfile containing the parameters used will be createdCloy-
ateParas.min the folderreform\ paras Then, the pre-reform steady state will
be computedréform\ 1 compute A and gamm#s.m) and the results will also
be saved in the foldereform\ paras After that, the comparative statics will be
done. Four different programs will be rurgoExo.m goEndol.mgoEndo2.m
andgoEndo3.nfrom the folder2 GE All programs do the comparative statics, so
they compute steady states for differépty, s, or both. The prograngoExo.m
leaves wage, tax rate and labor market tightness exogegoksdol.mendoge-
nizes wagegoEndo2.nmendogenizes wage and tax rate, andaindo3.mfinally,
wage, tax rate, and labor market tightness are endogenous.

3A DoltAll run takes approx. 100 minutes on a laptop with an Intel(ReCkivi)2 Duo CPU T7300 @
2.00 GHz processor and a memory (RAM) of 2 GB.
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3. Starting parts of the programs

If you are interested in special issues, you can also stetteel programs. How-
ever, if you choose to change parameters, you will have toedte the parame-
ters (open and ru@reateParas.mand ii) run the pre-reform steady state program
(open the folded compute A and gammand runlos.m) first. Having done this,
you have created in the subfolder paras all the data you redtd comparative
static programs. Please mind that - especially irBheilData.txtfile - you should
delete data from all former runs except from the first linei¢hltontains data from
thelos.mrun) if you want to produce the graphics afterwards. If thimissed, the
evaluation progranVGR.mmay not work. The programs from the following list
can be run. You may also try to run other Matlab files, but thightlead to error
messages.

» goExo.mthe macroeconomic steady state variables, wage, labdetrtaght-
ness, and tax rate, are exogenous. The program does coivgpatatic com-
putations with respect to the parameter you have chos€ngateParas.m

* goEndol.mdoes comparative statics while the wage is treated endagen
Labor market tightness and tax rate are still exogenous.

* goEndo2.m does comparative statics with the wage and tax rate being en
dogenous and labor market tightness exogenous.

» goEndo3.m does comparative statics with all three macroeconomuadste
state variables, wage, labor market tightness, and taxbrateg endogenous.

* runins.m evaluates insurance effects in the model while doing coaipa
statics. To this end, search effort of the unemployed igdrbas exogenous
and therefore taken from the pre-reform steady state. Eumbre, unem-
ployment, vacancies, and gross wage are exogenous. Thewdbgenous
variable is the tax rate.

* runinsinc.m evaluates insurance and the incentive effects while iggaef-
fects on the firm’s side. Search effort is now endogenous itfally to the
tax rate, also unemployment is now an endogenous macroegonariable.
Vacancies and gross wage are still treated as exogenously.gi

* raiselns.m evaluates insurance effects in the model while doing coaipa
statics with raisindy 4, s, or both. Short-term benefitg; are kept constant
in the meanwhile. Again, search effort of the unemployedasated as ex-
ogenous and therefore taken from the pre-reform steads. Statrthermore,
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unemployment, vacancies, and gross wage are exogenousnijhendoge-
nous variable is the tax rate.

« raiselnsinc.m evaluates insurance and the incentive effects, whileriggo
effects on the firm’s side and rising the comparative stadigable (4, s,
or both). Again, short-term benefits; are kept constant in the meanwhile.
Search effort is now endogenous. In addition to the tax ds® the labor
market tightness is now an endogenous macroeconomic larighcancies
and gross wage are still treated as exogenously given.

4. The resulting data

The data resulting from the comparative static computaticam now be evalu-
ated graphically. All the data files needed are in the subfgbéras The file
paras.matcontains all parameters useBquilData.txtcontains selected parame-
ters and steady state valuddicroData.matcontains the dynamic evolution of se-
lected microeconomic variables over the unemployment gpeh the pre-reform
steady state pfssDGL.matontains the solution of the differential equations from
the pre-reform steady state and it is only important for tne of runins.mand
raiselns.m)

Now open the foldeB analyse Depending on whether you did thzoltAll run
or another single run, evaluaboVGRall(after DoltAll) or VGR1(for goEndo),
VGR2(for goEndo2, VGR3(for goEndo3, VGRIns(for runins), VGRInsInc(for
runinsing, VGRraiselngfor raiselng, VGRraiselnsingfor raiselnsing, respec-
tively. If you start any of th&/GR#programs, please make sure tEguilData.txt
just contains théos.mdata in the first row and below only the data from one (!)
program run. Otherwise you might get an error prompt and &bbathight abort the
program.

The program will now load the steady state data and produaeshyq first, for the
microeconomic evaluation of effort, stigma, job arrivakrand the value of unem-
ployment over the unemployment spell from the pre-refoready state; second,
for search costs measured in utility units; third, for (umjpdoyment related effects
when doing comparative statics; fourth, for distributibeiéects when doing com-
parative statics. Actually, two figures will be produced t@aming distributional
effects. The first one contains subfigures already presexttdee unemployment
effects figure and therefore appear twice since they areestiag for the inter-
pretation of distributional effects. The second figure alstributional effects
omits all redundant figures. Furthermore, when having rumogrnam from the
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name comparative static variable
XXx_b2.eps bia

XXX_sbar.eps 5

xxx_b2sbar.eps | by4 ands

XxXX_b2A.eps by 4 With increased4d
xxx_sbarA.eps | s with increased4
xxx_b2sbarA.eps by 4 ands with increased4

Table A.5: Naming of figures from théGRruns.

raise group, the values of the different labor market agents avégal into one
figure. This allows to evaluate the insurance and incenfieets for the different
labor market groups at once. All figures will be saved as .dgs in the folder
paras\ graphics

The figures will be named automatically depending on whatnedaced ¥ 4, 3,

or both - and whether productivity was increased or not. Table A.5 shows the
naming system.

5. Possible error prompts

Please do not change file names, delete files, or move filebé¢o faiders as Mat-
lab won't find them anymore and give a corresponding erromyto

Please do also not change source code unless you know whatoy@&xcept for
the parameters as described above.

Even if you only change parameters, a program abortion nagbar. According
to our experience this has often one of the two following sesr First, the de-
fined error tolerance of fsolve or fzero commands might bestoall. In this case,
you can try to fix the abortion by increasing error tolerarindes.m go.m run.m,
raise.m Vb1BackXXX.mthetaW.m or TaxTheta.m Second, the function values
of starting values for fsolve or fzero might not have a ddéf@ralgebraic sign or
be complex. In this case, it is helpful to display the stgrtmalues and the corre-
sponding function values in order to adjust the startingie#sl The second error
can also follow from the first one, so with an increased ewtarance, the given
starting values might work.
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A.8.3 The solution structure of the programs

1. Block 1

Block 1 solves for optimal household behavior by solving thédrBan equations
of the employed and the unemployed workers as describedctioseA.2. The
following Matlab functions compute block 1:

« effort.m computes the optimal effort of the unemployed.

* BEbs.m Vblback.m the former states the Bellman equation of the unem-
ployed as a differential equation and the latter solvesdiierential equa-
tion.

» BELongRun.mcomputes the terminal condition for the Bellman equation of
the long-term unemployed, as for— oo the Bellman equation approaches a
constant value.

* Bew.m function for the Bellman equation of the worker.

2. Block 2

Block 2 solves for labor market tightness, wage, and the ti@xaad computes the
resulting unemployment and welfare. This is done by thevalhg functions:

 thetaW.min this function, the equations for labor market tightnésfor the
wagew, and the tax rate are stated, using the solution of block 1 and the
resulting values of the households.

» smcprob.msmcPuu.munemployment.nthese functions use the Semi-Mar-
kov techniques in order to compute unemployment endogénassig the
optimal job arrival rates resulting from block 1.

3. Additional programs and little helpers
The following programs are additional programs that helpttacture the overall
program, compute additional variables of interest, orrnested numerical issues.

» CreateParas.mthis function sets the parameters for the simulations.

» DoltAll.m: this program will run the whole procedure. It starts wiine-
ateParas.m goes on tdos.m and finally runsgoExo.m goEndol.m go-
Endo2.mandgoEndo3.m

* go.m coordinates together with the remainiggXXX.nfiles (QoExo.mgo-
Endol.mgoEndo2.mandgoEndo3.mthe solution of blocks 1 and 2.
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» muebar.mfunction that computeg(s) and the expected value pfs), f.

 productivity.m function in order to compute the exogenously given spell ef
fect.

» SocialWelf.mfunction that computes the social welfare of the economgrmi
the steady state solutions from block 1 and block 2.

* los.m gammaA.m the former is the central coordination file for the pre-
reform steady state, the latter states the functions fovdhiables of interest
in the pre-reform steady state, vacancy caosasd productivityA.

* Vb1BackEXO.mBELongRUNEXO.mBEbsEXO.mBEWEXO.m functions
that compute block 1 for the pre-reform steady state; theyuaed byos.m
andgammaA.mThe structure of these programs corresponds to the steuctu
of those from block 1 with the difference that the wage is @s in the
pre-reform steady state. This is why they are labeled witEE40® in their
file name.

* run.m raise.m TaxTheta.m the former two are central coordination files
computing the isolated insurance effeatsn|ns.m raiselns.nm or the com-
bined insurance and incentive effectar(insinc.m raiselnsinc.m. In the
run group, the comparative static variabbg (, s, or both) is reduced starting
from the pre-reform steady state, while in ttase group the comparative
static variable is increasedaxTheta.nstates the functions for the endoge-
nous variables of interest, tax rateand labor market tightnegs

» CheckExitflag.mboundtestXXX.mthe former checks the reason why the
fsolve procedure was terminatédhe latter is a group of programbqund-
testBEWEXO.mboundtestBELongRunEXQO, tmoundtestBEw.mboundtest-
BELongRun.mwhich tests and chooses suitable starting values for faedo
fsolve routines.

4. Graphical analysis

The following programs are needed whenever the computatbrcomparative
statics are done and you want to illustrate the changes. Wiielyelp to produce
graphics.

* VGR.m is the central coordination program for the whal&R.mgroup
(VGRO.m VGR1.m VGR2.m VGR3.m VGRraiselns.mVGRraiselnsinc.m

4The fsolve command solves equation systems. Please usesithebNHelp in order to find out more
about fsolve and exitflags.
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VGRIns.mVGRInsinc.mDoVGRall.m and the corresponding comparative
statics. The data from the comparative static computatiotise go.mor the
run.mfamily is loaded an&/ GR.mproduces and saves the associated figures.

» UnemplEffects.pDistriEffectsT.m DistriEffectsP.m MicroFigure.m Value-
sAgents.mprograms that plot unemployment effects and distribuéfiacts
of the comparative static analysis, microeconomic behlaswer the unem-
ployment spell, and the values of the agents in one figurpectsely.

A.9 Description of the functions using numerical inte-
gration

For solving the steady state solution of the model in Matlalmerical integration is
needed for several calculations. Due to the Semi-Markaxcgire, the numerical in-
tegration routines of Matlab cannot be employed and we hawetégrate numerically
‘by hand’. The integration method used is the trapeze appraton and the following
subsections describe all programs where this method appear

A.9.1 muebarm

In muebar.mthe average job arrival rate is computed. As there is noytioal solution
for 11 (s), the integral of the expectation has to be evaluated nualBrid@he expectation
is given in subsection 3.3.2 by

p= [ uere

- / 1 (3) pu (s) e~ HOI g
0

For s out of [0,500], we know x (s) and consequently the numerically approximated
value of f (s). So we split the integral in order to compute the expectation

However, we firstintegrate the(.) numerically using the trapeze method. The following
naming is used in the programs: muelMT: (0), mueint =numerically integrated (.),
mueint(0)= 0, 7 = zh. With this notation, the integral gf(.) becomes

/()Tu(s(y))dy A~ mueint(z)

Q

OBhZ (i — 1) 4 p (i)

h [O.5,u (O) +u (1) +p@2)+. +p(z—1)+05u(2)].

Q
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Using this and the trapeze method for the integral of the egpien from0 to 500, we
get

500
/ 1 (3) 1 (3) e~ Iy nO)dv 1o~ 0.5 [,U (0) m (O) o—mueint(0) + 1 (1) m (1) e—muemt(l)]
0

+0.5 [N (1) L (1) o —Mueint(1) + 10 (2) m (2) e—mueint(Z)]

+...
+0.5 [u (steps — 1) pu (steps — 1) o —Mueint(steps—1)
+ i (St@ps) L (StﬁpS) e—mueint(steps)} ‘ (A26)

For the second part of the integral, fréi) on, we use the assumption thais constant
after500. So the integral becomes

/ jpe” f(: H(v)dvds _ ,U// pe” f(f ,u(v)dvds
500 500

N S

1—F(500)

= u{l— OSOOf(s)dsl. (A.27)

Also the [** f (s) ds is integrated numerically imuebar.musing the trapeze method.

Soj: can be approximated by adding equations (A.26) and (A.27).

A.9.2 smcProb.m

The transition probabilities for a Semi-Markov Processammputed insmcProb.nfor
employed and unemployed starting at this state. irfee section 4.4 for the detailed
description of the numerical procedure.

A.9.3 smcPuu.m

In smcPuu.mthe probabilities for the transitions from unemploymentihemployment
are computed for unemployed with different unemploymemationss(¢). Starting point
is the equation for the probabilities from unemployment temployment for different
unemployment durationsgt) as given by equation (3.14) in subsection 3.4.1,

Puu (7,5 () = e 1@y /T e Je ms@)dy (5 (0)) ey (T — v)dv.  (A.28)
t 9(ol)
In order to compute equation (A.28), the integrals have tevaduated numerically. The
first steps are presented here exemplary for the trapezeothelthe initial probability

for p.., IS given byp,,init = 0.
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e jnitialization: z = 0

Puwtnit =1,
estepliz=1

Pua(1h) = puu(l) = "™ £ 0.50[g (0]1) + g (1]1)]
_ e—mueint(l)

+0.5h [e"™eMO), (0) pey, (1) + e~ ™MDy (1) peyinit]
e Step2:2 =2

Puu (2h) = puu(2) = e ™M@ 1 0.5h [g (0[2) + g (1]2)]
+0.5h [g (1]2) + ¢ (2]2)]
= ¢ M) 4 5k (0[2) + hg (1]2) + 0.5hg (2]2)
e—mueint(z)
+0.5he” ™M), (0) p,, (2)
_i_hefmueint(l)lu (1) Deu (1)
+0.5he" MU, (2) pinit.

A.9.4 unemployment.m

Starting point for the computation of (un)employment in thedel is equation (3.16)
from subsection 3.4.2,

N—LZUV—MAMMMMQMF@@D+mM,

wherep,, is the limit of p.,, (7) and thep,, (s (t)) are the limits ofp,, (7, s (t)) for dif-
ferents(¢). Furthermore, we take the number of potential work&rsis given. The
endogenous number of employédtan now be determined by isolatiig

N- N/Ooopuu (s (£) dF (s () = L — L/Ooopuu (s (£)) dF (5 (£)) + peuL

@N{l—/Ooopuu(s(t))dF(s(t))] _L[1_/Ooopw(s<t))dF(s(t))+peu

N (L= J pu (s (1) dF (s ()]

L T I pue (5 (0) AP (D) 4 pon]
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From this equation, we know andp.,,. The integral[;~ p.. (s (t)) dF (s (t)) has to be
computed numerically. In order to do so, the intefdabo]| is split into two sub-intervals.
The first one i§0, 500], the second goes froA0 to infinity. The first interval part can
be computed by numerical integration. For each type of uheyegd, &, we know the
probability p..., (s (t)) for his spells given at the beginning. This probability is approxi-
mated byp., (500, 5 (t)) = pu (s (t)). The density is given by (s) = 11 (s) e~ Jo #®)dv,
Hence, using the trapeze method we get for the integral

| s )P (50) = B 105pun (5 = 0) £(0)+ pun s = ) () + .
P (5 = [steps — 1] 1) f ([steps — 1] )
+0.5puy (s = steps - h) f (steps - h)]. (A.29)

Now the second part of the integral, the part frod0 on, is determined. We assume
that unemployed having a spell 860 or longer have a constant probability of staying
unemployed as the job arrival rate(.) does not change anymore. So we assume that
for themp,, (s (t) > 500) = p., (s (t) = 500). Hence, the integral for the second part
becomes

oo [e.o]

s (50 =500) [ AP (5(0) = pusls () =500) [ (s (e)) e KH0Od

500 500
e (5 (£) = 5002 (500) / o o) g

~ N——J500

Puu 13

I /oo e*[fowo M(U(t))d“+f;00 M(v(t))dv] ds. (A30)
500

Again, the first part integral in the exponential function & computed numerically. For
the second partf;;, 1« (v (t)) dv, we know from our assumption that(v (t)) = const =
w. Hence, this integral becomes

/ pdv = [p]2e = i [s — 500].
500

Using this in equation (A.30), we get

o0

puu,ue*f(foou(v(t))dv /oo o hls—500] 7o puuueffowou(v(t))dv {_l
500

6#[5500]:|
1

500

_ e ot utooya L
L

— pygeJo n®)dy, (A31)

Equations (A.29) and (A.31) can now be used together withktt@vn p,,.., pe., and
mue.int in order to determine employment and unemployment.
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A.9.5 SocialWelf.m
Social welfare is given by equation (3.12) in subsection33.3
Q= L[V (w)+J]+[N -] [/Sva)l,s)f(s)ds+/OOV(b2,s)f(s)ds (A32)
0 5

Also here, the integrals have to be evaluated numericahe first integral in the square
brackets becomes

SN—
~~
—~
—
SN—

/OSV(bl,s) f(s)ds =~ 0.5h[V(0)f(0)+ V(1
VOBV (1) £ (1) 4V (2) £ (2)
+...
+0.5h [V (by, steps_sbar — 1) f (steps_sbar — 1)
+V (by, steps_sbar) f (steps_sbar)] .

The second integral has to split up again. First, we integrams to 500 since this is the
interval where the value of unemployment still may chandee procedure is equivalent
to the one of the first integral,

00
/5 V (be,s) f(s)ds =~ 0.5h[V (steps_sbar) f (steps_sbar)

s

+V (steps_sbar + 1) f (steps_sbar + 1)]
+0.5h [V (steps_sbar + 1) f (steps_sbar + 1)
+V (steps_sbar + 2) f (steps_sbar + 2)]

+...

+0.5h [V (steps_sbar — 1) f (steps_sbar — 1)
+V (steps) f (steps)].

For the second part of the integral, we can assumelth{as, s) stays constant fos >
500. Then we can rearrange the integral,

/00 V (be,s) f(s)ds = V (be,500) h f(s)ds
500 500
500

=V (by,500) {1 — | f(s) ds} .

0
The integral of the density can be determined numericailyguthe density values com-
puted in muebar.m.

The numerical approximation of welfare according to equafA.32) is then straight-
forward.
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B.1 The limiting distribution of a Semi-Markov process

From equation (4.3), one can derive the limiting state tistion of a SMP ag, =

no’fm andp; = 1 — po, Wheren,, is the expected duration in state k£ = 0,1. The

duration distributions for a Semi-Markov process in oumlaimarket model of chapter

Barefy(zr) = p(x)exp{— [y p()dv} and fi (z) = A(z)exp{— [;°A(v)dv} for
unemployment and employment, respectively. Then the égge@lues are

E[:EO]:/Ooox,u(x)exp{—/ox,u(v)dv}dx
_ [—xexp{—/oxu(v)dv} :O—/Ooo—exp{—/oxu(v)dv}dw
/Oooexp{—/oxu(v)dv}daz

and

Substituting both expectations intg = non results in

Py = fooo exp {_ fox v (U) d’l}} dx
fooo P {_ fox A(v) dv} dx + fooo exp {_ fom (v) dv} dx’

which is just the limiting distribution as given by equati@h4).
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B.2 The transition probabilities for the trapeze method

For the sake of clarity, the equations for the transitiorbpimlities of the trapeze method,
(4.22) and (4.23), were not fully written out in subsectioA.2. As it is helpful for the
implementation of the algorithm, the equations are pravidere.

Starting point are equations (4.22) and (4.23),

z—1
Poo (zh) — %h,u (0) p1o (zh) = Qoo (zh) + th ih) + hg (zh)

4(0) =1

and
z—1

pro (zh) — —h)\poo (zh) =h>_ f(ih)+ 5 h f(zh).
1(0) =
Inserting the definition&oo(2h) = exp{—h>_;_, u(ih)}, Qui(zh) = exp{—h 37, A},
9(th) = Qoo(th)p(ih)pio([z — ilh), and f(ih) = Q11(ih)Apoo([z — 1]h) yields

proh) = g Op(ch) =eap{—5h S Ju(i = D) + wlin))

J

—l—hZexp{—%hZ (G —Dh) + p(Gh)]}

~pu(ih) - pro([z — ilh)
+ ;h exp{——hz (¢ —1)h) + p(ih)]}
p(zh) - p10(0)

and

z—1

pro(zh) — —)\poo (zh) hz exp{—ihA} - X - poo([z — i]h)
+ §h ~exp{—zhA} - X poo(0),

respectively.
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files folders

analytic.m | graphics
plotsAR.m| param
plotsAT.m
rectang.m
start.m
trapeze.m
plots.m

Table B.1: Files and folders in the foldemp
B.3 The Matlab code for SMP transition probabilities

B.3.1 Preparation

The programs for computing the Semi-Markov probabilitias e found in the folder
smpon the enclosed CD. The foldempcontains the files and folders as given by table
B.1.

B.3.2 Running the program

The programs are written and tested in Matlab 7.4.0.287 (R&200

Everything you need in order to run the programs is providgethe foldersmpon the
enclosed CD. If you want to change preset parameters, se# {IDu just want to run
the program, see (2). A description of resulting data anddgaan be found in (3).

1. Setting parameters

First of all, in the foldeismp, paramyou find the parameter files you need in order
to start right away. The vector of job arrival ratesieand the vector of separation
rateslam are saved in thparamgroup of .mat files, as well as the number of steps
that are used for the computations and the endpoint of thgpatations x.

The .mat files containin@onstin their name paramConst250paramConst500
paramConst100QparamConst200QaramConst4000paramConst8000andpa-
ramConst16000contain the parameters for the case of constant arrivas rand
hence the parameters on which the computations in subsectd. are based. The
file paramVar200@ontains data with duration-dependent job arrival ratesand
leads to the results presented in subsection 4.5.2. Fartrer allparamfiles con-
tain the separation rate vectam, the step numbestepsand the interval endpoint
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X.

If you want, you can replaceaueor lam by your own data for these arrival rates
and change the number of stegiepsand the endpoint of computatiorsccord-
ingly. In order to do so, open the correspondaagamfile, overwrite the respective
values and save your changes. Additionally, you have to smhand change the
value ofcounter For constant arrival ratespunterbegins with the smallest step
number (in the preset setup 250) and is doubled after every. I3 his proceed-
ing corresponds to the existing step numbers that are us8d520, 1000, 2000...
Please make sure to adjust this mechanism if you change pteanFor duration-
dependent arrival rates, just changminterto the value of the step number you
use.

Starting the programs

In order to run the programs and to compute the Semi-Markamsttion probabil-
ities as well as limiting distributions, just open and rue ffrogramstart.m The
central coordination filstart. mwill first ask whether you want to do the analysis
for constant or for duration-dependent job arrival rgi¢g. After having made
that decision, a .txt file is created, which collects somalte®f interest. Then, the
data from theparasfamily is loaded. Using this datatart.mrunsrectang.mand
trapeze.mwhich compute the transition probabilities by the rectamgethod and
trapeze method, respectively. In the case of constant jolakrates, the special
case of a continuous-time Markov chain, it will additioyallin analytic.mand de-
termine the analytical transition probabilities for compan. The evolution of the
probabilities over time is plotted into several figures bymmg plots.m(duration-
dependent(.)) or plotsAT.mandplotsAR.n(constanf:). Finally, the data is saved
into the .txt file. You can find the saved figures and data in ¢haef graphics

The resulting data and figures

The resulting data and figures can be found in the foiglaphics The .txt data
file presents transition probabilities at selected pomtgme as well as the limiting
probabilities. For a constant job arrival ratethe figures are named after the ap-
proximation methodARfor rectangle and\T for trapeze) and the step number. In
the case of a duration-dependgit), the figures are just nametbt andplotzoom
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