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Abstract:

Since the so-called Hartz IV reforms around 2005 and during the global crisis of 2008 /2009,
the German labor market featured mainly declining unemployment rates. We develop a
search and matching model with heterogeneous skills to explore the role of structural and
cyclical policies for this performance. Calibrating unemployment benefits to approximate
legislation before and after the reforms, we find a large reduction in unemployment and
its duration, with the transition concluding after about three years. During the crisis,
the extended use of short-time labor subsidies that prevent jobs from being destroyed is

likely to have prevented strong increases in unemployment.
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Non-technical summary

The so-called Hartz reforms of the German labor market aimed at increasing the flexibility
of the labor market, which was perceived as excessively rigid. In particular, unemployment
benefits that depended on previously earned wages were regarded as a main reason for
the high unemployment duration, since they were essentially paid out indefinitely, and
thus re-duced incentives to take up work. Therefore, after a series of reforms to the
unemployment insurance system, the long-lasting unemployment assistance was entirely
abolished. Workers now transit relatively quickly from the initial unemployment benefit
into means-tested welfare.

This paper aims at quantitatively assessing the effects of the reforms in a structural
model of a labor market with search unemployment. The model uses the familiar frame-
work with matching friction, and is extended by the assumption of heterogeneous pro-
ductivity of work-ers and a stylized description of the German unemployment insurance
system before and af-ter the reforms. Employment leads to productivity of a worker
increasing over time, while productivity drops after long spells of unemployment. The
paper first addresses the possible effects on the long-run unemployment rate, along with
the dynamic adjustment in the transi-tion to the new equilibrium. Next, a simulation is
conducted comparing how the labor market would have responded before and after the
reforms to a shock that is meant to approximate the effects of the economic and financial
crisis of 2008 and 2009. Finally, the question is ad-dressed whether subsidies to jobs that
would otherwise be destroyed, similar to short-time work subsidies, can be effective in
keeping unemployment.

In the model, the unemployment rate falls by about 3 percentage points due to the
reforms. This is the consequence of the reduced role of the unemployment benefits that
depend on previous income. Before the reforms, unemployment assistance kept workers
that had lost skills after long spells of unemployment from taking up low paying jobs,
which would have corresponded with their lowered productivity. This explains the high
duration of unemploy-ment in Germany. After the reforms, the short duration of those
benefits that depended on previous wages increased the incentives to accept lower paying
jobs. This leads to a fall in unemployment duration in the model. Interestingly, most
workers’ wages do not fall. Their bargaining position in fact improves endogenously
because the probability of finding alterna-tive jobs has increased, even though the duration
of unemployment benefits has worsened. Including also estimation results obtain in work
by other researchers, a higher efficiency of job matching may lead to an additional drop

in unemployment of about half a percentage point.



The adjustment after the reforms takes place relatively fast, and is largely concluded
after about three years. This would be roughly in the year 2008. This runs counter
arguments that explain the favorable dynamics of the German labor market after the
crisis with an ongoing adjustment to the new equilibrium. The simulation of a shock that
has German unemployment increase in the same magnitude as in other countries leads to
an sluggish increase and then slow adjustment back of the unemployment rate. And can
be shown that the reforms did not change the typical reaction to shocks. Furthermore,
a subsidy to jobs that would otherwise be destroyed can prevent a strong increase in

unemployment. The budgetary costs for the state are comparatively small.



Nicht-technische Zusammenfassung

Die sogenannten Hartz-Reformen des deutschen Arbeitsmarktes zielten darauf ab, die als
verkrustet wahrgenommene Struktur des Arbeitsmarktes zu flexibilisieren. Insbesondere
wurden die einkommensabhéngigen Lohnersatzeinkommen als Hauptgrund fiir die hohe
Dauer der Arbeitslosigkeit angesehen, da sie durch eine lange Bezugsdauer die Anreize,
Beschiiftigung zu suchen, minderten. Daher wurde nach den Reformen von Arbeitsvermit-
tlung und -vertréigen das Arbeitslosenversicherungssystem dahingehend reformiert, dass
die lang andauernde Arbeitslosenhilfe vollstindig abgeschafft wurde.

Dieses Arbeitspapier zielt darauf ab, die Effekte der Reformen in einem strukturellen
Modell eines von Sucharbeitslosigkeit geprigten Arbeitsmarktes quantitativ abzuschétzen.
Dabei handelt es sich um einen bekannten Ansatz mit Matchingfriktionen, erweitert durch
die Annahme von heterogener Produktivitit von Arbeitern und einer stilisierten Beschrei-
bung des deutschen Arbeitslosenversicherungssystems. Beschiiftigung fiihrt im Zeitablauf
zu steigender Produktivitdt eines Arbeiters, wihrend die Produktivitit bei langanhal-
tender Arbeitslosigkeit fillt. Zunichst geht das Papier auf die moglichen Effekte der
Reformen auf die langfristige Arbeitslosenquote ein, sowie die zeitliche Anpassung im
Ubergang zum neuen Gleichgewicht. Danach wird simuliert, wie der Arbeitsmarkt vor
und nach den Reformen auf einen Schock reagieren wiirde, der dhnliche Effekte wie die
Wirtschafts- und Finanzkrise von 2008 und 2009 hat. Schliefilich geht die Arbeit der
Frage nach, ob Subventionen von durch die Krise gefihrdeten Arbeitsplidtzen, dhnlich
dem Kurzarbeitergeld, effektiv sein kénnten, um die Arbeitslosigkeit gering zu halten.

Im Modell zeigt sich, dass die langfristige Arbeitslosenquote aufgrund der Reformen
um etwa 3 Prozentpunkte sinkt. Dies ist die Folge der geringeren Bedeutung der vom
vorigen Einkommen abhéingigen Lohnersatzleistungen (Arbeitslosengeld IT). Vor den Re-
formen hat die Arbeitslosenhilfe nach langer Arbeitslosigkeit nicht mehr Qualifizierte
davon abgehalten, schlechter bezahlte Jobs anzunehmen, die ihrer nun geringeren Produk-
tivitét entsprechen. Nach den Reformen erhohte die kiirzere Dauer des vom vorigen Lohn
abhingigen Arbeitslosengeldes die Anreize, auch niedriger entlohnte Arbeit anzunehmen.
Somit fillt im Modell auch die durchschnittliche Dauer der Arbeitslosigkeit. Interessan-
terweise fallen die durchschnittlichen Lohne fiir die meisten Beschiiftigten dennoch nicht.
Thre Verhandlungsposition verbessert sich endogen durch die hohere Wahrscheinlichkeit,
einen zu Job finden, obwohl sich die Bezugsdauer des Arbeitslosengeldes verschlechtert
hat. Die Beriicksichtigung einer hoheren Effektivitit der Arbeitsvermittlung, wie sie in der
Literatur geschiitzt wurde, fiihrt zu einer zusitzlichen Verringerung der Arbeitslosigkeit

um rund einem halben Prozentpunkt.



Die Anpassung an ein neues Gleichgewicht erfolgte nach unseren Simulationen nach
den Reformen relativ schnell, und ist nach etwa drei Jahren weitgehend abgeschlossen, also
etwa im Jahre 2008. Dies spricht dagegen, die giinstige Dynamik des deutschen Arbeits-
marktes nach der Krise mit einer noch andauernden Anpassung an ein neues langfristiges
Gleichgewicht zu erkldren. Aus dem Modell heraus ergeben sich keine starken Unter-
schiede der Reaktion auf Schocks vor und nach den Reformen. Desweiteren kann eine
Subvention von durch den Schock gefihrdeten Arbeitsplitzen (also Kurzarbeitergeld)
verhindern, dass es zu einem starken Anstieg der Arbeitslosigkeit kommt. Die dabei

anfallenden Kosten fiir den Staat sind in der Simulation nur gering.
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Transitions in the German Labor Market: Structure and Crisis!

1 Introduction

The German labor market has undergone remarkable transitions during the past decade.
After unemployment had been rising since the 1970s, reaching its peak of almost 11
percent in 2005, a series of reforms to the unemployment insurance system appears to have
induced a reversal. The main focus of the so-called Hartz reforms was on the supply side
of labor, to increase unemployed workers’ incentives to accept jobs. This was implemented
by reducing the level and duration of unemployment benefit entitlements. By 2011, the
unemployment rate had fallen to 7.2 percent.? Surprisingly, while many countries (such as
the U.S. and Spain) remained stuck with high unemployment two years after the economic
crisis of 2008 and 2009, it has barely risen in Germany and the economy has rebounded
to an extent that there are even reports of shortages for skilled labor. Some observers
speak of a German employment miracle.?

It is not clear however, whether this performance is mainly the consequence of the
reforms as such, of the stabilization policies adopted during the crisis, or other factors.
Gartner and Merkl (2011) emphasize the importance of the reforms and the ensuing
wage moderation, arguing that the crisis has only briefly interrupted what is a forceful
downward transition to a new steady state with low unemployment. Others argue that
short-time work subsidies (Kurzarbeitergeld) may have had a significant role in preventing
massive employment losses, in Germany and other countries.? In contrast, Burda and
Hunt (2011), Dietz, Stops, and Walwei (2011), and others argue that instead flexible
work arrangements, such as working time accounts, allowed firms to smooth production
costs and created incentives to keep workers. Burda and Hunt (2011) also stress that

pessimistic expectations led to a hiring backlog in the pre-crisis boom, and thus subdued

!This paper was prepared for the 77th Carnegie-Rochester-NYU Conference in New York, April 2011.
We thank our discussant, Riidiger Bachmann, and the editors Tom Cooley and Yongsung Chang, whose
comments have led to substantial improvements of the paper, and further Agostino Consolo, Heinz Her-
rmann, and participants at the conference for discussion and comments. Anja Goede and Nawid Siassi
provided outstanding research assistance. M.U. Krause: Economic Research Center, Deutsche Bundes-
bank, Wilhelm-Epstein-Str. 14, 60431 Frankfurt, Germany. Email: michael.u.krause@bundesbank.de. H.
Uhlig: Department of Economics, 1126 East 59th Street, The University of Chicago, Chicago, IL 60637,
USA . Email. huhlig@uchicago.edu. This research has been supported by the NSF grant SES-0922550.
The views expressed in this paper do not necessarily reflect those of the Deutsche Bundesbank or its staff.

2We are talking here in terms of the ILO definitions of unemployment, which are lower than the official
German Labor Office’s measurements.

3See, for example, Burda and Hunt (2011), and Gartner and Merkl (2011).

4See Hijzen and Venn (2011).



firing in the crisis. All of the arguments thus far are largely based on empirical analyses
and small illustrative models.

This paper develops a quantitative labor market model to offer a structural perspec-
tive on the performance of the German labor market before and during the crisis. Our
model is close to those by Ljungqvist and Sargent (2007) and Den Haan, Haefke, and
Ramey (2005), featuring skill heterogeneity of workers along with search and matching
frictions as familiar from Mortensen and Pissarides (1994), and endogenous job acceptance
and separation rates. To this we add a more detailed description of an unemployment
insurance system, with layers of benefits and welfare payments as present before and
after the German Hartz reforms. Workers accumulate skills on the job and lose skills
when unemployed. It is the interaction of skill loss during unemployment and generous
unemployment benefits that depend on previous earnings which generates the higher un-
employment rate before the reforms. This is our framework of choice because it allows a
unified explanation of the evolution of European and U.S. unemployment since the 1960s,
as shown by Ljungqvist and Sargent (1998, 2008). To generate rising unemployment, the
standard search and matching model without skill heterogeneity would require counter-
factual increases in unemployment benefits and other institutions which historically have
undergone only relatively little change.’

In the first part of the analysis, we calibrate the model to characterize the German
labor market before the reforms, and then simulate the transition after the so-called
Hartz IV reform stage in 2005. For our baseline calibration, we find that the reduction
of the duration of unemployment benefits, essentially brought about by the removal of
the long-lasting earnings-dependent unemployment assistance, accounts for an about 2.8
percentage point reduction in the unemployment rate. Labor market tightness and job
acceptance rates both increase, leading to a drop in the fraction of low-skilled workers with
high benefits. The number of long-term unemployed workers drops, but since the reforms
removed the earnings-dependent unemployment assistance which was only slightly lower
than the unemployment insurance benefits, a much larger fraction of those workers is now
on welfare. Output is higher not only due to the higher employment rate, but also because
workers find jobs faster and jobs last longer. Both factors lead to an overall improvement

in the quality of the workforce. Further reductions in the unemployment rate may have

°See Costain and Reiter (2008) and Pissarides (2009). The key element originally introduced by
Ljungqvist and Sargent (1998) is an increase in the degree of skill obsolescence after workers’ job loss,
which they term “turbulence”. In their model, an increase in turbulence increases unemployment in
a European-style welfare state because formerly high-skilled workers maintain high earnings-dependent
benefits after job loss, muting job search incentives. Our analysis is thus complementary to theirs in that
we analyse changes in labor market institutions while instead leaving the dynamics of skill loss unchanged.



been generated by other aspect of the reforms. For example, the earlier stages (Hartz I1
and IIT) aimed at improving job matching. Guided by findings of Fahr and Sunde (2009),
increasing the match efficiency parameter in the model by 10 percent yields an additional
reduction of more than 0.6 percentage points in the unemployment rate.’

Most of the transition to the post-reform steady state takes place within the first three
years. That is, by 2008, the adjustment would have largely concluded. Returning to the
argument by Gartner and Merkl (2011), the 2009 drop in output would then have hit an
economy already in the new steady state, so that the employment adjustment to the crisis
should have followed normal cyclical patterns. But even if the transition had been still
ongoing during the crisis, there is a second issue pertaining to the level of the post-reform
steady state. Suppose the steady-state unemployment rate in 2005 was at the 10.8 percent
predicted by the model. Then with an overall reduction of 2.8 percentage points induced
by the reforms, apart from match efficiency gains, the new natural rate of unemployment
would still be above the roughly 7.4 percent during the crisis. Only if the natural rate
were much lower could the reforms have potentially have mattered for the performance
during the crisis. Whether this may actually have been the case requires simultaneous
analysis of aggregate shocks and transitions.

We calculate how the model economy responds to an intertemporal preference (or
discount factor) shock. The discount factor shock can be regarded as a proxy to financial
market turmoil as it affects the interest rate, and thus the long-run incentives to invest
in new jobs, and thereby as a simple stand-in for the driver of the 2008/2009 recession.
Even fairly small changes in the discount factor induce large changes in unemployment.
This is a potential candidate for an explanation of the large drop in employment in the
U.S. and several European economies, but would not help understand the evolution of the
German labor market, where unemployment barely changed, unless other factors played
a role, such as policy. We focus on short-time work subsidies in particular’: in times of
exceptionally reduced product demand, firms can apply for such subsidies, inducing the
government to finance part of the proportional shortfall in wages that workers would suffer,
while allowing firms to cut costs. During the crisis, the German government also increased
the maximum duration of the subsidies. We model such subsidies as a transfer payment
to those job-worker matches that would otherwise separate after an aggregate shock. To

generate the observed drop in German output during the recession while at the same time

OFahr and Sunde (2009) were the first to present evidence on job matching after the reforms. The
relevant reforms were actually conducted in 2002 and 2003, prior to the observed reduction in unemploy-
ment.

"See Cahuc and Carcillo (2011) and OECD (2010) for a survey and assessment of short-time work
subsidies.



leaving unemployment roughly constant requires large movements in output-per-worker.
On the other hand, a discount factor shock of a size sufficient to force unemployment up
by as much as in other European G7 countries, i.e., about 2 to 2.5 percentage points, can
be offset by a relatively moderate subsidy.

We also allow for a revenue shock can be seen as a demand shock that is caused by
markup variations, and it affects the returns to producing, or an exogenous technology
shock.® The discount factor shock could be seen as a driver of endogenous productivity
movements, in that it affects the intensity at which firms would want to utilize their fac-
tors of production. We stress this interpretation because exogenous shifts to the level of
technology are probably not the root cause of the crisis. It also allows us to discuss move-
ments in the intensive margin of labor input along with the extensive margin of adjusting
the labor force. It turns out that the responses to the revenue shock are comparatively
weak, mirroring the familiar results of Shimer (2005), Hall (2005) and Costain and Reiter
(2008) that the standard search and matching model does not yield much amplification
to technology shocks. However, this does not mean that revenue is the not the main
driver of productivity, and thus of output movements. The large drop in output per
worker in Germany can be the endogenous response to fallen marginal revenue, whereas
in the U.S., the large reduction in employment kept revenue per worker roughly constant.
One may argue that the U.S. and other countries may have experienced large changes in
intertemporal trade-offs, whereas Germany only experienced temporary demand slump.

The paper is related to a quickly developing literature. The approach followed in our
paper is most closely related to the contributions of Ljungqvist and Sargent (2004 and
2007) and Nie (2010). In a series of papers, Ljungqvist and Sargent develop models that
explain the rising European unemployment as an outcome of increased skill obsolescence
upon job loss, which they call ‘turbulence’. In contrast, the U.S. labor market, which
has low unemployment benefits of short duration, is argued to be able to respond flex-
ibly to higher turbulence. In their 2007 paper, the authors have shown the robustness
of their results to the inclusion of matching frictions and firing costs. Nie (2010) uses
a similar model to focus on the German labor market reforms and their effects on the
incentives to accumulation human capital through training. The only other analysis of
the German Hartz IV labor market reforms in a heterogeneous agent model is by Krebs
and Scheffel (2010), calculating an unemployment rate decrease of 1.1 percentage points.
The authors depart from the risk neutrality assumption that we entertain and focus on

the savings decision of workers and welfare implications. An interesting application of

8In our real model the markup variations would be exogenous. In a model with nominal price stickiness,
such variations are endogenous.



dynamic simulations as in our paper is found in Nakajima (2011), who analyses the ex-
tension of unemployment benefits during the crisis in the U.S. He focuses on the details of
the duration of the extensions and different points in time, and finds an overall additional
impact on the U.S. unemployment rate of 1.6 percent.

The paper proceeds from here as follows. In the next section, we give some institutional
background on the German labor market and its reform as well as discuss short-time labor
subsidies used extensively during the crisis. In section 3 we set up the model. We describe
our calibration and simulation strategy in section 4. In section 5 we present the analysis.
First, we compare the quantitative steady state outcomes pre- and post-reform. We then
show the transitional dynamics of the unemployment rates. Finally, we subject the model
economy to a discount shock during that transition, and discuss the impact of short-term

labor subsidies. Section 6 concludes.

2 Background

Since the 1970s, the German labor market experienced an increase in unemployment from
about 4 percent to above 10% in 2005. In particular, since 1995, unemployment fell below
8 percent only at the height of the so-called dotcom bubble. Figure 1 shows the evolution of
the German unemployment rate since 1995, along with that of major developed countries.
Since 2005 however, the unemployment rate has fallen persistently until the 2008/2009
global economic crisis. Surprisingly, while the crisis has led to increases in unemployment
in all G7 countries, in Germany it has only taken a temporary dent, and appears to
continue on a downward trend. This is in particularly stark contrast with the experience
in the U.S. and U.K. Note however that output in Germany fell by similar magnitudes as
in other countries.”

The very peak of the German unemployment rate in 2005 coincides with the period of
the introduction of major parts of the Hartz reforms. These labor market reforms were
actually enacted in a sequence of steps from 2002, until on January 1, 2006, the final step,
Hartz IV, was implemented to change the benefit system. The first steps were largely
concerned with reforming the Federal Employment Agency, as well as developing better
tools for improving search and retraining, and measures to foster self-employment.'’ The
final step was key, as it reduced in the duration of the entitlements to earnings-dependent

unemployment insurance.

9See, e.g., Burda and Hunt (2011).
10See Ebbinghaus and Eichhorst (2009) and Eichhorst and Marx (2011) for a detailed description of
German labor market policies.



Figure 1: G7 Unemployment Rates, 1995 to 2010
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Before Hartz IV, the German unemployment benefit system consisted of three layers:
unemployment ‘insurance’, unemployment ‘assistance’, and supplementary social assis-
tance (or welfare). Unemployment insurance benefits were (and are) part of the compul-
sory social security system, and are thus financed through a tax on labor, paid in half
by employees and employers. The incomes support from that system typically lasted 52
weeks.

The second component, unemployment assistance, was the most distinct feature of
the German system, and has been entirely removed with the reforms. Its ‘assistance’
payments were based on previous net earnings, albeit at a slightly lower percentage than
unemployment benefits, and after means testing, but the duration was essentially indefi-
nite. Particularly workers with relatively high earnings before unemployment, but low or
depreciated marketable skills, had little incentive to search for jobs and were thus likely
to stay long in unemployment assistance. Many of these workers eventually entered early
retirement without ever having participated in the labor market again.

Social assistance was also means-tested and paid an indefinite amount of time, but



it did not depend on previous employment or earnings. It was mainly meant for non-
employable persons, but unemployed workers could receive supplementary payments from
social assistance when their benefit income was below a specified existence minimum.
Also the number of children was taken into account and subsidies may have been paid for
accommodation.

The key innovation of the Hartz IV reforms was to merge unemployment assistance
and social assistance, essentially abolishing the former. The newly defined “unemployed
income II” (for Arbeitslosengeld II, henceforth ALG II) is a means-tested payment which
depends on basic needs, family status, and willingness to work. It thus is much closer
to the previous social (welfare) assistance than to unemployment assistance. Refusal to
work may lead to cuts in the benefit level, at the discretion of local employment agencies.
Notably, a person is employable if he or she is capable of working at least three hours a
day. It can also be paid to employed persons or those on what is now called ALG I, whose
income is below a certain level. The design of ALG I remained largely unchanged from
the former unemployment benefits, and is based on previous earnings, but paid for about
one year only.!!

In spite of these — for Germany — rather fundamental changes, the new system carries
in it some exceptions that may reduce its effectiveness. For example, a supplementary
temporary benefit is paid after transiting into ALG 11, for up to two years. This mitigates
the incentives to start searching for jobs early during an unemployment spell. Further,
in ALG II, additional support is granted for housing and heating, and it depends on the
number of dependents.

Several empirical studies focus on the incentive problems in the German unemploy-
ment benefit system. Ochel (2005) finds that high unemployment benefits result in higher
reservation wages and, therefore, adversely affect the transition from unemployment to
employment. Schéfer (2003) concludes that the evidence shows that the duration of
unemployment benefits is largely responsible for increases in unemployment duration.
Correspondingly, Christensen (2005) finds that higher reservation wages lead to a higher
unemployment duration. According to OECD (2006), the German unemployment insur-
ance system still provides disincentives to supply labor. Especially a lower level of support
for the low-skilled would increase the transition to employment.

A stunning feature of the evolution of the German labor market during the crisis
is the absence of a significant increase in unemployment, as visible in Figure 1. At the

same time, output fell in 2009 by 4.7 percent. Correspondingly, labor productivity sharply

H'Workers above 55 years of age have an entitlement to 18 months of ALG 1.



declined.'? Also job openings fell only by a quarter during the crisis and have returned now
to pre-crisis levels. This is in stark contrast to the U.S. experience, where unemployment
almost doubled, while productivity increased. So the question is: why did many German
employers choose to keep most of their workers? A tool used by the German government
to stabilize employment is a short-time work subsidy, which allows firms to cut hours
worked and reduce monthly wage payments to workers. The government matches part of
the gap between the regular monthly pay of its workers, and the reduced pay under short-
time work. Figure 2 show the numbers of workers affected by short-time work allowances,

which reached a peak of almost 1.5 million in May 2009.'3

Figure 2: Number of workers affected by short-time labor subsidies
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Before the crisis, the short-time work subsidy was available for up to six month. FEs-
sentially, firms are eligible if the reduction in work-time is due to economic circumstances
or unavoidable events, and if it is temporary. A minimum requirement is that the reduc-
tion in work-time would lead to a loss of at least 10 percent of monthly earnings, and at
least a third of the employees must be affected. In the crisis, there have been successive
extensions by ordinance. First, in 2009 and limited to applications to December 31st of
that year, the duration of the eligibility was increased to 24 months. At the end of 2009,

the duration was set at 18 months for new applications, and finally, for 2011, an extension

12See Burda and Hunt (2011).
13For more details on short-term labor allowances in Europe during the crisis, see European Commission
(2010).



to 12 months above the standard 6 months was decided. Under such circumstances, the
German Labor Agency pays at least 60 percent of the gap between normal pay, and the
pay under reduced work time. Furthermore, at least part of the social security contribu-
tions regularly paid by the employer is reimbursed. From July 2009, 100 percent of social

security contributions were paid to employers.

3 The model

Our model builds on the Mortensen and Pissarides (1994) search and matching model with
endogenous job destruction, enriched with heterogeneous dynamics of workers’ skills, as
in Ljungqvist and Sargent (2007), and a more detailed institutional structure of the labor
market. Unemployed workers search for jobs, while vacant jobs search for workers.'t
In this framework, the familiar matching function generates contacts between workers
and firms, but matches are formed only if an idiosyncratic productivity draw for the
job exceeds an optimal threshold. A match continues until it separates exogenously or
after either a new productivity draw or an improved outside option of a worker makes
separation a mutually agreed outcome. On the job, a worker’s skill may improve over
time and potential entitlements to unemployment benefits may change, based on labor
market experience. During unemployment, skills and benefits may decrease over time.
Wages are determined by sharing the surpluses of worker and job over their respective
outside options. A government taxes firms’ revenue to finance its budget which includes

the costs of the unemployment insurance system. Now we turn to the formal details.

3.1 Workers

Time is discrete and the workforce is of measure one. At each point in time, risk-neutral
workers have a level of general human capital, or skill, indexed by quality ¢ = 1,..., 1,
with ¢ = 1 being the highest quality. Employed workers with ¢ > 1 receive stochastically
arriving skill upgrades (representing, for example, learning-by-doing), which arrive at a
constant Poisson rate. When unemployed, workers with skill higher than the minimum
skill may suffer a loss in skill, which also follow a Poisson process.

Workers without jobs receive unemployment benefits of one of several possible levels
b;, indexed j = 1,...J, falling in j. The unemployment benefit of a worker separated
from his or her job depends on the entitlement built up during employment, which in

turn depends on the skill level of the worker. This dependence indirectly captures the

4 Jobs can be treated as one-worker firms, due to a constant-returns assumption for production.



dependence of the benefits on wages, as the latter also depend on the skill level: the
advantage of this more indirect approach is the computational tractability. Unemployed

workers experience benefit reductions that arrive over time according to a Poisson rate.

3.2 Firms and jobs

There are a large number of potential firms with a single job that are free to enter the
matching market at a cost V;. A job-worker pair produces total output y = az where a
is an aggregate productivity or revenue measure and z is a match-specific, idiosyncratic,
productivity drawn from a skill-specific distribution z ~ v;(dz). New draws for z ar-
rive with probability v*, which thus governs the persistence of idiosyncratic productivity.
Draws from v;(dz) are taken for both new contacts between workers and jobs and for
existing matches, and a critical threshold for z exists below which a match is either not
consummated in the first place, or an existing match is destroyed. Since the thresholds
depend on the skill level and benefit entitlement were the worker unemployed, endogenous
separations may take place either after a new productivity draw or if an increase in benefit
entitlement makes continuation of the match inefficient.!?

Worker and firm bargain over the surplus of the match, with a share m going to the
worker and the share (1 — ) going to the firm.'® While the worker’s fallback option in
wage negotiations depends on his benefit entitlement and reemployment probabilities as
determined by current skills, the firm’s fallback is given by the entry cost V;. We assume
that workers discount future income with a factor 5. Assuming perfect capital markets,

firms use the same factor when discounting profits.

3.3 Labor market

Each period, the number of contacts between unemployed workers and vacant jobs is
determined by an aggregate matching function, m(v, u), where m is the number of contacts
that can become matches in the next periods, v is the measure of vacancies, and u is the
measure of searching workers, the unemployment rate. The function is constant returns

to scale in v and wu, so that the contact, or job-finding rate, for workers, A = m(v, u)/u,

15Separations potentially occurring after new productivity draws is the familiar mechanism in
Mortensen and Pissarides (1994) that generates endogenous job destruction rates. The feature that
productivities are drawn also after first contact between worker and firms adds the notion of stochastic
job match quality as in Pissarides (2000, chapter 6). In the original Mortensen- Pissarides model, new
jobs are always created at the highest productivity possible.

16We use a simple sharing rule because the Nash bargaining solution requires that the bargaining set
be convex, which is not the case in our model.
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and the worker-finding rate for vacancies, A’ = m(v,u)/v, can be expressed as functions
of labor market tightness 6 = v/u.

For jobs, the probability of contacting a worker with a particular skill-benefit mix 4, j
depends on the relative masses of the different unemployed worker types, that is,

u(z,
)\f(i,j) — )\fM_
u

where (i, j) is the mass of unemployed workers with skill level 7, and benefit entitlement
j. After contacts are determined, the rate at which productive matches are formed de-
pends on the idiosyncratic productivity draw z for that job. Below a critical threshold,

production is not efficient, and firm and worker continue searching.!?

3.4 Government

Output y is taxed at a proportional rate 7, so that net output (1 — 7)y remains to be
shared for the parties to a match. The government’s expenses for the welfare state are the

benefit payments to the various types of unemployed workers. Thus the budget identity

X + Z Z bju(i,j) = Z Z e(i, j) /ZJ Tazvi(dz), (1)

recalling that y = az. Expenditure on unemployment benefits depend on the masses

1S

of workers in the different unemployment states, u(i, j) while the tax revenue depends
on aggregate productivity a and the distribution of the productivity levels z for the
various types of productive employment relationships e(i, j). The expenditure component
X represents either a lump-sum transfer to households and/or government purchases.
We assume that unemployment benefits b; are proportional to the average wages earned
by workers in the different skill groups. That is, we take average earnings capacity as

18

the determinant of unemployment benefit entitlements.”® More details are given in the

appendix.

1"Note that search is not directed but random, that is, firms cannot target vacancies at a particular
type of worker. Instead, they post vacancies on the basis of the expected skills and entitlements of the
workers they may contact. Ljungqvist and Sargent (2007) explore the implications of assuming multiple
matching functions for the different skill-benefit types.

18To be exact, one would have to take account of a worker’s earnings of a certain number of previous
periods as the basis for benefit entitlements, as mandated by legislation. Doing so would vastly expand
the state space and thus the computational burden, without too much additional insight. Ljungqvist and
Sargent (2007) and Den Haan, Haefke, and Ramey (2008) follow the same strategy.
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3.5 Equilibrium

The decisions of workers and firms are guided by the discounted present values. As
described, the decision problems of workers are to accept or quit a job, contingent on
her current skill level 7, the current unemployment benefit entitlement j, and the current
job-specific productivity z. Firms choices are to enter the matching market and to decide
whether accept a new match or to separate from a worker. The surplus from a job

producing y = az and to be shared between the worker and the firm is given by

where (1 — 7)y + G(4, j,y) is the sum of the flow product net (of taxes) and the present
value of the job, and —V; — V/(7,j) is the sum of the outside options of the firm and
worker, respectively. G(i,j,y) is the continuation value of the match and V (i, j) is the
present value of unemployment to the worker.

The continuation value GG of the match depends on changes in the exogenous and
endogenous states that occur from one period to the next, and, indicating future values

with primes, ' , is given by

G(i.jy) = BY Q. J, 1;i,j)max{S(i, j,y),0}

ilyj/
830U Zid) [ ST az(d:)
7 2224
1,7 ==i0,]
+8 Y QU J'\ i ) (Vi + V(i 5),
i’,j’,n’

where the (Q's are the transition probabilities between different skill and benefit states,
defined as follows. There are three cases n’ = 1,2, 3 in the next period. The first term on
the right hand side is the expected present value of the match for unchanged z, which is
the first case n’ = 1. That is, no new draw for the idiosyncratic productivity has arrived.
However, states ¢ and j may have changed, possibly leading to a negative surplus, and
consequently a separation, so that only the outside options would be earned. The second
term denotes the expected present value of the match for the case n’ = 2, in which
idiosyncratic productivity in fact has changed. The expectation over the draws of z is

taken, conditional on the match not separating endogenously. This is the case when
22 2= min{z | S(i, j,y) > 0} (2)

The third case n’ = 3 is exogenous separation. Finally, the third term reflects the values

of the outside options. This is part of the continuation value for any n’ = 1,2, 3.
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The present value of unemployment to the worker is

V(i) =b+ 8 P, j3i,)) (W /

i1l
? 7]

S, j' az)vy(dz) +V (i’,j')) )

>z
22l jt

With probability A\, the worker is matched to a new job, and, conditional on i, j* and
z > zy js, earns a share 7 of the surplus in addition to her outside option. If not matched,

with probability (1 — A\"), the worker earns only the outside option V (', j').

3.6 Wages and firm entry

Given our surplus sharing rule, the contract can be implemented with a wage correspond-
ing to the flow of the match value accruing to the worker. This wage w(i, j,y) is given
by

w(i, j,y) + G (i, j.y) = V(i.j) = 7S(i. j,y)

where

G" (i, j,y) = 7 [G(i,j,y) — BV + (1 — ) Z QU '\ n'si, HV(T', "),
7-] n
is the (gross) continuation value for a worker on a job characterized by 4, j, and z. This
value is a weighted average of the worker’s share of the job’s net value plus the worker’s
outside option.
In equilibrium, the fallback option of firms, V;, must equal the cost of creating jobs.

New jobs enter the market whenever the benefit of posting a vacancy exceeds its cost, V.
Thus'?

V=SNG j) (1—m) B / SGi, jy)vidz) + BV,
1,J Zij

4 Calibration and solution

Since the model does not have an analytical solution is must be solved numerically. First,

we discuss here the calibration, and then explain the solution and simulation methods.

4.1 Calibration

An overview of our parameterization is in table 1. Sources that guide our choices of

values are the benefit rules from German legislation before and after the reforms, facts on

Y9See also Den Haan, Haefke, and Ramey (2005), p.1368.
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labor market flows, and parameters used in related work. We draw on specifications in
Ljungqvist and Sargent (2004), Den Haan, Haefke, and Ramey (2005) and Nie (2010), who
estimated with German data the process that governs the accumulation and decumulation
of skills.

The model period is set to be quarters of a year, with a discount factor = 0.99,
corresponding to an annual interest rate of about 4 percent. We allow for three skill
levels: high and robust (i = 1), high and fragile (i = 2) as well as low (i = 3). The
match specific productivities z are uniformly distributed z € [z(i),Z(i)]: for low skilled
workers, z is drawn from [0.5, 1.5], while they are drawn from [1.5,2.5] for both types of
high-skilled workers.

The difference between robust and fragile high skills will affect the likelihood of a
skill loss when unemployed, thereby allowing us to introduce some persistence in the skill
process. Transitions take place with the following probabilities. During employment, low
skills become fragile high skills with probability 1, = 0.025 each quarter. Fragile high
skills become robust high skill with probability 1 next period. During unemployment,
robust high skills become fragile with probability 1, and fragile high skills become low
skills with v, = 0.25. Thus, workers with fragile high skills would still be more productive
if they found a new job, but they face a higher risk of skill depreciation during unemploy-
ment. Were they to find a job soon enough, their skills would immediately turn robustly
high again. Finally, we assume that highly skilled workers immediately become low-skill
workers with a "turbulence" probability v, = 0.5.

New productivities are drawn from v;, i = 1, 2, 3 either when a match between worker
and firm is newly formed, or during employment with arrival frequency v, = 0.075. Thus
on average, productivity changes only every three years and three months. This induces
persistence in idiosyncratic productivity levels. Exogenous separations take place with
probability p, = 0.02 per quarter.

The legislation before the reforms entails two replacement rates: high and low, rep-
resenting unemployment insurance and unemployment assistance, and a welfare benefit
(social assistance), as described in section 2. The high replacement rate is set to ¢, = 0.6
and the low rate to ¢; = 0.53, which are the replacement rate values for single earners
without children.? Welfare benefits are assumed to be a fraction ¢, = 0.8, or 80 percent,
of the benefits that are received by workers who were low-skill and low-benefit upon job

loss.?! Recall from subsection 3.4 that we apply the replacement rates to the wage earned

20Using instead the values of 67% and 57% for workers with at least one child leads to slightly higher
unemployment rates, but no significant differences in percentage effects of the reforms or the dynamics
of the model. See OECD (2004) and OECD (2009) for details.

21 The welfare benefit rate is difficult to pin down, but we wanted to pick a number below, but relatively
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within each skill group. For workers with high benefit entitlement who have just lost their
jobs, there are two benefit levels, b, (h) and by,(1), depending on skill on the previous job
and the replacement rate ¢,. Likewise, there are two benefit levels for workers who have
just transited into the lower unemployment assistance, b;(h) and b;(l), with replacement
rate on previously-earned wages ¢,. Welfare payments, byeare, are not distinguished by
skill. So in total, there are five benefit levels to be tracked in the computations. After the
reforms, unemployment assistance is dropped from the system, with only unemployment
insurance, by,(7), and welfare, byeifare, and thus three benefit levels remaining.

We model the corresponding transitions between entitlements to approximate the in-
stitutional details given in OECD (2004, 2009). When unemployed before the reforms, a
high benefit level turns into a low benefit level with a Poisson arrival rate of v, = 0.2,
corresponding to an average duration of 15 months. The low benefit level turns into wel-
fare with a Poisson arrival rate v, = 0.025 or an average duration of 10 years, capturing
the almost infinite duration of the unemployment assistance in the old system. Since for
the new system, there is no low benefit level, the high benefit level transits to the welfare
benefits at a Poisson arrival rate of vy, = 0.25, i.e., after an average duration of one year.

Benefit entitlements change during employment in accordance with the skill level of
the worker. The probabilities are motivated by the time it takes by law to be eligible for a
higher benefit??: under the pre-reform system, a worker became eligible for high benefits
after having worked for 12 months out of the last 3 years in the old system, and achieved
full benefits after having worked two years out of seven. As a simplified summary, we
thus set the Poisson probabilities of an upgrade to high benefit eligibility for a high-
skilled employed worker to 1, = 1,;, = 0.25 and the upgrade from welfare to low benefit
eligibility for a low-skilled employed worker to 1, = 0.25, so that an employed worker
becomes eligible for a higher benefit level after one year. A downgrade to a lower benefit
for a low-skilled worker occurs with Poisson arrival rate v,; = 0.125. This may occur
when a formerly unemployed worker has high benefit entitlement even though her skills
had depreciated. After the reforms, the eligibility criteria have been tightened, which we
represent by reducing the probability of an entitlement upgrade to v, = ¢, = ¥, = 0.2.

The average tax rate is set to 7 = 30%. Workers and firms are taxed equally. Since
bargaining is efficient, it is irrelevant who pays the tax, so we assume that they bargain

over the after tax revenue (1 — 7)y. In equilibrium, this implies that expenses for the

close to the lowest unemployment benefits. A fraction of unemployed workers did in fact receive welfare
benefits that were even higher. Note that the Hartz IV welfare benefit should be a fixed value such as 345
Furos plus allowance for housing, heating, etc. Here we choose to have it endogenously in some relation
to the general wage level.

22 Again, see Ebbinghaus and Eichhorst (2009), and OECD (2004, 2009).
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unemployment insurance system are about 4 percent of the total government budget,
which is roughly in line with the relevant data from the OECD.

The matching function has the functional form m(v,u) = mv'~#u*. The scale para-
meter is set to m = 0.3 following Ljungqvist and Sargent (2007). The match elasticity is
i = 0.5. Strictly speaking, these are rates at which firms and workers contact each other,
but not match formation rates. The actual rates of match formation depend also on how
many contacts are actually profitable after the productivity draw for z. For low-skilled,
high-benefit unemployed workers, the likelihood of entering production is much lower for
a given draw of z. For the solved model, the finding rates imply a particular present value

of a posted vacancy.

4.2 Solution and simulation methods

We solve the model numerically via value function iteration. We use a fine grid instead
of a uniform distribution for z. For given labor market tightness and unemployment ben-
efits, the value function iteration finds the optimal values and thus the optimal cutoffs
(or decision rules) for z below which matches are either not formed in the first place, or
destroyed after either unfavorable productivity draws or changes in the economic envi-
ronment. Along the way, the distribution of workers across skill-benefit types and the
employment status is calculated. Based on the distribution of worker across employed
types, the average of low-skill and high-skill wages is calculated, based on which the
unemployment benefits are determined. Based on the distribution of workers across un-
employed types, the expected value of a posted vacancy is calculated and can be compared
with the cost of creating a job. In an outer loop, labor market tightness is adjusted until
the job creation condition is met. As the distribution of workers and the wages change
along the iteration, unemployment benefits need to be recalculated accordingly before
entering a new iteration round.

For the calculation of the transition paths between steady states or along a particular
simulated realization of shocks, we make again use of the system of value functions used
above, in an iterative two-stage procedure. We initialize the procedure per fixing the time
horizon T after which the adjustment processes are expected to be concluded, up to de-
sirable numerical precision. We then guess a complete transition path for the endogenous
aggregate variables, 6, and thus the resulting )\{ and \;” for each period between the ini-
tial and final steady state, and an initial time path for the distribution of workers across
types. The first stage is to solve for the optimal values and decision rules backwards,

that is, for each period t = T — 1 to t = 1, always using the then known future values
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Table 1: Calibrated parameters

Parameter pre-reform post-reform
(baseline) if change

Discount factor, 3 0.99

Distr. of low skill productivities, uniform v3 ~ [0.5,1.5]

Distr. of high skill productivities, uniform vy, v ~ [1.5,2.5]

Match efficiency, m 0.3

Match elasticity, 0.5

Exogenous separation probability, p, 0.02

Probability of skill upgrade, ¢ 0.025

Probability of productivity change, 7, 0.075

Probability of skill downgrade, v, 0.25

Turbulence (skill loss upon separation), v, 0.5

Entitlements changes during employment:
high skill worker, from low benefit, 1;, 0.25 0.2
low skill worker, from high benefit, 1, 0.125
high skill worker, from welfare, 1, 0.25 0.2
low skill worker, from welfare, 9, 0.25 0.2

Entitlement changes during unemployment:
Transition v, from by,(7) to b,(i) (pre-reform) 0.2 n.a.
Transition vy, from b;(7) t0 byeitare (pre-reform) 0.025 n.a.
Transition v, from by (i) to byelfare (post-reform) n.a. 0.25

Policy parameters
tax rate, 7 0.3
replacement rate for high benefits, ¢, 0.6 0.6
replacement rate for low benefits, ¢, 0.53 n.a.
welfare, relative to low benefit, ¢, 0.8 0.8
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and decisions. The second stage uses the recorded decisions to calculate, from period
t = 1 forward, the evolution the distribution of worker types as it results from agents
decisions. We calculate the average wage and thus the resulting unemployment benefits
as they prevail at each point in time. We calculate the value of vacant jobs at each point,
and update labor market tightness 6; to ensure the free entry condition is met. Then we

return to stage one until convergence.??

5 Labor market reforms

In this section we first characterize the labor market before the 2005 Hartz IV reforms,
in terms of the skill and benefit composition of the labor force, output, and the duration
of unemployment. We conduct the reforms in the model economy, merging the unem-
ployment assistance and welfare benefit system, and changing the duration of benefit
entitlements, and compare the new steady state with the previous regime. After showing
that the transition dynamics of the model are concluded relatively fast, we turn to the
analysis of shocks. One important question is how the reforms may or may not have
change the response of the labor market to aggregate shocks, such as intertemporal pref-
erence, revenue or technology shocks. The following subsection then turns to the analysis

of policy during the crisis.

5.1 Steady state before the reforms

An overview of the results is in table 2. The benchmark calibration implies an equilibrium
unemployment rate of 10.8%, which is roughly the actual value in Germany in 2005. In
that steady state, average wages earned by experienced high-skilled workers are w;, = 0.74,
and for workers with low skills w; = 0.32. Skilled workers earn on average higher than their
share of the after tax product 7(1 — 7)2z, = 0.7, mainly due to their benefit entitlement
which strengthens their outside option. Unskilled workers earn less than w(1—7)z; = 0.35,
since their employment relationship also entails the option value of a skill upgrade and
commensurate increased benefit entitlement in the future. The implied benefit levels are
in table 2. With the tax rate at 7 = 0.3, total tax revenue is 0.49, while total expenses
for unemployment benefits and welfare are about 0.04. This leaves a surplus of y = 0.45
for lump-sum rebates to households or remaining government spending. Total output in
the economy is Y = 1.6307.

23See Rios-Rull (1999) for solving and simulating heterogeneous agent models and Conesa and Krueger
(1999) for an application. Nakajima (2011) gives a particularly clear description of the solution method
in a related model.
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The job flows in steady state are as follows. While all jobs are destroyed at the
exogenous separation threshold p, = 0.02, the endogenous separation rates show some
heterogeneity. First of all, jobs with high skilled workers never break up endogenously,
so their job destruction rate is 2% per quarter. In contrast, jobs with unskilled workers
entitled to benefits break up at about 5% per quarter.

Labor market tightness before the reforms is ¢ = 0.76, which imply job finding prob-
abilities of \,, = 0.26 for workers and Ay = 0.35 for firms, close to the values assumed by
Ljungqvist and Sargent (2007). These are contact rates and not job filling probabilities
for low skilled workers, which are determined in combination with job acceptance proba-
bilities, as implied by the thresholds. For example, a low skilled worker with high benefit
entitlement will reject 40% of the job offered after a contact. High-skilled workers accept
all jobs they contact. The resulting average outflow rate for unemployed workers is then
0.155, which implies an average unemployment duration of 6.07 quarters, which is about
a year and a half.?*

Workers flow between employment and unemployment, and between the different skill
and entitlement types, according to both the exogenously given and the endogenously
determined probabilities. The different probabilities determine the stocks of workers that
reside in the various categories. Table 3 gives the equilibrium break-up of the skill-benefit
composition of the workforce, where the upper half concerns the situation before the re-
forms. Since high skills become fragile upon job loss, no unemployed worker has robust
high skills. The majority of the unemployed is made up of low-skilled workers, of which
37.9 percent receive unemployment insurance, 43.9 percent receive unemployment assis-
tance, and only 3.5 percent welfare payments: prior to the reforms, transition into welfare
was simply rather unlikely. Table 4 shows the composition of the employed workers: 93.3
percent are entitled to the high benefits, and three quarters are high-skilled.

Of those in employment, about 71% are workers who have accumulated skill on the
job, and have the correspondingly high benefit entitlement were they to become unem-
ployed. Recall that once a worker has reached a high skill level, only the exogenous
separation rate applies, which is relatively low. Most of the low-skilled workers also have
the correspondingly low benefit entitlement. Observe that even though a quarter of the

unemployed is low-skilled with high benefits, only a small fraction of such workers is in

24The outflow, or job finding, rate is determined from as the average job finding rate across unemployed
workers of skill j and benefit j, as in Table 3, that is,

Aw Z Z [1 - (éi,j - 05)] u(i, j)/u.
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Table 2: Effects of labor market reforms

Variable pre-reform post-reform
(baseline)
Unemployment 10.8 % 8.0%
Average wages, skilled workers 0.74 0.74
Average wages, unskilled workers 0.32 0.28
Unemployment benefits;
bn(h): high benefit, previously skilled 0.44 0.45
by (1): high benefit, previously unskilled 0.19 0.17
bi(h): low benefit, previously skilled 0.39 n.a.
bi(1): low benefit, previously unskilled 017 n.a.
welfare benefit, byeitare 0.14 0.13
Output 1.63 1.68
Tax revenue 0.49 0.50
Expenditure for welfare system 0.04 0.02
Budget surplus 0.45 0.48
Labor market flows
labor market tightness, ¢ 0.76 1.16
contact rate, workers, A, 0.26 0.32
contact rate, firms, s 0.35 0.28
average outflow rate from unemployment 0.16 0.21
job separation rates (p, + p;, j = h,l,w)
skilled 2% 2%
unskilled, high potential benefits, p, 5.0% 4.3%
unskilled, low potential benefits, p, 4.7% 3.5%
unskilled, potentially welfare, p, e 2.0% 3.2%

Note: Steady-state values of endogenous variables before and after German labor market reform simula-

tion.
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Table 3: Distribution of workers across types, before and after Hartz IV reforms

Before Reforms  unemployment
entitlements bh<h) bh<l) bl (h) bl (l) bwclfarc sum

skills

high-skill, robust 0 0 0 0 0 0
high-skill, fragile 10.8 0.6 2.8 0.2 0.1 14.6
low-skill 26.4 115 36.1 7.8 3.5 85.4
sum 372 122 389 8.0 3.6 100
After Reforms

skills

high-skill, robust 0 0 0 0
high-skill, fragile 13.6 0.9 4.0 18.5
low-skill 25.9 175 38.0 81.5
sum 39.5 18.4 42.0 100

Note: Fractions of unemployed workers in the different benefit and current skill categories, as given by
the ergodic steady-state distributions. Benefit levels bh(i) and bl(i) depend on skill type during last
employment.

employment. This is due to the much higher reservation threshold, for z, which lets these

workers accept less of the jobs they have contacted after job search.

5.2 After the reforms

Tables 2, 3 and 4 also show the corresponding results post reform. Table 2 shows that
unemployment drops from 10.8% to 8%. Note that this increase is effectively entirely
due to the reduced duration of earnings-dependent benefits, since the level of the initial
unemployment insurance benefit remained unchanged. Output increases by 3% to 1.68
from 1.63, due to higher employment and the higher average skill of the workforce. The
expenditures for the welfare system drop by (nearly) 50%, reflecting the lower number
of unemployed workers as well as the on average lower benefit expenditure per worker.
While job separation rates do not change by much, the outflow from unemployment
increases substantially from 0.16 to 0.21, due to the increase in labor market tightness.

This in turn explains why wages change so little for high-skilled workers. Higher job
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Table 4: Distribution of workers across types, before and after Hartz IV reforms

Before Reforms  employment
entitlements bh<h) bh(l) bl(h) bl(l) bwolfarc Ssum

skills

high-skill, robust 71.1 24 0.8 0.1 0.1 74.5
high-skill, fragile 0.3 0.9 0.3 0 0 1.5
low-skill 21 165 41 0.9 0.5 24.0
sum 73.5 198 52 1.0 0.6 100
After Reforms

skills

high-skill, robust  71.6 2.7 0.8 75.1
high-skill, fragile 0.3 1.0 0.3 1.5
low-skill 1.4 18.1 3.9 23.3
sum 73.2  21.7 5.0 100

Note: Fractions of employed workers in the different benefit and current skill categories, as given by
the ergodic steady-state distributions. Benefit levels bh(i) and bl(i) depend on skill type during last

employment.

acceptance probabilities by unemployed workers increase the job-filling probabilities of
firms, which in turn induces them to post vacancies. Through bargaining, the improved
outside option of workers raises their wages, offsetting the drop in expected benefit income
during unemployment.

The lower half of table 3 shows the new composition of the pool of unemployed workers.
While the skill distribution shifts modestly towards the high-skill types, there is a dramatic
shift of workers towards welfare. This effect is due to the higher transition rate from
unemployment insurance to welfare, since the intervening lower benefit has been removed.
It does not mean, however, that there is more long-term unemployment, since the outflow
rate from unemployment has increased. Correspondingly, and as the lower half of table
4 shows, the fraction of employed workers eligible for unemployment benefits drops from
over 99 to about 95 percent. This follows from the larger fraction of worker on welfare in
the pool of job searchers.

The flows between employment and unemployment change accordingly, and lead to

interesting changes in the composition of the labor force. The job acceptance probabilities
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for new jobs change and thus also the job destruction rates, to p; = 0.0428, p, = 0.0350,
and pyepre = 0.0318. Thus they are lower for low-skilled workers on high benefits, but
slightly higher for such workers with low benefits or welfare. This is due to the increase in
labor market tightness to # = 1.16. It raises outside options and thus pushes up wages in
all jobs, and therefore more than offsets the stimulating effect of lower benefits on the job
acceptance rates. This is mirrored in the separation probabilities. Interestingly, this does
not adversely affect the overall job creation rate, because at the same time, the job finding
probability of the unemployed rises to A, = 0.32, while that for job falls to Ay = 0.28.
This is due to the overall higher number of vacancies relative to unemployed workers, 6.
The implied average duration of unemployment for all workers falls to about five quarters.
Unemployment benefits (wages times replacement rate) fall to b, = 0.45, b, = 0.17, for
previously high and low skilled workers, respectively, and byeirare = 0.13 for the long-term
unemployed on the lowest welfare entitlement. At the same time, average wages for high-
skilled workers remain the same, to w;, = 0.74, and those for low-skilled workers fall to
w; = 0.28. One may have expected a pronounced drop in wages after a cut in replacement
rates and durations. Interestingly, higher job acceptance probabilities by unemployed
workers increase the job-filling probabilities of firms, which in turn induces them to post
more vacancies, as the rise in # indicates. Through bargaining, the improved outside
option of workers raises their wages to almost offset the drop in benefit entitlements.
The reforms to the unemployment offices may have improved match efficiency, but
the extent to which is difficult to predict theoretically. An early study that aimed at
empirically assessing the success of the reforms in this respect is Fahr and Sunde (2009),
who estimate an aggregate matching function using data on worker flows. They find that
the reform stages Hartz II and III may have improved match efficiency by between 5 and
10 percent. Using the latter value to increase the match efficiency parameter in our model
lowers the unemployment rate by an additional 0.65 percentage points. Thus the overall

effect of the reforms on the unemployment rate would be about 3.45 percentage points.

5.3 Transitional dynamics

The transitional dynamics of the economy after the change of the welfare system offers
some further insights. To initialize the state from which the transition begins, we merge
the masses of workers in the different unemployment benefits before the reforms into the
unemployment benefit after the reform, by skill. Figure 3 shows the adjustment of the
unemployment rate, in the aggregate and of its components. First of all, the transition

takes place relatively fast. The main impact of the reform to the benefit structure has
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taken place after about three years, even though the unemployment rate continues to fall
further in subsequent periods. Interestingly, the strongest reduction is in the number of
unskilled workers, which are those that had lost their skills already, and are thus most
likely to be long-term unemployed. Further investigation reveals that the fraction of the

low-skilled unemployed with high benefit levels drops particularly strongly.

Figure 3: Adjustment of German unemployment after the Hartz IV reforms
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Note: The figure shows the adjustment dynamics from the pre-reform steady state to the post-reform
steady state. Total unemployment: solid (black) line, of which low-skilled unemployment: dash-dotted
(red) line, and high-skill unemployment, dashed (green) line.

The model reveals a much larger degree of inertia than the standard search and match-
ing model. In simple versions of that model, one can proxy for cyclical changes by con-
ducting steady-state comparisons, due to the fact that labor market tightness and unem-
ployment instantaneously adjust.?’ In models with heterogeneity this need no longer be
true.?® For example, in our model, the accumulation of skills detaches workers somewhat

from movements in labor market tightness, breaking the tight link between their wages

25See Pissarides (2009) and Shimer (2005).
26The same may apply in the presence of on-the-job search. See Krause and Lubik (2010) for an
illustration.
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Figure 4: Evolution of low skilled unemployment, by benefit entitlement

and labor market conditions. This explains the protracted adjustment which stretches
over a number of years, rather than concluding within a quarter.

The aggregate adjustments hide the heterogeneity in the flows of workers according
to their skills and benefit entitlements. The probabilities of transiting between these
states varies across worker types. Figures 4 and 7?7 show the corresponding transitions
in the stocks of high- and low-skilled workers. Low skilled workers, who make up the
majority of the unemployed, are shown in Figure 4. The stock of low-skilled workers who
have high benefit entitlements drops. This is due to the reduction in the duration of the
entitlement, which forces them to transit to welfare after a year on average. The same
applies to workers who previously earned lower wages. At the same time, the number of
workers on welfare (Arbeitslosengeld IT) rises. But overall, the total unemployment rate
for low skilled workers drops, as was seen in Figure 3.

The evolution of high-skilled employment is less pronounced. Again, the number
of workers with high entitlement drops, due to the fact that they transit faster to the
welfare benefit. Similarly, high-skilled workers on low benefits falls, but only slightly.
Notably, the number of high-skilled workers on welfare benefits rises somewhat. This
is due to the increased fraction of high-skilled workers who have entered welfare before

finding a job, and workers of the same type who flow out of employment for exogenous
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Figure 5: Evolution of high skilled unemployment, by benefit entitlement

reasons. Again, the fact that the number of workers on welfare is higher after the reforms
is not necessarily a mistake in its design. The shorter duration of earnings-dependent
unemployment benefits creates incentives for job search and acceptance that raises the

overall employment rate and the quality of the workforce.

5.4 Shock responses

It is easy and instructive to calculate the response of the economy to various shocks. We
have examined two shocks in particular. One is a shock to the aggregate productivity level
a. It turns out that the response is largely a drop in output, without much interesting labor
market dynamics.?” We show the responses to that shock second. While that shock may
well explain the experience of Germany during the financial crisis, it begs the question why
other countries did not go through a similar experience. It is therefore more interesting
and informative to examine the response to a discount factor shock. Such a shock can
proxy a number of things. Literally it is a change in the time preference of households and
thus governs the saving motive. In our model the savings motive is mediated through the

interest rate into the incentives to invest in new jobs and thus ‘accumulate’ labor. But

2TThis is the familiar property search and matching models, where wage flexibility mitigates the re-
sponse of vacancy creation to shocks. See Hall (2005), Shimer (2005), and Costain and Reiter (2008).
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the shock can also stand for changes in credit conditions, e.g., increases in risk premia.
Finally, it may also reflect unmodelled changes in the expected long-run growth rate of

the economy, which affect the incentives to save and invest.

Figure 6: Impulse response to a discount factor shock

Unemployment rate
1 1 T T T

total
ol — — — high-skilled |7
----- low -skilled
ol —
8 - T T T T T s e )
B =
5 o 7
5
a S 7
| J
| J
| J
A J
0 ‘ ‘ ‘ ‘
0 1 2 ’ ) i

Note: The figure shows the adjustment dynamics after a dicount factor shock to the post-reform steady
state. Total unemployment: solid (black) line, of which low-skilled unemployment: dash-dotted (red)

line, and high-skill unemployment, dashed (green) line.

A transitory discount factor shock from g = 0.99 to § = 0.985 with persistence
ps = 0.9 induces a strong and persistent increase of the unemployment rate, to a maximum
of 9.92 percent. The intuition is that as firms discount the future more heavily, future
returns relative to the job creation cost drop, leading to a drop in vacancies posted and
thus flows of workers out of unemployment. Note the hump-shape in the adjustment,
which is not the property of the shock process, indicating the propagation mechanism
inherent in this heterogeneous agent model. It is also interesting that the unemployment
rate does not exhibit a large jump on impact. The corresponding drop in output is
almost 2.2 percent. If this shock indeed played a large role during the crisis, something
else must have happened alongside, in order to explain why there was so little movement
in unemployment. We therefore consider in the next section what happens when both

the transition to the new labor market steady state as well as policy responses are added.
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Figure 7: Impulse response to a productivity /revenue shock

Before doing so, we also conducted a counterfactual experiment, shocking the pre-
reform economy with the discount factor shock alone. Starting from the old steady state
unemployment rate of 10.8 percent, and the old system with long-lasting, earnings depen-
dent benefits in place, a shock to the discount factor raises the unemployment rate to a
peak of over 13 percent after about 2 years. This is an almost 20 percent increase in the
unemployment rate, even lower than the increase that would take place after the reforms,
which is about 24 percent. Thus in absolute terms the reforms have improved the ability
of the German labor market to withstand cyclical shocks, as the percentage point change
is larger before the reforms, but not in relative terms.

There are two ways to interpret a productivity shock. One is literally a direct stochastic
jump in the level of technology. The other is indirect. Changes in marginal revenue of a
job change the incentives produce with that job. If there is variable intensity in the use of
productive factors, a firm will want to vary this intensity. For workers, this can be hours
worked, but also labor effort. The vast drop in output and output per worker of German
firms certainly points at strong variations in these two margins, explaining the drop in
productivity. Here we interpret the shock as a revenue shock, including an endogenous
reaction of labor effort or hours. The drop in revenue however induces more jobs to be

destroyed.
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Revenue/productivity is assumed to drop by five percent, returning slowly to steady
state, with persistence p, = 0.9. It has almost no effect on the unemployment rate.
This is of course the implication of the familiar property of search and matching models
where flexible wages eat of a large part of the return to job creation, because a tighter
labor market improves workers’ outside options.?® But note nonetheless the hump shaped
adjustment of the unemployment rate showing again the internal propagation mechanism,
albeit weaker.

How to interpret this response?” Were the shock a pure productivity shock, a drop
in output of about 5 percent would have been induced solely by the change in produc-
tivity, without adjustment of hours or effort per worker. If instead this were a revenue
shock, the drop in productivity and thus output would have been brought about by the
endogenous decline of worker effort and/or hours, and one could speak of an intensive
margin of adjustment. In any case, we observe that the drop in output would be sharp, as
governed by the process for a. From this perspective, one can interpret the adjustments
in the German labor market as mainly driven by transitory changes in marginal revenue,
inducing firms to cut hours and effort per worker. Intertemporal trade-off would have

remained unaffected for Germany.

5.5 Transitions during the crisis

Our first scenario analysis is one where the economy is hit by a shock while the transition
after the reforms is still ongoing. Even though our model predicts that most of the
transition would have concluded before the recession began, it is still useful to understand
whether the reform transition could have potentially played a role for the German labor
market performance during the crisis. To give that story most potential, and to make the
effects most transparent, we subject the economy simultaneously to the reforms and to
the discount factor shock.?? Thus both transitions take place at the same time, and show
how the argument of Gartner and Merkl (2011) works out in the model.

The impulse response to the discount factor shock immediately after the introduction
of the reforms shows basically the same dynamics as the discount factor shock alone.
However, the increase in the unemployment rate is smaller, reaching at the peak 11.6

percent, an increase of only 0.8 percentage points over the pre-reform steady state. And

28See Hall (2005), Shimer (2005), and Costain and Reiter (2008). Whether rigid wages are the solution
to this puzzle is an unresolved issue. Part of the ongoing debate is whether the hires of new wages are or
need to be rigid to generate higher labor market volatilities. See Pissarides (2009) for a recent discussion
and a possible solution.

29Bearing in mind that the productivity shock has not much bite.
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Figure 8: Impulse response during transition and after discount factor shock
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Note: The figure shows the adjustment dynamics from pre-reform steady state with a simultaneous
discount factor shock. Total unemployment: solid (black) line, of which low-skilled unemployment: dash-
dotted (red) line, and high-skill unemployment, dashed (green) line.

the peak is already reached after a year. After five years the unemployment rate is still
one percentage point above the post-reform steady state. The reason for the protracted
adjustment is the large mass of low-skilled workers which are still enjoying high benefits
when the shock hits. Of course, a lower persistence of the shock, or the shock hitting when
a part of the transition has already concluded, would reduce the peak unemployment rate.
None of our simulations exhibit negligible responses of unemployment when the shock
hits during the transition. Nevertheless, there may in fact have been a contribution of
the reform to reducing the severity of the crisis in Germany. Since a large part of the
transitions may already have concluded before the crisis hit, we argue that it cannot be
the sole explanation. Subsidies to short-term work must have played an additional and

important role.
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5.6 The role of labor subsidies

We address the role of labor market subsidies indirectly. The data shows an adjustment
that involved only a weak reaction of employment, and a large reaction of productivity
and hours per worker. Absent policy, this could be explained solely by the revenue shock.
On the other hand, if policy has been actively supporting the labor market, we have
to assume what the adjustment would have been without policy. The remaining G7
countries, except the U.S., have experienced increases of unemployment between 2 and
2.5 percent, so the change in the discount factor that generates 2 percent may be of the
order of magnitude of the shock that has hit Germany. We aim to find the labor subsidy
that leaves the unemployment rate roughly constant.

After some experimentation, we find that a tax reduction of 75 percent for jobs that
would otherwise be destroyed, can reduce the impact of the discount factor shock to 0.80
percentage points. That is, the unemployment rate rises to only 8.8 percent, rather than
the almost 10 percent in the absence of this labor subsidy. The government’s net revenue
drop to 0.499, and the surplus to 0.47, leaving expenditure for the welfare state at 0.01.
Thus, compared to the steady state, revenue drops because of the reduction in tax rates
for jobs at risk of destruction, but also welfare expenditures drop. Overall, it seems
that a relatively moderate expense on subsidizing labor has a rather strong effect on the
unemployment rate. Compared to the revenue of 0.505, about 1.1 percent of revenue is

used to subsidize labor.

6 Conclusions

Our main findings can be summarized as follows. In a model that features skill heterogene-
ity and a stylized description of the German unemployment insurance system before and
after the Hartz reforms, the removal of essentially indefinitely paid earnings-dependent un-
employment benefits reduces the unemployment rate by 2.8 percentage points. In the new
system, the unemployed workers stop receiving earnings-dependent benefits after a little
more than a year, so most long-term unemployment is found among welfare recipients.
Overall employment and output are larger, and the average duration of unemployment
drops.?"

To examine the impact of the 2008 financial crisis, we calculated the impact of a shock
to the discount factor. By itself, it leads to large adjustments of the unemployment rate,

and thus seems a candidate for explaining a significant fraction of movements in employ-

30See Krebs and Scheffel (2010) for related findings concerning how the different worker types fare.
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ment. In contrast, a productivity or revenue shocks may lead to large output swings due
to adjustments in output per worker, but has only negligible effects on the unemployment

31 Since the adjustments after the reform were likely to have concluded before the

rate.
crisis hit, we believe that they are not the main factor that kept the unemployment rate
as stable as was observed in Germany. Instead, subsidies to jobs deliver a possibility to
reduce the impact of aggregate shocks on labor, at moderate costs.

A number of questions surely remain open. We have not documented the impact
on the welfare of workers due to various policies, nor have we attempted to solve for
optimal labor market policies (and they may be a bit too simplistic in this model, in any
case). More detail on modeling the implementation of short-term labor subsidies would be
intriguing, adding elements from, say, Nakajima’s (2011) analysis. Our workers only differ
in productivity: however, they may have been affected differently in the 2008 financial
crisis due to non-substitutability of their labor. An extension to more widely dispersed
productivities, or even with large firms, would certainly deliver additional and important
insights.?? Deeper thought should also be given to the response of the economy to shocks.
The transitions after the reforms and after shocks are likely to be influenced by real wage
rigidities, by lumpy hiring, training, and firing costs, and sticky prices, thus giving a role

to labor hoarding. We leave all this for future research.

31 Certainly, a model with nominal rigiditities and possibly financial frictions would have additional
effects on the joint dynamics of marginal revenue (via the markup) and movements in interest rates.
320ne could imagine that a model like Bachmann’s (2009) would be the right starting point.
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A Appendix

Further details
The benefits for workers previously with high skills on their last job are given by

e 2-7 . Zij o Vi dz
b1:¢h22%/z_ w(z’j’w#i(é)i,j)

=12 j

and

_ 6(37J) 73,3 . Ug(dZ)
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where ¢, is the replacement ratio. For the first benefit level, one needs to take account of
the different masses of workers who are in the two high-skill classes + = 1, 2 and the various
possible benefit entitlements (or flow outside options) j = 1,2, 3 which affect wages. For
the second benefit level, only the class ¢ = 3 for low skilled workers is relevant. Calculating
the unemployment benefits thus requires knowledge of the distribution of workers across
skills and benefit entitlements (while on the job), and of the conditional distribution of
wages across idiosyncratic productivities z.

To reflect the legal arrangement before the Hartz IV labor market reforms in Germany,
we introduce the second level of benefit, unemployment assistance. It is slightly lower and
paid after the first level has expired, but for a very long period. For previously high-skilled
workers, these levels are b3 = ¢, (b1/¢,,) and by = ¢, (ba/®},) , where ¢; < ¢,,. Finally, the
welfare benefit earned after income-dependent benefits have expired is b5. Below, this will
be defined either as a constant, or assumed to be a fraction of the lowest unemployment

benefit level, i.e.,
b5 = ¢ab47

where 0 < ¢, < 1 of low skill benefits, i.e., This formulation makes sure that across
simulations welfare entitlements are never larger than unemployment benefits.
Using the wage equation and the definition of the surplus, the wage can be brought

into a more familiar form:
w(i,j,z) = 7[1-=7)y— 1=V + 1 —-m)(1-B)V(,j)

_(1 - W)B ( Z Q(i,mj/a n,; Z»])V(Z,m],) - V(Zaj)>

il ol
7 ?J 7”

The wage is a weighted average of the flow product of the firm and the discounted outside
option of the firm, on the one hand, and the outside option of the worker, on the other.

The last term is the option value of employment, which has a negative effect on the current
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wage because of the associated chance of higher wages in the future should the worker

fall back into the unemployment pool.
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