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1. Introduction

The Great Recession has ended an era of macroeconomic stability and demonstrated that

recessions can be very costly. These developments have sparked an intensive debate among

policy makers and academic scholars about the type of government policy best suited to

reduce the economic costs of recessions. In general, there are two (not mutually exclusive)

approaches to this question of policy design. One approach focuses on active government

policy that reacts to business cycle conditions – macroeconomic stabilization policy. An

alternative approach is to consider government policies that do not respond to business cycle

conditions, but make the economy more resilient to adverse macroeconomic shocks – “good”

labor market institutions. There is a large economic literature that studies the former. In

contrast, there is surprisingly little formal work that analyzes how long-run policy choices

affect the cost of recessions. In this paper, we take a first step towards filling this gap in the

literature. Specifically, we analyze the effect of two labor market institutions, unemployment

insurance (UI) and job search assistance (JSA), on the welfare costs of recessions.1

Our analysis is based on a tractable incomplete-market model with job search. There is a

large number of long-lived, risk-averse workers with log-preferences who are either employed

or unemployed and have the opportunity to save in a risk-free asset in zero net supply. There

is an exogenous cost of financial intermediation that introduces a spread between the bor-

rowing rate and the lending rate. Unemployed workers receive unemployment benefits and

choose the level of search intensity, which is unobservable to the government and determines

the probability of a job offer. Unemployed workers also receive public job search assistance

affecting the efficiency of job search. The government finances spending on unemployment

insurance and job search assistance through a linear social security (labor income) tax. We

1Popular discussions of the cost of recessions often focus on the unemployment rate and the extent to
which it increases during recessions. A recent empirical literature has computed output losses associated
with the Great Recession by comparing actual output with trend/potential output (Ball, 2014, Hall, 2014,
and IMF, 2015). In contrast, in this paper we take a welfare-theoretic approach. In Section 5.5 we compare
our welfare-based results with the results obtained when aggregate output losses are used as proxy for welfare
losses.
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assume that unemployment benefit rates and tax rates do not vary with business cycle con-

ditions. In this sense, this paper deals with the choice of labor market institutions (cycle-

independent government policy) as opposed to the design of macroeconomic stabilization

policy (cycle-dependent government policy).2 Unemployment is associated with skill losses

making unemployment costly beyond the direct loss of wages/output due to non-work. Job

loss occurs for exogenous reasons and the exogenous job loss rate depends on business cycles

conditions – during a recession the job destruction rate increases. The aggregate produc-

tion function is linear in effective labor (hours times human capital) and labor markets are

competitive so that the wage per efficiency unit of labor is equal to its marginal product.

We use the model outlined above to make two substantive contributions to the literature.

First, we provide a theoretical analysis of the effect of UI and JSA on the welfare cost of

recessions, defined as the welfare gain of moving from an economy with recessions to an

economy without recessions.3 Our theoretical analysis shows that JSA reduces the welfare

costs of recessions and that UI increases the welfare costs of recessions if the incentive-effect

of UI is strong enough. The intuition for this result is as follows. Recessions are costly since

the probability of job loss (transition rate from employment to unemployment) increases

during a typical recession and job loss is costly. For given search effort, both JSA and UI

reduce the utility cost of job loss and therefore reduce the welfare cost of recessions. JSA

also increases search effort and the job finding rate, whereas UI reduces search effort and

job finding rates. In other words, the incentive effect works in the opposite direction for

JSA and UI. As we show in this paper, a positive incentive effect reduces the welfare cost of

recessions and a negative incentive effect increases the welfare cost of recessions. Thus, JSA

always reduces the welfare cost of recessions, but UI increases the welfare cost of recessions

2Note that during recessions the aggregate amount of unemployment benefit payments goes up since
unemployment benefit rates are constant and the number of unemployed workers rises. Thus, our approach
allows for the so-called automatic stabilizer, but rules out discretionary fiscal policy.

3This welfare cost of recessions is related to the welfare cost of business cycles as introduced by Lucas
(1987, 2003), but not the same. See Section 3.2 for a more detailed comparison of these two concepts.
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if the incentive effect is strong enough.4

Our second substantive contribution is to provide a quantitative analysis of the effect

of JSA and UI on the welfare cost of recessions. Specifically, we study the German labor

market reform of 2003-2005, the so-called Hartz reforms, which turned ”the sick man of

Europe” into a ”labor market miracle”. Two essential ingredients of these reforms were i) a

complete overhaul of the Public Employment Agency (Hartz III) dramatically improving the

quality of JSA and ii) a substantial reduction in UI for the long-term unemployed (Hartz IV).

As argued above, an important economic mechanism through which JSA and UI affect the

welfare cost of recessions is through its effect on job finding rates. There is strong empirical

evidence that, in line with the theoretical prediction, the Hartz III reform and the Hartz

IV reform led to a substantial increase in the non-cyclical component of the job finding

rate of unemployed workers. This empirical evidence in conjunction with the scale of the

German labor market reforms of 2003-2005 make them an ideal candidate for a quantitative

assessment of the theory we outline here.5

Our main quantitative findings can be summarized as follows. First, the welfare costs of

recessions in Germany are substantial: around one percent of lifetime consumption in our

baseline calibration.6 Second, according to our baseline calibration the effect of Hartz III and

4Note that there is general no simple relationship between the cost of job loss and the cost of recessions.
Specifically, in our model the welfare cost of recessions is equal to the utility gain from a reduction in the
probability of job loss, which is in general not the same as the cost of job loss. See our theoretical analysis
in Section 3.3 for details.

5In the US, labor market policy has often been adjusted in response to business cycle conditions, the
recent extension of unemployment benefit eligibility from 26 weeks to up to 99 weeks being a case in point.
However, after WWII the US has not witnessed any permanent changes in labor market policy comparable to
the Hartz reforms. Of course, most European countries introduced some type of labor market reform in the
last 20 years, but they were either much more limited in scope than the Hartz reforms or the implementation
was much more gradual.

6Compared to the US, the labor market impact of recessions in Germany is relatively mild – see Sections
4.6 and 4.7 for details. Thus, the welfare cost of recessions is expected to be much larger for the US and
other countries with strong cyclical fluctuations in labor market conditions. We further note that our results
are based on the assumption of modest degree of risk aversion (log utility) so that only a small part of the
cost of recessions is due to risk aversion – see Section 5.2.
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Hartz IV on the welfare cost of recessions in Germany is substantial: taken together the two

reforms reduced the cost of recessions by 20 percent from one percent of lifetime consump-

tion to 0.8 percent of lifetime consumption. Third, incentive-effects matter. Specifically, in

our baseline calibration we target an elasticity of job search with respect to unemployment

insurance that lies in the middle of the range of estimates of the empirical literature. Accord-

ing to this baseline calibration, the Hartz IV reform reduced the welfare cost of recessions

in Germany and both reforms taken together, Hartz III plus Hartz IV, lead to a substantial

reduction in the welfare cost of recessions. However, if we choose a very low target value for

this elasticity, the effect of the improvement in JSA (Hartz III reform) on the welfare cost

of recessions becomes moderate and the effect of the reduction of UI (Hartz IV reform) on

the welfare cost of recessions is negligible.

In addition to the substantive contributions, this paper also makes a methodological

contribution by developing a tractable incomplete-marketmodel with job search. Specifically,

we show that in equilibrium workers do not trade the risk-free asset if the cost of financial

intermediation (the spread between borrowing rate and lending rate) is large enough, and we

also derive an explicit formula for the minimum cost of financial intermediation necessary

to support the no-trade equilibrium.7 We make use of this result in both the theoretical

part and the quantitative part of the paper since in our analysis we focus equilibria in

which households do not trade the risk-free asset (do not self-insure). For the calibrated

model economy, the implied spread between borrowing rate and lending rate is about 2

percent, which is smaller than most observed interest rate spreads. Thus, the equilibrium

consumption allocation we study in this paper, which determines our welfare results, emerges

7The proof of this equilibrium characterization result is non-standard since the first-order conditions
associated with the worker maximization problem are in general not sufficient due to the non-concavity of
the objective function, a problem that is well-known in the literature on multi-period moral hazard problems
with (unobserved) asset trade. However, we show that in our model set-up first-order condition are indeed
sufficient, and we use this property of our model to prove that no-trade is an equilibrium with sufficiently
high cost of financial intermediation. Our proof heavily relies on three key assumptions: i) homothetic
preferences, ii) non-asset income that is proportional to human capital of workers, and iii) human capital
that evolves subject to shocks that are proportional to human capital (proportional skill depreciation during
unemployment).
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in an economic environment with realistic financial frictions.8

At this stage, two general comments are in order. First, in this paper we analyze the

effect of between labor market institutions on the welfare cost of recessions, but we do not

study optimal (welfare maximizing) labor market institutions. Clearly, the design of optimal

labor market institutions is an important issue that has been analyzed by a large literature.

We believe, however, that the study of the welfare cost of recessions, and its link to labor

market institutions, is also an important topic for at least two reasons. First, the cost

of recessions is an economic concept that motivates many policy debates and provides the

rationale for a wide range of policy choices. Further, in the wake of the Great Recession an

empirical literature has emerged that assesses the cost of the Great Recession by computing

output losses associated with the Great Recession. In a certain sense, this paper provides a

welfare-theoretic foundation of this literature and the related policy debate, and takes the

next step of analyzing possible determinants of the cost of recessions. Our second reason for

analyzing the welfare cost of recessions is that this cost can be interpreted as the potential

gains from macroeconomic stabilization policy. Adopting this interpretation, our analysis

points towards an interesting interaction between structural reform of the labor market and

macroeconomic stabilization policy. Specifically, our analysis suggests that countries that

have successfully reformed their labor markets need, ceteris paribus, less stabilization policy

(i.e. fiscal stimulus packages) than non-reforming countries with more rigid labor markets.

Our second general comment regards the model structure we employ. The model we de-

velop in this paper is tractable and focuses on one basic channel, namely how labor market

institutions affect search incentives of unemployed workers. This approach has the advan-

tage that we can conduct a transparent theoretical and quantitative analysis of the link

between labor market institutions and the cost of recessions. In addition, there is indepen-

dent evidence in support of the basic mechanism we emphasize in this paper. Specifically,

8Clearly, the model implication for asset holdings is at odds with the data for the sample of all households.
However, the empirical evidence suggests that a large fraction of households hold close to zero liquid wealth
( XXXXXX ). Further, for unemployed households, which are the focus of the current paper, the fraction of
households with close to zero liquid wealth is even larger (XXXXXX).
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the findings of a large empirical literature suggest that UI and JSA affect job finding rates

in the way implied by the model. Further, for the case of the German labor markets reforms

of 2003-2005, the available evidence shows that both the Hartz III reform and the Hartz IV

reform led to a large increase in the non-cyclical component of the job finding rate. Clearly,

there are many additional channels through which labor market institutions affect the cost

of recessions,9 and incorporating these additional channels into the analysis is an important

topic for future research.

Literature Our paper is related to several strands of the literature. First, it is closely

related to the large literature on the welfare cost of business cycles following the seminal

contribution of Lucas (1987, 2003). This literature has extensively studied to what extent

the introduction of uninsurable idiosyncratic risk increases the welfare cost of business cy-

cles. For example, Atkeson and Phelan (1994), Imrohoroglu (1989), and Krusell and Smith

(1999) analyze cyclical fluctuations in unemployment rates and unemployment duration and

Gomes, Greenwood, Rebelo (2001) introduce endogenous search effort. Krebs (2003) and

Storesletten, Telmer, and Yaron (2001) study cyclical variations in labor income risk more

generally and Beaudry and Pages (2001) and Krebs (2007) focus on the long-term earnings

losses associated with job displacement. The literature has also analyzed models in which

aggregate fluctuations affect the level of output or the growth rate of output (Barlevy, 2004,

den Haan and Sedlacek, 2013) and the effect of more general preference assumptions (Al-

varez and Jermann, 2004, and Tallarini, 2000). Our paper contributes to this vast literature

by taking the next step of analyzing how labor market institutions affect the welfare cost of

recessions (business cycles).

Our paper is also related to the literature on labor market institutions and unemploy-

ment. This literature has studied extensively the effect of various labor market institutions

9In standard search and matching models along the lines of Mortenson and Pissarides (1994) and Den
Haan, Ramey, and Watson (2000), the labor market reforms considered here would increase the steady state
job finding rate and reduce the volatility of the job destruction rate (see Costain and Reiter, 2008, and Kuhn
and Jung, 2012) thereby proving an additional channel through which labor market reform reduces the cost
of business cycles.
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on non-cyclical unemployment, but much less work has been done on the interaction between

labor market institutions and macro shocks. Blanchard and Wolfers (2002) provide a com-

prehensive empirical study of the issue and Ljungqvist and Sargent (1998,2008) use a search

model to argue that the rise of unemployment rate in many European countries observed

in the 1980s and 1990s can be explained by the interaction of a generous social insurance

(welfare) system with a rise in market turbulence. More recently, Bentolila et al. (2012)

and Jung and Kuhn (2012) use search and matching models to study to what extend labor

market institutions can explain the differences in worker flow volatilities between France and

Spain, respectively Germany and the US. Finally, there is recent work using New Keynesian

models with search and matching frictions in the labor market to discuss how labor market

institutions affect output volatility and the design of monetary policy. These contributions

have provided important insights into a number of issues. However, their focus has not been

on welfare analysis, and an analysis of the interaction between labor market institutions

reform and the welfare cost of recessions has so far been lacking.10

There is also a large literature that analyzes the optimal path of unemployment insurance

payments when search effort is unobservable (Hopenhayn and Nicolini, 1997, Pavoni, 2007,

and Shimer and Werning, 2007). Work in this literature does not impose any prior restric-

tions on the class of unemployment insurance systems beyond incentive-compatibility and

resource feasibility. In contrast, in the current paper we confine attention to a parametric

class of unemployment insurance systems and ask how parametric changes within this class

affect the welfare costs of business cycles. Extending our approach to the study of more

general unemployment insurance systems is an important topic for future research.11

10The New-Keynesian literature has so far relied on the complete-market (representative-household) as-
sumption, which makes the interpretation of welfare results somewhat strenuous (i.e. unemployed workers
are in general better of than employed workers). For a notable exception, see Christiano, Trabandt, and
W (2011), who provide a forceful critique of the standard New-Keynesian approach to unemployment and
develop a New-Keynesian model with involuntary unemployment.

11There is also a quantitative literature that analyzes optimal UI confining attention to parametric classes
of unemployment insurance systems (XXXX). It is straightforward to study optimal UI in this restricted
sense in our framework.
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Finally, our paper is related to the economic literature on the German labor market reform

of 2003-2005, the so-called Hartz reforms. There is a large empirical literature on this issue,

which is surveyed in Sections 5 and the Appendix. Structural studies of the Hartz reforms

based on macroeconomic search (and matching) models are surprisingly rare. Three notable

exceptions are Launov and Waelde (2013), Krause and Uhlig (2012), and Krebs and Scheffel

(2013), which are discussed in more detail in sections 5 and 6. Of these three contributions

the paper by Krebs and Scheffel (2013) is most closely related to the current paper in the

sense that they provide a welfare analysis of the Hartz reforms. However, Krebs and Scheffel

(2013) do not consider cyclical variations in labor market variables and therefore cannot

analyze the welfare cost of business cycles.

2. Model

This section develops the model and provides a convenient characterization of equilibrium.

The model combines the tractable incomplete-market model of Krebs (2007), which in turn

is based on Constantinides and Duffie (1996), with a job search model along the lines of

Hansen and Imrohoroglu (1992) and Ljungqvist and Sargent (1998, 2008).

2.1 Workers

Time is discrete and open ended. There is a unit mass of infinitely-lived workers. The

employment status of a worker in period t is denoted by st and can take on three values,

st ∈ {e, su, lu}, where e stands for employed, su for short-term unemployed, and lu for

long-term unemployed. Unemployed workers search for jobs and the job finding rate of

a worker of unemployment status s = su, lu depends on individual search effort, ls, an

efficiency parameter, xs, and the vector of unemployment rates U = (Usu, Ulu). We denote

the job finding rate of an unemployed worker by πe|s(ls, xs, U) with s = su (short-term

unemployed) and s = lu (long-term unemployed). We assume that for given U the job

finding rate πe|s(ls, xs, U) is an increasing and concave function in (ls, xs). For example, in

for our quantitative analysis we use the function πe|s(l, U) = xs ls U
η−1 with 0 < η < 1.

At the beginning of any unemployment spell, the household is short-term unemployed and
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then becomes long-term unemployed with probability πlu|su. Employed households become

unemployed with probability πsu|e(S), which we call the job destruction rate. The job finding

rate depends on business cycle conditions and we assume that the aggregate state S follows

a Markov process with stationary transition probabilities, which we denote by π(S ′|S). For

simplicity, we assume that there are only two aggregate states S = R,N , where S = R

denotes recession and S = N normal times. Note that the job destruction rate is independent

of effort, that is, there is no moral hazard problem during employment.

In this paper we consider two types of labor market institutions. The first labor market

institution is the Public Employment Agency that provides job search assistance (JSA)

and job placement services, which improves the job finding rates through its effect on the

efficiency parameters x = (xsu, xlu). The resource cost of providing JSA is paid by the

government and enters into the government budget constraint, which we define below. The

second labor market institution is the unemployment insurance system (UI) defined by the

benefit levels b = (bsu, blu), which enter into the government’s budget constraint and the

worker’s budget constraint (see below). Note that neither b nor x depend on business cycle

conditions S. We make this assumption in order to focus on labor market institutions, i.e.

labor market policies that do not respond to business cycle conditions.

Employed workers receive labor income (1 − τ )wht, where w is the wage per unit of

human capital and τ is a linear tax on labor income (social security tax). Unemployed

workers receive unemployment benefits b(st)ht with st = su, lu. For tractability reasons, we

assume that unemployment benefit payments depend on the current human level of human

capital. At the beginning of life, worker have no financial wealth but they can save at the

risk free rate rf,t and borrow at the rate rf,t + α, where α is an exogenous cost of financial

intermediation (the spread between lending rate, rft, and borrowing rate, rft + α). In

addition, we assume that for long-term unemployed workers a fraction ψ of financial assets

are confiscated, which represents the fact that unemployment benefits in many countries (for

example, Germany) are only paid out to long-term unemployed workers after most assets
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have been used (means-tested program).12 Thus, workers’ budget constraint reads

at+1 =





(1 + rf,t)at + (1 − τ )wht − ct if at+1 ≥ 0 and st = e
(1 + rf,t)at + b(su)ht − ct if at+1 ≥ 0 and st = su
ψ(1 + rf,t)at + b(lu)ht − ct if at+1 ≥ 0 and st = lu
(1 + rf,t + α)at + (1 − τ )wht − ct if at+1 < 0 and st = e
(1 + rf,t + α)at + b(st)ht − ct if at+1 < 0 and st = su, lu

ht+1 = (1 + ε(st+1))ht (1)

where at denotes financial asset holdings at the beginning of period t. The function ε defining

the law of motion of worker human capital, h, may depend on the individual state, s′, and this

dependence is used to introduce skill losses during unemployment. Note that the exogenous

process of human capital (skills) in conjunction with the wage rate define the labor income

process. Note also that each ct is a function mapping histories of individual shocks, st, and

aggregate shocks, St, into consumption choices ct(s
t, St). A similar comment applies to at+1

and ht+1.

Workers are risk-averse and have identical preferences that allow for a time-additive

expected utility representation. The one-period utility function depends on consumption,

search effort, and the employment status. We confine attention to utility functions that are

logarithmic over consumption: u(c, l, s) = ln c− d(l, s), where d is an increasing and strictly

convex function in l. Expected life-time utility (welfare) associated with a consumption-effort

plan, {ct, lt} for a worker with initial employment status s0 is given by

W ({ct, lt}) = E{lt}

[ ∞∑

t=0

βt (ln ct − d(lt, st)) |s0

]
(2)

where β is the pure discount factor of workers. Note that we use the notation E{lt}[.]

to indicate that the expectations in (2) is taken with respect to a joint distribution over

idiosyncratic and aggregate shocks that depends on the effort plan {lt} through its effect on

transition probabilities, π.

12In the US, most workers who are unemployed for more than one year, which is the OECD definition of
long-term unemployment we follow in this paper, are in general not eligible for unemployment payments,
but might be eligible for disability insurance or welfare payments, which are both means-tested programs.
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Workers choose a plan {ct, lt, at} so as to maximize (2) subject to (1), where a plan is

a sequences of (arbitrary) functions of the history of individual employment states and ag-

gregate productivity shocks: ct = ct(s
t, St), lt = lt(s

t, St), and at+1 = at(s
t, St). Aggregate

variables are denotes by upper case letters and are obtained from individual plans by taking

the expectations over individual histories and initial types conditional on the history of ag-

gregate shocks: Ct
.
= Et[ct] =

∫
h0

∑
st ct(s

t, h0)πt(s
t)dπ0(h0). This notation linking individual

plans to aggregate variables is used throughout the paper.13

2.2 Firms

There is a continuum of firms producing a single consumption good using labor as the only

input factor. A firm is defined by its productivity parameter that takes on two values, Z > 0

or 0. One firm is matched with one worker and a worker-firm match produces Zh or 0.

We assume that a firm with productivity 0 will have productivity 0 forever, and therefore

shuts down. Thus, the job destruction rate πu|e(S
′) introduced in section 2.1 is equal to

the probability that firm-level productivity moves from Z in period t to 0 in period t + 1.

The transitions rates πu|e(S
′) are exogenous. We assume that the matching of workers with

firms is random so that aggregate output produced in period t is equal to Ỹt = ZHt,e, where

Ht,e = E[ht|st = e] is the aggregate human capital stock of employed workers.14 The labor

market is competitive in the sense that the real wage per unit of human capital, w, is equal

to the marginal product of labor: w = Z.

2.3 Equilibrium

We assume that the risk-free asset available to households is in zero net supply. Thus, market

13This approach is common in the macroeconomic literature. The usual caveat applies if we want to
interpret the result of this “aggregation process” as the average value of (integration over) a continuum of
random variables (Uhlig, Feldman).

14See also Acemoglu (2009), chapter XXXXX , for a similar model of random matching of firms with
workers of different skill-type.
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clearing in the (domestic) asset market reads:

At = 0 (3)

Denote by A−
t the total debt of workers and A+

t the total asset holdings of workers. Note

that A−
t = A+

t because of (3). We define output net of the cost of financial intermediation

as Yt = Ỹt −A−
t .

We next turn to the government budget constraint. Any government choice of labor

market institutions (b, x, τ ) induces a stochastic process of government spending, {Gt}, and

government revenues, {Tt}, where Gt and Tt are defined as

Gt
.
= [bsu + λsu(xsu)]Ht,su + [blu + λlu(xlu)]Ht,lu (4)

Tt
.
= τwHt,e

The first term in the definition of G is government spending on short-term unemployed

workers (unemployment benefits plus jobs search assistance) and the second term is spending

on long-term unemployed workers. The functions λs measure the resource cost of providing

job search assistance of quality xs. We assume that λs is an increasing and convex function

for s = su, lu.

We require government policies (b, x, τ ) to satisfy a balanced-budget constraint on aver-

age:

lim
t→∞

E
[
Gt − Tt

Yt
|U0,H0, S0

]
= 0 (5)

where the expectation in (5) indicates that we average over histories of aggregate states St:

E[Gt] =
∑

St Gt(S
t)πt(S

t) and E[Tt] =
∑

St Tt(S
t)πt(S

t) conditional on the initial aggregate

state (U0,H0, S0). In equation (5) we use the deficit-to-output ratio, instead of the deficit,

in order to avoid technical issues that arise when taking the limit for sequences of random

variables that grow in expectations. Note that we cannot simply normalize the long-run

growth rate to zero, as is often done in the business cycle literature, since the long-run

equilibrium growth rate of the economy is endogenous (see equation (13)) and depends on

labor market institutions (b, x). Note also that equation (5) assumes that the government
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can borrow and lend in international capital markets, and that it uses this ability to smooth

aggregate consumption/output over time and across aggregate shocks S (recall that domestic

households are in the aggregate neither borrowing nor lending, that is, equation (3) holds).15

The government budget constraint (5) only holds in expected value terms, but not in

each period. We use this approach in order to focus on labor market policies that do no

respond to the business cycle, that is, labor market institutions (b, x, τ ). This approach,

however, has one disadvantage: the process of government spending and taxes, {Gt, Tt}, and

the implied process of government debt {Dt}, may not satisfy the no-Ponzi-scheme condition

and may not imply a bounded debt-to-output ratio. See, for example, Bohn (1995) for a

general discussion of this issue. However, we show in Appendix D that for any fiscal policy

{Gt, Tt} induced by a labor market institution (b, x, τ ) there is a fiscal policy {G′
t, T

′
t} with

bounded government debt process that generates the same equilibrium effort choice, and for

which equilibrium welfare is arbitrarily close to equilibrium welfare in the original economy.

This new fiscal policy {G′
t, T

′
t} is defined by the labor market institution (b, x, τ ) plus a

consumption tax/subsidy that is only non-zero when government debt is very high. In this

sense imposing only (5) is without loss of generality.

Given the concepts introduced so far, our definition of sequential equilibrium and feasi-

bility of government policy are standard:

Definition For given government policy (b, x, τ, ), a sequential equilibrium is a wage rate w,

a sequence of interest rates, {rt}, and a worker plan, {ct, at, lt}, so that

i) for given wage rate w and sequence of interest rates {rf,t}, the individual plan {ct, at, lt}
maximizes expected lifetime utility (2) subject to (1).

ii) Market clearing condition (3) holds in each period t.

15An alternative assumption is that there is one additional domestic household, a capitalist, who is more
patient than workers, an assumption often made in the literature. See, for example, XXX for a review of
New-Keynesian models that make use of this construct.
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A budget feasible government policy is a policy (b, x, τ ) satisfying the government budget

constraint (5).

The household budget constraint (1) in conjunction with the asset market clearing con-

dition (3) and the government budget constraint (5) imply the aggregate resource constraint

(goods market clearing condition)

lim
t→∞

∑

s

E
[
Ct,s

Yt
|U0,H0, S0

]
+ lim

t→∞

∑

s=su,lu

E
[
Λt,s

Yt
|U0,H0, S0

]
= 1 (6)

where Ct,s is aggregate consumption of workers of type s = su, lu, e and Λt,s = E[λs(xt,s)]

is aggregate spending on job search assistance for unemployed of type s = su, lu. Note that

the aggregate resource constraint (6) only holds in expectation, where the expectation is

taken over all histories St. This has to be the case since the government budget constraint

(5) only holds in expectations.

2.4 Equlibrium Characterization

We show below that (U,S) is the relevant aggregate state variable for formulating the

worker’s problem in a recursive manner. Anticipating this result, we can write the worker’s

maximization problem as

Vs(a, h, U, S) = maxc,l,a′



ln c− ds(l) + β

∑

s′ ,S′
Vs′(a

′, h′, S′, U ′)πs′|s(l, U, S
′)π(S ′|S)





s.t. (a′, c) ∈ Γs(a, h, U)

h′ = (1 + εs′)h

U ′ = Φ(U,S, S ′) (7)

where Γ is the correspondence defined by the individual budget set (1) and Φ is the (en-

dogenous) equilibrium law of motion for the unemployment rate U . Note that the effort

choice l is only relevant for the transition probability πs′|s(l, U, S
′) if s = su, lu and that the

aggregate state S only affects this transition probability if s = e.

In the Appendix we show that under certain conditions there is an equilibrium in which

workers choose asset holdings at = 0 and consumption ct = φ(st)ht for all histories (for all
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states), where we define φ(e) = (1 − τ )w and φ(s) = b(s) for s = su, lu. In other words,

there is no trade in financial assets and consumption equals income (after-tax earnings or

unemployment benefits). The value function of workers in equilibrium at at = 0 is given by

Vs(0, h, U, S) = vs(U,S) +
1

1 − β
ln h (8)

where v together with the optimal effort choice are the solution to the intensive-form Bellman

equation

vs(U,S) = maxl



lnφs − ds(l) +

β

1 − β

∑

s′ ,S′
ln(1 + εs′)πs′|s(l, U, S

′)

+β
∑

s′,S′
vs′(U

′, S′)πs′|s(l, U, S
′)



 (9)

U ′ = Φ(U,S, S ′)

with the endogenous law of motion of the unemployment rate, Φ, given by

U ′
s′ =

∑

s=su,lu

πs′|s(ls(S,U), U)Us + πsu|e(S
′)(1 − Usu − Ulu) (10)

The solution to equations (9) and (10) defines the equilibrium effort choice of workers. We

further have at = 0 and ct = φ(st)ht with ht+1 = (1+ε(st+1))ht in equilibrium, which implies

that the solution to (9) and (10) also defines the equilibrium plan {ct, at, lt} of workers.

Equations (9) and (10) determine the equilibrium effort choice of workers and the equilib-

rium evolution of the unemployment rate for given government policy (b, x, τ ). Government

policies have to be feasible, that is they have to satisfy the budget constraint (5). For the

recursive equilibria considered here, equation (5) can be rewritten in a more convenient way.

To do this, define the human capital share of workers of type s in period t by Ωt,s = Ht,s/Ht.

In the Appendix, we show that the equilibrium law of motion for Ω is

Ω′
s′ =

∑
s(1 + εs′)πs′|s(l(U,S), U, S ′)Ωs∑

s,s′(1 + εs′)πs′|s(l(U,S), U, S ′)Ωs
(11)

The equilibrium law of motion (11) in conjunction with the stationary Markov process over

aggregate shocks S define a Markov process with stationary transition function, for which
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a stationary distribution exists under very weak assumptions. Let Ω∗ stand for the mean

of Ω computed using this stationary distribution: Ω∗ =
∫
U,Ω Ωdπ∗(U,Ω). Under additional

assumptions, we have limt→∞ E[Ωt|U0,Ω0, S0] = Ω∗ (see Stokey and Lucas, 1989), and the

government budget constraint (5) is therefore satisfied if and only if the following budget

constraint holds:

[bsu + λsu(xsu)] Ω
∗
su + [blu + λlu(xlu)] Ω

∗
lu = τwΩ∗

e (12)

Proposition 1. Suppose that the cost of financial intermediation α is greater or equal

to αmin given in (A2). Then the solution to (9)-(10) defines a recursive equilibrium and

equations (11)-(12) define budget-feasible labor market institutions (b, x, τ ).

Proof : Appendix.

Proposition 1 simplifies our analysis for two reasons. First, it reduces the problem of

solving the Bellman equation (7) to the much simpler problem of solving the intensive-form

Bellman equation (9). Note that in (7) the individual worker makes a consumption-saving

choice and an effort choice, whereas in (9) the worker only makes an effort choice. Second,

it shows that workers do not trade the risk-free asset in equilibrium so that the infinite-

dimensional wealth distribution is not a relevant state variable. Indeed, proposition 1 shows

that the relevant endogenous state variable is (U,Ω, a four-dimensional object in our case

(recall that Ω = (Ωsu,Ωlu,Ωe) with Ωsu + Ωlu + Ωe = 1 and U = (Usu, Ulu). Note that Ω

does not enter into the household decision problem (9)-(10) and in this sense the problem is

further simplified. Specifically, in our quantitative application we first solve the household

maximization problem (9) and (10) for given tax rate τ , and then vary τ until the government

budget constraint (11)-(12) is satisfied.

Proposition 1 only requires as to find the equilibrium values of aggregate variables, (U,Ω),

that are always bounded and the solution to a recursive equation, a property that is essential

for the computation of equilibria. In contrast, aggregate equilibrium output is in general

not bounded, not even in expected value terms. To see this, note that aggregate equilibrium

output is Yt = ZHt,e, where aggregate human capital, Ht = (Ht,e,Ht,su,Ht,lu), evolves
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according to

Ht+1,s′ =
∑

s

(1 + εs′)πs′|s(ls(St, Ut), Ut, St+1)Hts . (13)

Note that equation (13) determines the endogenous equilibrium gowth rate of the economy.

3. Theoretical Analysis

We now turn to the analysis of the interaction between labor market institutions and the

welfare cost of recessions. In section 3.1 we define the welfare cost of recessions. Section

3.2 discusses the relationship between the welfare cost of recessions and the welfare cost of

business cycles. In Section 3.3 we provide a theoretical analysis of the effect of labor market

institutions on the welfare cost of recessions.

3.1 Welfare Cost of Recessions: Definition

We define the welfare cost of recessions as the gain in social welfare that accrues when

recessions are eliminated. More precisely, we consider a thought experiment in which we

move from an economy with recessions, in which job destruction rates πsu,e(S
′) depend on

business cycle conditions S ′, to an economy without recessions and a job destruction rate π̂su|e

that is independent of S ′. The job destruction rate in the new economy without recessions

is equal to the job destruction rate that prevails in normal times π̂su|e = πsu|e(N). Thus,

in the thought experiment we assume that we remove recessions without affecting the labor

market in normal (or boom) times. We also assume that skill depreciation and job finding

function, which do not depend on macroeconomic shocks S, remain the same. In sum, we

assume:

π̂su|e = πsu|e(N) (14)

π̂e|s(l, U) = πe|s(l, U) s = su, lu

ε̂s′ = εs′

Equation (14) shows how the elimination of recessions affects the job destruction rate and

proposition 1 provides an algorithm to compute equilibria before and after the elimination
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of recessions. Let ∆ stand for the welfare cost of recessions, that is, the difference, expressed

in lifetime consumption units, between social welfare in the economy without recessions and

social welfare in the economy with recessions. More precisely, we define the welfare cost of

recessions as the number ∆ solving

∑

s0

∫

h0

W ({ct, lt}|h0, s0, S0, U0)dµ(s0, h0) =
∑

s0

∫

h0

W ({(1 + ∆)ĉt, l̂t}|h0, s0, S0, U0)dµ(s0, h0)

(15)

where µ(s0, h0) is welfare weight the social planner assigns to workers of initial type (s0, h0),

{ct, lt} is the equilibrium allocation in the economy with recessions, and {ĉt, l̂t} is the equi-

librium allocation in the economy without recessions. Note that for the general analysis

we do not need to impose the normalization
∫
dµ(s0, h0) = 1, that is, we only need to as-

sume that µ is a measure, but not necessarily a probability measure. Note also that for

the standard case of a utilitarian social welfare function we have µsu = Usu, µlu = Ulu, and

µe = 1 − Usu − Ulu. Finally, note that in (15) we condition on the initial aggregate state

(S0, U0). Thus, we compare two economies with the same initial state, and in this sense we

take into account the transition path.

From proposition 1 we know that the equilibrium value function has the functional form

Vs0(h0, U0, S0) = vs0(U0, S0) + 1/(1 − β) lnh0. Using this representation, we find that the

welfare cost of recessions (15) is given by the following expression:

ln(1 + ∆(U0, S0)) = (1 − β) [v̂su(U0, S0) − vsu(U0, S0)]µsu + (1 − β) [v̂lu(U0, S0) − vlu(U0, S0)]µlu

+(1 − β) [v̂e(U0, S0) − ve(U0, S0)]µe (16)

Equation (16) shows that the welfare cost of recessions is independent of the initial distribu-

tion of human capital, a result that is a direct consequence of our assumption of homothetic

preferences and skill shocks (depreciation rates during unemployment) that are proportional

to the stock of human capital. It depends, however, on the aggregate state (U0, S0) that

prevails when recessions are eliminated (the initial state) and the social welfare weights µ.

Most importantly, the welfare costs of recessions, ∆, depend on labor market institutions,

(b, x), a dependence that we have suppressed so far for notational ease.
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Recent empirical contributions have computed the output cost of the Great Recession in

the US (Hall, 2014) and other countries (Ball, 2014, and IMF, 2015). In this work, a trend

path of aggregate output is constructed and then actual output after the Great Recession

is compared to aggregate trend output, that is, actual output of the economy is compared

to output in a hypothetical economy that never experienced a Great Recession. There are

three differences between our approach and the approach taken in this literature. First

and foremost, we use a model-based approach and focus on welfare, whereas the work by

Ball (2014), Hall (2014) and IMF (2015) is empirical and computes output losses. Second,

we compute the cost of all recessions, not the cost of one particular recession. Finally, we

also consider the distribution of losses across household types (short-term unemployed, long-

term unemployed, and employed). In Section 5.5 we compare the results we obain using our

welfare-based approach to the cost of recessions with the results that are obtained when an

output-based measure of the cost of recessions is used.16

3.2 Welfare Cost of Business Cycles

In this section, we discuss the relationship between the welfare cost of recessions as defined in

(15) and the welfare cost of business cycles as defined by Lucas (1987, 2003) for representa-

tive household economies and extended to economies with uninsurable idiosyncratic risk by,

among others, Krebs (2003, 2007), Krusell and Smith (1999), and Krusell et al. (2009). In

both cases, the formula (15) is used to compute the welfare cost of moving from one economy

to another economy and S-dependent job destruction rates are replaced by S-independent

job destruction rates. However, the approaches differ in the way they eliminate aggregate

fluctuations. To compare the two approaches, it is useful to replace (14) by the general

formula

π̂s′|e =
∑

S

πs′ |e(S)ρ(S|e) (17)

16There is also an empirical micro-literature that compares the earnings losses of workers displaced during
normal times with the earnings losses of workers displaced during recessions (Jacobson et al. 1983 and Davis
and van Wachter, 2009).
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ε̂s′ =
∑

S′
εs′(S

′)ρ(S ′)

where ρ(S ′) is a general weighting distribution.

Krebs (2003, 2007) and Krusell and Smith (1999), and Krusell et al. (2009) use a weight-

ing distribution ρ(S ′) = π(S ′|e), where π(S ′|e) = π(e, S ′)/π(e) is the probability that the

aggregate state S ′ occurs (conditional on s′ = e) in the economy with business cycles. Put

differently, business cycles are eliminated in a symmetric way so that the S ′-dependent job

destruction rates are replaced by a constant job destruction rate with the same mean. In

contrast, in this paper our focus in on the welfare cost of recessions and we choose ρ(R) = 0

and ρ(N) = 1. In other words, business cycles are eliminated in an asymmetric fashion

so that the S ′-dependent job destruction rates are replaced by a constant job destruction

rate with a lower mean. Note that our theoretical analysis (proposition 2) is valid for any

weighting ρ for which ρ(N) > π(N |e), that is, any weighting scheme that puts slightly more

weight on normal times than the fully symmetric weighting scheme.17

3.3 Labor Market Institutions and Welfare Cost of Recessions

We next turn to the theoretical analysis of the link between labor market institutions and the

welfare cost of recessions, which we base on a simplified version of the model. Suppose that

the job finding rate does not depend on the unemployment rate: πe|s(l) is independent of U

for s = su, lu. In this case, U is not a relevant state variable – equilibrium effort choice and

17It is common to interpret the welfare cost of business cycles as the potential gains from stabilization policy
(Lucas 1987, 2003). There are at least three reasons why stabilization policy could affect the business cycle
asymmetricly. First, Auerbach and Gorodnichenko (2012) provide empirical evidence that fiscal multipliers
are substantially larger in recessions than in booms. If output and job destruction rates are positively
correlated, then this finding implies that stabilization policy has an asymmetric effect on the labor market
and can change the average job destruction rate. In line with this empirical finding, Gali, Gertler, and
Lopez-Salido (2007) show that in a simple New-Keynesian model efficiency losses due to mis-pricing during
a recession are not offset by the efficiency gains in a boom. Second, Beaudry and Pages (2001) provide a
theoretical argument that implicit contracts lead to an asymmetric response of the labor market, though
they focus on the earnings losses of displaced workers. Third, papers by Further, Hairault, Lagot, and
Osotimehim (2010) and Jung and Kuester (2011) have shown that in standard search and matching models
a mean-preserving reduction in the volatility of aggregate productivity shocks reduces the mean of the
unemployment rate.

20



intensive-form value function only depend on s and S. Assume further that the aggregate

productivity process is i.i.d, π(S ′|S) = π(S ′). In this case, equilibrium effort choice and

intensive-form value function are independent of the aggregate shock S. Finally, assume for

notational simplicity that there is only one unemployment state, s = u, e. Equation (9) then

simplifies to

vu = max
l



ln b − d(l) +

β

1 − β

∑

s′=u,e

ln(1 + εs′)πs′|u(l;x) + β
∑

s′=u,e

vs′ πs′|u(l;x)





ve =



ln(1 − τ )w +

β

1 − β

∑

s′=u,e

ln(1 + εs′) π̄u|e + β
∑

s′=u,e

vs′ π̄u|e



 , (18)

where π̄u|e =
∑

S′ πs′|e(S
′)π(S ′) is the average job destruction rate. Thus, the equilibrium

effort choice, l, and the value function coefficients, vs, are independent of U and S and

only depend on the mean value of the job destruction rate, π̄u|e =
∑

S πu|e(S)π(S), i.e.

independent of the volatility of the job destruction rate. In other words, the equilibrium

conditions for the economy with aggregate shocks and job destruction rates πu|e(S) are

isomorphic to the equilibrium conditions for an economy without aggregate shocks and job

destruction rate π̄u|e.
18

For the subsequent theoretical analysis we use equation (18) determining the equilibrium

values of (ve, vu) without imposing the government budget constraint (12). In other words,

we keep the tax rate, τ , unchanged when we compute the cost of recessions, ∆, and when

we analyze the effect of changes in labor market institutions, (b, x), on the cost of recessions.

Note that (18) is the Bellman equation associated with the problem of a worker choosing

optimal search effort l in an environment without aggregate shocks S. Note also that the

welfare cost of recessions (16) now simplifies to

ln(1 + ∆) = (1 − β) [v̂u − vu]µu + (1 − β) [v̂e − ve]µe (19)

18In this case the welfare cost of business cyclkes is nil if business cycles are eliminated according to
(17) with ρ(S′) = π(S′|e). In other words, in this case variations in job destrcutions rates have no welfare
consequences. See also krebs (2007) for a general discussion of conditions under which such type of neutrality
results hold.
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where vu and ve are the solutions to (18) when the job destruction rate is πu|e =
∑

S πu|e(S)π(S)

and v̂u and v̂e are the solutions to (18) when the job destruction rate is π̂u|e = πu|e(N).

Changes in labor market institutions (b, x) induce changes in the equilibrium values of

(ve, vu). In this way we define functions ve = ve(b, x) and vu = vu(b, x), and therefore also a

function ∆ = ∆(b, x) using the implicit function theorem. The function ∆(b, x) encodes the

information about the effects of labor market institutions on the welfare costs of recessions.

Specifically, we are interested in the sign of the derivatives ∂∆
∂b

and ∂∆
∂x

. We have the following

result:

Proposition 2. Suppose the economy is as described in this section. Suppose further that

the social planner assigns no weight to employed workers, µe = 0, and that the job finding

function is linear in effort: πe|u(l, x) = g(x)l. Assume further that βπe|u > 1 − β + βπ̄e|u.
19

Then the following holds.

i) Job search assistance (JSA) reduces the welfare costs of recessions:

∂∆

∂x
< 0

ii) Unemployment insurance (UI) increases the welfare cost of recessions

∂∆

∂b
> 0

if the incentive-effect, ∂l
∂b

, is large.

To provide the intuition behind proposition 2, let us parameterize the job destruction

rate by π̄u|e − q, where π̄u|e =
∑

S πu|e(S)π(S) is the mean job destruction rate and q ∈
[0, π̄u|e − π(N)]. Note that an increase in q reduces the job destruction rate and that the

job destruction rate is equal to πu|e(N) for the maximal value of q. Clearly, equation (17)

19Note that for standard calibrations the job finding rate, πe|u, is much larger than the job destruction
rate, π̄e|u, and the discount factor, β, is close to one. This means that the condition βπe|u > 1 − β + βπ̄e|u
is usually satisfied. This is also the case for the calibrated model economy analyzed in Section 5.
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defines functions vu = vu(b, x, q) and ve = ve(b, x, q). Define the social welfare function

SW (b, x, q)
.
= vu(b, x, q)µu + ve(b, x, q)µe (20)

It is straightforward to see that

∂∆

∂b
> 0 if

∂2SW

∂b∂q
> 0 (21)

∂∆

∂x
< 0 if

∂2SW

∂x∂q
< 0

for all q ∈ [0, π̄u|e−π(N)]. Thus, the effect of labor market institutions on the welfare cost of

recessions is determined by the second-order derivatives of the function SW = SW (b, x, q).

The proof of proposition 2 computes these derivatives for µe = 0.

Equation (21) clarifies the difference between our approach, which analyzes the effect of

labor market institutions on the welfare cost of recessions, and previous work that studied

optimal labor market institutions. Specifically, the effect of labor market institutions on the

welfare cost of recessions is determined by the second-order cross-derivatives of the social

welfare function, ∂2SW
∂b∂q

and ∂2SW
∂x∂q

, whereas optimal labor market institutions are determined

by the first-order condition ∂SW
∂b

= 0 and ∂SW
∂x

= 0. In general, there is no simple relationship

between the two.

4. Calibration

In this section, we discuss the model version used for the quantitative analysis and calibrate

the model economy. Our calibration approach broadly follows Krebs and Scheffel (2013).

In particular, the model economy matches some of the key features of the German unem-

ployment insurance system before the reform and the unemployment benefit elasticity of

individual job finding rates (search intensity). Further, we require the model economy to

match the average values of a number of macro variables, where we take the average over

the pre-reform years 2000-2004. We use a relatively short time period because the German

unemployment rate has shown a steady upward trend until the beginning of the 2000s – see
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figure 1.20

FIGURE 1 HERE

4.1 Model Specification

The basic model period is one quarter. We continue to assume a two-state aggregate shock

process S ∈ {R,N}, where R stands for recession (high job destruction rate) and N for

normal times (normal rate of job destruction). We denote skill depreciation of the short-

term unemployed and long-term unemployed by εsu = δh,su and εlu = δh,lu, respectively. For

the baseline calibration, we assume δh,su = δh,lu. We use the standard OECD convention

and define long-term unemployment as any unemployment spell that lasts longer than 12

months. Thus, we choose the probability πlu|su of transiting from su to lu equal to 0.25.

4.2 Search Technology

For the job search technology we assume a linear function in search effort:

πe|su(l, U) = xsu lsu (Usu + Ulu)
η−1 (22)

πe|lu(l, U) = xlu llu (Usu + Ulu)
η−1

,

where l = (lsu, llu) and U = (Usu, Ulu). This functional form for the job finding rate is in line

with the matching function approach to the labor market assuming constant vacancy rates

and an elasticity of job matching with respect to the unemployment rate that is equal to

η. See Petrongolo and Pissarides (2001), who survey the relevant theoretical literature and

discuss the empirical studies estimating η.21 For Germany, Burda and Wyplosz (1994) find

a value of η = 0.68 and we use this value for our baseline calibration.

We choose the values of xsu and xlu so that the corresponding job finding probabilities

20We also used an alternative method by applying the HP-filter to the data in the period until 2005, and
then to take the value of the long-run trend in year 2002. Both methods yield almost identical results and
we therefore report only the results using the first method.

21Petrongolo and Pissarides (2001) suggest that U × L instead of U should enter the matching function,
where L is the average search effort chosen by unemployed workers.

24



match the observed average transition rates in the period 2000-2004 for the short-term

unemployed and long-term unemployed, respectively. The values for the quarterly transition

probabilities are πe|lu = .06 and πe|su = .24 according to the data provided by the Federal

Employment Agency (Bundesagentur fuer Arbeit), which yields xsu = 0.1275 and xlu =

0.0715.

We also allow for transitions from long-term unemployment to short-term unemployment.

We choose the transition probability πsu|lu to match a given fraction of long-term unemployed

in the unemployment pool. According to the OECD statistics, the share of long-term un-

employment was 50 percent for the period 2000-2004, a value we match if πsu|lu = 0.190.

4.3 Search Preferences

We assume that dis-utility of search is

ds(l) = d0 l
γ − d1,s (23)

It is well-known that with the above specification the parameters xsu, xlu and d0 are not

separately identified. We therefore choose a numerically convenient normalization of d0 = 1.

We choose de, d1,su and d1,lu so that the value of the disultility term d in equilibrium is

the same for employed workers, short-term unemployed workers, and long-term unemployed

workers. Thus, differences between the value of employed workers and unemployed workers

derive solely from the difference in consumption pathes. We choose the curvature parameter

γ to match a given value of the elasticity of the job finding rate with respect to benefits

payments for the short-term unemployed, where we choose as target the micro elasticity

holding constant the labor market state U . This target elasticity is chosen as follows.

For the US, there are a number of empirical micro studies estimating the search elasticity

directly. The best known studies are Moffitt (1985) and Meyer (1990) who estimate an

elasticity of around −0.9. Krueger and Meyer (2002) survey the literature and suggest an

elasticity of −1. There is much less work on this issue for Germany, but Hunt (1995) finds

estimates for Germany that are similar to the US results. Consistent with this finding are the
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results reported in Hofmann (2012) and Mueller and Steiner (2008), who find that imposing

benefit sanctions on long-term unemployed for non-compliance has significant effects on

the unemployment-to-employment transition in Germany. Addison, Centeno and Portugal

(2008) use a structural search model and the European Community Household Panel (ECHP)

to estimate the elasticity for several European countries, and they find values ranging from

-1.14 to -1.66 for Germany. Almost all empirical studies deal with unemployed workers who

are short-term unemployed according to our definition (less than one year of unemployment).

In our baseline calibration, we choose a target elasticity of −1 for the short-term unemployed,

which is in line with Krebs and Scheffel (2013).

Our calibration implies an elasticity of unemployment duration with respect to unem-

ployment benefits for the long-term unemployed of −1.2, which is somewhat higher than the

corresponding elasticity for the short-term unemployed. We are not aware of any study that

estimates this elasticity separately for the short-term and long-term unemployed. However,

work by Chetty (2008) shows that the effect of unemployment benefits on unemployment

duration is much stronger for low-wealth individuals, an effect he calls the liquidity effect

based on the assumption that low-wealth individuals are liquidity constrained. In the data

and in our model the long-term unemployed are the low-wealth individuals. Indeed, in

Germany unemployment insurance for the long-term unemployed (Unemployment Benefits

II) is means-tested with very low levels of permissable asset holdings. The estimates re-

ported in Chetty (2008) suggest that the elasticity of the long-term unemployed (low-wealth

unemployed) is substantially larger than the search elasticity of the short-term unemployed.

One general concern with our calibration approach is that macro elasticities could be

different from micro elasticities. For example, Landais, Michaillat, and Saez (2010) have

argued that labor demand externalities generate a macro elasticity that is smaller than the

corresponding micro elasticity. Several papers have tried to estimate this labor-demand

externality, but the empirical literature has not reached a consensus. For example, Blundell

et al. (2004) find no spillover effect in the UK, but Crepon et al. (2013) estimate a reduction

of 37 percent for young French job seekers. The macro elasticity can also be larger than the
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micro elasticity if there are wage externalities (Landais et al., 2010) or if job destruction is

endogenous.22 Indeed, Hagedorn, Karahan, Manovskii, and Mitman (2013) provide empirical

evidence that the macro elasticity is substantially larger than the micro elasticity when

unemployment benefits affect job creation. In Section 6 we discuss the effect of choosing

alternative values for the search elasticity on our main results.

4.4 Skill Loss During Unemployment

There is substantial empirical evidence that job loss leads to subsequent lower wages and

earnings, and that these wage losses increase with the duration of unemployment. For the

US, Addisson and Portugal (1989) use data drawn from the Displaced Worker Survey and

find that an increase in the unemployment duration by 10% reduces wages between 0.8%

and 1.4%. Using the same data, Neal (1995) finds that an additional week of unemployment

reduces the wages by 0.37%, implying a monthly rate of wage loss of 1.5%. Further, using

a structural approach Keane and Wolpin (1997) estimate high rates of skill depreciation

during unemployment. For Germany, Schmieder, Wachter, and Bender (2013) use a large

administrative data set to implement a regression discontinuity (RD) design and find that

each month out of work reduces reemployment wages by 0.8 percent, pointing to substantial

costs of long unemployment spells. The work by Schmieder, Wachter, and Bender (2013)

is directly applicable to our setting since they allow for job search and wage offers that

change with unemployment duration. Their finding of substantial skill depreciation during

unemployment is consistent with recent empirical results pointing to a negative effect of

unemployment benefits on re-employment wages (Card, Chetty, and Weber, 2007). Guided

by the findings of the empirical literature, we set the skill depreciation parameter, δh,su =

δh,lu, to a quarterly depreciation rate of 2.5%.23 This value is lower than the skill depreciation

22Landais et la. (2010) also argue that the elasticity wedge is counter-cyclical, and Crepon et al. (2013)
provide evidence supporting this view. Below we discuss the cyclical properties of the elasticity implied by
our calibrated model economy.

23Note that these empirical studies estimate wage effects that already take into account the possibility
that unemployment benefit duration affects match quality, an effect emphasized by Acemoglu and Shimer
(1999).
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implied by the baseline model of Lunqvist and Sargent (1998, 2008).

4.5 Wage Risk

We assume there is wage risk, i.e. εe is a random variable. Specifically, we assume that

ln(1 + εeis normally distributed with mean 0 and variance σ2. Clearly, in our model log

wages follow a random walk; this follows from the human capital equation (1) in conjunction

with the assumption that ε is i.i.d. For the US, the random walk component of individual

wages (labor income) has been estimated by a number of empirical studies using data drawn

from the PSID, and estimates of σ for the US are in the range of .15 for annual wage

changes, which amounts to quarterly standard deviation of 0.15/2 = 0.075. For Germany,

Fuchs-Schuendeln, Krueger, and Sommer (2009) find similar values, and we therefore choose

the value σ = .075.

4.6 Unemployment Benefits

The calibration of the unemployment benefit parameters broadly follows Krebs and Scheffel

(2013). We choose the unemployment benefit parameters bsu so that the consumption drop

upon job loss (transition from s = e to s = su) is equal to 10 percent.24 There is substantial

empirical evidence that job loss is associated with large and significant consumption drops,

that is, self-insurance is less than perfect. For example, Gruber (1997) ... More recently,

Blundell, Meghir, and (2008) ...

We choose the unemployment benefit parameter blu to match the difference in the net

replacement rate of the short-term unemployed and long-term unemployed (the change that

occurs when moving from short-term unemployment to long-term unemployment).25 The

OECD reports the net replacement rate for short-term and long-term unemployed, where

24Note that the alternative approach of setting bsu so that the model’s net replacement rate matches the
corresponding value of the German unemployment insurance system would imply a consumption drop of
around 30 percent.

25In the model, the net replacement rate is not b, but b/((1 − τ )rh), and we choose b so that the implied
value of b/((1− τ )rh) matches the corresponding net replacement rate.
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long-term unemployment is defined as unemployment duration longer than one year. The

Hartz IV reform clearly had different effects on different sub-groups of the short-term and

long-term unemployed. However, neither the model nor the OECD data are detailed enough

to capture all aspects of this heterogeneity. We therefore focus on net replacement rates

of single households with median earnings before the job loss. The OECD reports the net

replacement rate for two subgroups of this group of households, namely single households

without children and single households with two children. We calibrate the parameter blu

so that the model matches the weighted average net replacement rate for these two groups

in the period 2000-2004, where the weight for the first group is set equal to the population

weight of all households without children and the weight of the second group is set equal to

the population weight of all households with children. For the period 2000-2004, this yields

a net replacement rate of 0.63 for the short-term unemployed and 0.57 for the long-term

unemployed.

4.7 Job Separation Rates

The job destruction process is defined by four free parameters, the two transition probabil-

ities π(R|R) and π(N |N), and the two job destruction rates, πsu|e(R) and πsu|e(N). These

parameters affect the equilibrium unemployment rate through (10). We choose values for

these four parameters in order to match four targets: the average unemployment rate in the

period 2000-2004 in Germany, namely 10 percent, and the frequency, persistence, and sever-

ity of recessions in Germany in the period 1980-2012. The first target (in conjunction with

the job finding rates specified above) implies an average job separation rate of π̄e|su = 0.0159,

which is in line with Jung and Kuhn (2013).

In the period 1980-2004 there have been four episodes of negative output growth for

at least two quarters in Germany, and we identify these episodes with recessions. We use

quarterly job separation rates from Jung and Kuhn (2013) to find the duration and severity

of the hike in job destruction during each of the four recessions. Specifically, we apply the

HP-filter to the time series of job separation rates and then compute for each of the four
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recessions the number of quarters the job separation rate remained above trend and the

average deviation from the trend. This yields an average duration of recessions of 8 quarters

and an average increase of the job separation rate of XX percentage points (9.8 percent)

during recessions. Further, the likelihood of being in a recession quarter in the period 1980-

2004 was XXX. These three target values in conjunction with the target π̄e|su = 0.0159 pin

down the values of the four parameters defining the job destruction process. The implied

parameter values are π(R|R) =, π(N |N) =, πsu|e(R) =, and πsu|e(N) =.

4.8 Job Finding Rates

We do not target the cyclical properties of the job finding rate, but find that the model is

roughly in line with the data. Specifically, in the model the job finding rate of the short-

term unemployed declines during recessions from 24.1 percent to 23.5 percent (a reduction

of 0.6 percentage points) and the job finding rate of the long-term unemployed decreases

from 0.06 percent to 0.058 percent (a reduction of 0.002 percentage points. This (mild)

decline is mainly driven by the increase in the unemployment rate during recessions, which

has a direct effect on job finding rates through the matching function (20) and an indirect

effect since search effort is reduced. In comparison, in the data the job finding rate of the

short-term unemployed declines by XXX percentage point during a typical recession and the

job finding rate of the long-term unemployed decreases by XXXX percentage points. This

suggests that our model captures the main mechanism behind the cyclical variation in job

finding probabilities in Germany.

4.9 Interest Rates

For our baseline calibration, the implied interest rate (lending rate) is rf = using (A1).

Further, the minimal interest rate spread, αmin, that leads to the no-asset-trade equilibrium

of proposition 1 is αmin =. A spread of XXX between lending rate and borrowing rate is

smaller than observed interest rate spreads for households in most cases.26 In other words,

26For example, for the US the difference between the yield on ten-year Treasury bonds and the mortgage
rates for 15-year mortgages for highest quality borrowers was XXX in 2014. For Germany, the corresponding
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for the calibrated model economy households do not have a strong motive for self-insurance,

which is the reason why a relatively small interest rate spread suffices to induce households

not to engage in self-insurance through borrowing and lending.

5. Quantitative Results

In this section we present the quantitative results. Section 5.1 provides a brief discussion of

the German labor market reforms of 2003-2005, the so-called Hartz reforms, and how the

two reforms of interest, Hartz III and Hartz IV, have changed the model parameters. Section

5.2 analyzes the effect of the Hartz III reform and the Hartz IV reform on the welfare cost

of recessions. Section 5.3 compares the dynamic response of output and unemployment to

a typical recession shock before and after the reforms , and Section 5. conducts the same

comparison when the size of the shock is chosen to match the increase in the job destruction

rate in Germany during the Great Recession. These two sections provide additional intuition

for the results derived in Section 5.2. Finally Section 5.5 compares our welfare-based measure

of the cost of recessions to a simple output-based measure of the cost of recessions.

5.1 German Labor Market Reform 2003-2005

At the beginning of the 2000s, the dismal labor market performance and a tightening of the

social security budget convinced the German government that a drastic policy reversal had

to take place. As a consequence, the German government enacted in 2003-2005 a number

of far-reaching labor market reforms, the so-called Hartz reforms. These reforms consisted

of four laws that were implemented in three steps in January 2003 (Hartz I+II), January

2004 (Hartz III), and January 2005 (Hartz IV). The main objective of the Hartz reforms

was simple yet ambitious: improve the process of moving workers from unemployment to

employment.27 To achieve their objective, the reforms used a multi-layered strategy that had

difference was XXX in 2014. See XXX and YYY for the data on the US, respectively Germany.

27The core elements of the reform were based on recommendations made by an expert commission that
was headed by Peter Hartz, the Chief Human Resources Officer of Volkswagen at that time. In the preamble
of the commission’s report (Hartz et al 2002) this objective in combination with the idea of ”challenge and
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three core elements: i) increase the matching efficiency by improving job placement services,

ii) increase labor supply by activating the unemployed, and iii) increase labor demand by

deregulating the market for temporary work and providing employment subsidies. At the

risk of over-simplification, we can say that Hartz III was mainly about the first point, Hartz

IV was concerned with the second point, and Hartz I and II were mainly dealing with the

last point. In this paper, we confine attention to Hartz III and Hartz IV, to which we turn

next.

5.1.1 Effect of Hartz III Reform (Improvement in Job Search Assistance)

January 1, 2004, Hartz III was enacted with the goal to improve the efficiency of the job

placement services for the unemployed. To this end, the Public Employment Agency was

restructured and transformed from a strongly centralized and bureaucratic institution with

little quality control into a decentralized, customer-oriented organization with a high degree

of responsibility and accountability of local employment offices (called job centers after the

reform). Further, in the wake of the reform many services were streamlined and heavy

emphasis was placed on job search assistance to improve the process of matching unemployed

workers with vacant jobs. In addition, the reform broke the de facto monopoly of the Public

Employment Agency, which introduced competition in the market for job placement services.

In particular, a voucher system was introduced providing individual job seekers with the

opportunity to choose private placement agencies.28

In the Appendix we review the evidence regarding the effect of Hartz III on the efficiency of

job search. The available evidence suggests that the restructuring of the Public Employment

Agency (Hartz III) increased the quality of job search assistance leading to an increase in the

efficiency parameter of the aggregate matching function by at least 5 percent and perhaps up

promote” (”Fordern und Foerdern”) are singled out as the most important principles guiding the reform
effort. Jacobi and Kluve (2007) provide a detailed account of the Hartz reforms and Wunsch (2005) provides
a comprehensive survey of German labor market policy before the reform. See also Krebs and Scheffel (2013).

28The voucher system was already introduced in 2002 as part of the Job-AQTIV amendment, but the
Hartz III reform allowed for a more wide-spread application of vouchers.
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to 10 percent. The evidence also suggests that the introduction of vouchers for placement

services improved the job finding rate of affected workers by about 10 − 30 percent. On

average, 20 percent of unemployed workers receive a voucher (Pfeiffer and Winterhager,

2006), which translates into an increase in the unconditional job finding rate by 2 − 6

percent for all unemployed workers. Thus, the available evidence suggests that Hartz III

in conjunction with the introduction of the voucher system improved the quality of job

search assistance substantially and led to an increase in search efficiency by at least 7 − 16

percent.

Based on the available evidence, we assume that the Hartz III reform increased job search

efficiency by 7 percent, that is, in our quantitative analysis we simulate the effect of the Hartz

III reform as an increase in the efficiency parameters xsu and xlu by 7 percent. Clearly,

this choice lies at the lower end of the empirical estimates and is therefore a conservative

choice. The evidence also shows that this increase in job search efficiency did not increase

the resource costs of providing job search assistance. Thus, we assume that in our analysis

below that the Hartz III reform increases xsu and xlu by 7 without a change in λs(xs) in the

government budget constraint.

5.1.2 Effect of Hartz IV (Reduction in Unemployment Benefits)

The Hartz IV legislation was enacted in January 1, 2005, and constituted a radical overhaul of

the German unemployment insurance system. The main objective of Hartz IV was to activate

unemployed job seekers. Before the reform, the unemployment system was characterized by

a very long period of Unemployment Benefit entitlement followed by a relatively generous

and essentially unlimited, means-tested Social Welfare Program (consisting of a combination

of Unemployment Assistance and/or Social Assistance). The Hartz IV reform resulted in

a simple two-tier unemployment insurance system in which most unemployed workers with

unemployment spells less than one year (short-term unemployed) receive unemployment

benefits that are proportional to earnings at the last job (called Unemployment Benefit I)

and most unemployed workers with an unemployment spell of more than one year (long-term
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unemployed) receive means-tested payments that heavily depend on household composition

(called Unemployment Benefit II).29

The Hartz IV reform reduced unemployment payments for many households, but the

extent of the reduction varies substantially across household groups and length of unem-

ployment spell. One way to aggregate this heterogeneity is to use the OECD data on net

replacement rates for different household groups and to compute an average net replacement

rate as described in more detail in Krebs and Scheffel (2013). In figure 2 we plot the re-

sulting net replacement rate over the period XXXX. Clearly, Hartz IV had almost no effect

on the net replacement rate of the short-term unemployed, but a very large effect on the

net replacement rate of the long-term unemployed. Specifically, Hartz IV reduced the net

replacement rate from 0.57 in the period 2000-2004 to 0.46 after the reform in 2005. Based

on this evidence, we follow Krebs and Scheffel (2013) and simulate the effects of Hartz IV

assuming that it reduced the net replacement rate for the long-term unemployed from 0.57

to 0.46 and that it left the net replacement rate for the short-term unemployed unchanged.30

FIGURE 2 HERE

5.1.3 Job-Finding Rates Before and After the Reform

According to our model, both the improvement in job search assistance (Hartz III) and

the reduction in unemployment benefits (Hartz IV) are expected to increase the non-cyclical

component of the job finding rate. Aggregate time series data provide strong support for this

29The Hartz IV reform also introduced new measures to activate the long-term unemployed/welfare recipi-
ents through monitoring, but given the theoretical structure of our model we cannot evaluate this part of the
Hartz IV reform. Note also that the eligibility period for short-term unemployment benefits (Unemployment
Benefit I) was reduced in February 2006, but this change was not officially a part of the Hartz-laws and had
only a small effect on the average net replacement rate (see Krebs and Scheffel, 2013).

30We note that a net replacement rate of 57 percent, the value for the long-term unemployed in Germany
before the reform, is exceptionally high. In comparison, using the same methodology, we find a value of 27
percent in Spain and 38 percent in France for the long-term unemployed. Indeed, even after the reform, the
net replacement rate for the long-term unemployed in Germany (46 percent) is still higher than in Spain
(27 percent) and France (38 percent). In contrast, net replacement rates for short-term unemployed a very
similar for all three countries: 68 percent for France, 66 percent for Spain, and 63 percent for Germany.
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basic implication of the theory. Specifically, in the data the job finding rates for both groups

have been relatively stable before implementation of these two reform packages and then

began to rise steadily until the years 2007, at which stage they remained relatively stable at

a significantly higher level – see figure 3.31 For the long-term unemployed the average job

finding rate in the period 2000-2003 is 6.3 percent and the average job finding rate in the

period 2007-2012 is 9.3 percent. For the short-term unemployed the corresponding numbers

are 24 and 37 percent, respectively.

FIGURE 3 HERE

The model prediction with regard to job finding rates is not only qualitatively in accor-

dance with the data, but also the quantitative implications of the calibrated model economy

line up well with the data. Specifically, according to our baseline calibration, the Hartz

III reform and the Hartz IV reform taken together lead to an increase in the job finding

rate of the short-term unemployed from 24 percent to 31.9 percent and of the long-term

unemployed from 6 percent to 9.1 percent (averaged over business cycle conditions), which

is very close to what we observe in the data. Thus, the data provide strong support for the

main channel emphasized in this paper, namely that the Hartz III reform and the Hartz IV

reform increased the job finding rates permanently.

5.2 Welfare Cost of Recessions

In the previous section we argued that the Hartz III reform improved the quality of JSA

and that the Hartz IV reform reduced UI for the long-term unemployed, blu. We now turn

to an analysis of this change in labor market institutions on the welfare costs of recessions,

where we compute the welfare costs of recessions according to (16). We continue to assume

that the labor income tax, τ , adjusts to ensure that the government budget constraint (12)

is satisfied.32

31The analysis of Jung and Kuhn (2013) confirms that the German job finding rate is relatively stable
over the business cycle.

32For the case of the German labor market reform of 2003-2005 this is a realistic assumption given that
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Table 1 show the main results of this paper. In this table we compute the welfare cost of

recessions pre-reform and post-reform assuming normal economic conditions at the time of

the elimination of recessions, that is, we use (U0, S0) = (UN , N) in equation (16). The first

row in table 1 shows the welfare cost of recessions before the Hartz III and Hartz IV reforms.

Using a utilitarian social welfare function, µsu = Usu, µlu = Ulu, and µe = 1 − Usu − Ulu, we

find that the welfare cost of recessions is substantial: 1.034 percent of lifetime consumption.

The first row of table 1 also shows the welfare cost of recessions for different groups of

workers. For the employed (µsu = µlu = 0 in equation (15)), this welfare cost is 1.018 percent

of lifetime consumption, for the short-term unemployed (µe = µlu = 0 in equation (15)), this

cost increases to 1.194 percent of lifetime consumption, and for the long-term unemployed

(µsu = µe = 0 in equation (15)), the welfare cost of recessions is 1.168 percent of lifetime

consumption. Thus, unemployed workers gain more from the elimination of recessions than

employed workers, though the difference is not very large.

The second row in table 1 shows the welfare cost of recessions after the Hartz III reform

(improvement in JSA). The column shows the Hartz III reform reduced the welfare cost of

recessions by almost 13 percent from 1.034 percent of lifetime consumption to 0.903 percent

of lifetime consumption – a substantial reduction. The second row also shows that the

reduction in the welfare cost of recessions is similar across all groups of workers (employed,

short-term unemployed, long-term unemployed), and that measured in percent of the initial

value the reduction is the largest for employed workers.

The third row shows the effect of the Harz IV reform (reduction in UI) on the welfare

cost of recessions. The reform led to a reduction of the cost of recessions by 9 percent

from 1.034 percent of lifetime consumption to 0.9232 percent of lifetime consumption. Thus,

according to our baseline calibration incentive-effects are large. Specifically, in the model

economy the Hartz IV reform increases the job finding rate of the short-term unemployed

from XXX to Y Y Y and the job finding rate of the long-term unemployed from XXX to

before the reform the unemployment insurance system had big financing issues and after the reform the
unemployment insurance tax was indeed reduced.
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Y Y Y . As discussed before, this increase in the fluidity of the labor market reduces the cost

of recessions, and this effect is strong enough to outweigh the opposing effect on the welfare

cost of recessions that derives from the lack in insurance. In Section 6 we return to the

issue of incentive-effects and show how a reduction in the target search elasticity weakens

the effect of the Hartz IV reform on the welfare cost of recessions substantially. The third

row also shows that the reduction in the welfare cost of recessions is the largest for employed

workers, and significantly lower for unemployed workers.

The last row in table 1 shows the combined effect of Hartz III and Hartz IV on the

welfare cost of recessions. These two reforms taken together reduced the welfare cost of

recessions in Germany by a substantial amount, namely by about 20 percent from 1.034

percent of lifetime consumption to 0.827 percent of lifetime consumption. Note that the

combined effect of these two reforms is somewhat lower than the sum of the individual

effects of the two reforms. In this sense, the two policy reforms are substitutes. The last

row also shows that employed workers experience the largest reduction in the welfare cost of

recession, though the difference across different groups of workers is not very large.

The welfare cost of recessions shown in table 1 has two components. The first component

measures the welfare loss that is due to the reduction in the mean of the job destruction rate

and the second component is due to the reduction in the volatility of the job destruction

rate. To evaluate the importance of the second component, we compute the welfare cost of

business cycles using (17) to eliminate business cycles with weights ρ(S ′) = π(S ′|e), that is,

we compute the welfare change when the volatility of the job destruction rate is eliminated

for given mean value. We find that this welfare cost of business cycles is −0.025 percent of

lifetime consumption.33 In other words, the volatility of the job destruction rate has a very

small and positive effect on welfare. Thus, the welfare cost of recessions reported in table 1

are almost entirely determined by the change in the mean of the job destruction rate when

33This negative number is outcome of two opposing effects. First, risk aversion suggests a positive welfare
cost – volatility is bad for welfare. Second, variations in job finding rates in conjunction with the ability of
workers to adjust search effort suggest a negative welfare cost – volatility (in job finding rates) is good. The
second effect has been emphasized in Gomes, Greenwood, Rebelo (2001).
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recessions are eliminated, a result that is not unexpected given that the welfare cost is zero

when aggregate shocks are i.i.d. and the job finding rate is independent of the aggregate

unemployment rate (see Section 3.3).

Table 1 assumes that recessions are eliminated in normal times (using (U0, S0) = (UN , N)

in equation (15)). The welfare cost of recessions become larger when we assume that (future)

recessions are eliminated in a recession (using (U0, S0) = (UR, R) in equation (15)), but the

effect of Hartz III and Hartz IV on the welfare cost of recession is similar to the previous

case. For example, pre-reform the welfare cost of recessions is 1.218 percent of lifetime

consumption in the case (U0, S0) = (UN , N), and the two reforms Hartz III and Hartz IV

reduce this cost by 18 percent from 1.218 to 1.000 percent of lifetime consumption.

5.3 Unemployment and Output Dynamics During Recessions

The Hartz III and Hartz IV reforms increased job finding rates (see Section 5.3), and this

increase in labor market fluidity made the German labor market more resilient to adverse

macroeconomic shocks. In this section, we discuss in more detail this effect, i.e. we analyze

the dynamic response of unemployment and output to a burst in job destruction before

and after the German labor market reforms. To this end, we consider the calibrated model

economy without aggregate shocks and then compute the dynamic equilibrium response to

a temporary increase in the job destruction rate. We choose the size and persistence of the

increase in the job destruction rate equal to the values that describe the typical recession in

Germany in the period 1980-2004: an increase from the long-run value of XXX to YYYY

(9.8 percent) for 8 quarters.

In figure 4 we plot the response of the unemployment rate to the hike in the job destruction

rate before and after the reform. The figure shows that in both cases, before and after

the reform, the unemployment rate rises for eight quarters in response to the shock, and

then declines slowly to converge back to its steady state level. However, for the unreformed

economy the increase in the unemployment rate peaks at XXXX percentage points, whereas
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for the reformed economy the maximum increase is XXXX percentage points.34 Further,

in the reformed economy the convergence to the steady state is much faster than in the

unreformed economy so that the above-trend increase in the unemployment rate during

the recession is on average XXXX percent smaller in the reformed economy than in the

unreformed economy. Thus, we conclude that the Hartz reforms, by increasing labor market

fluidity along the job finding margin, have improved the cyclical performance of the German

labor market significantly.

FIGURE 4 HERE

In figure 5 we plot the output response to the hike in the job destruction rate before

and after the reform. The figure shows that in both cases, before and after the reform,

aggregate output declines for eight quarters in response to the shock, and then recovers

slowly to converge to its trend growth rate. However, for the unreformed economy the

decline in output peaks at XXXX percentage points, whereas for the reformed economy

the maximum reduction is XXXX percentage points. 35 Further, in the reformed economy

the convergence to trend output is much faster than in the unreformed economy so that

the output loss during the recession is on average XXXX percent smaller in the reformed

economy than in the unreformed economy. Thus, we conclude that the Hartz reforms, by

increasing labor market fluidity along the job finding margin, have improved the cyclical

performance of the German economy.

FIGURE 5 HERE

34The steady state unemployment rates pre-reform and post-reform are not the same – see equation (10).
Indeed, the two reforms, Hartz III plus Hartz IV, taken together reduce the steady state unemployment rate
from 10 percent to 7.3 percent. To facilitate the comparison, in figure 4 we show the deviation from the
pre-reform, respectively post-reform, steady state unemployment rate.

35In our model with linear production function and skill depreciation during unemployment, the trend
growth rates of output pre-reform and post-reform are not the same – see equation (13). The two reforms,
Hartz III plus Hartz IV, taken together increase trend output growth from XXX percent to Y Y Y percent.
To facilitate the comparison, in figure 5 we show the deviation from the pre-reform, respectively post-reform,
trend output growth rates.
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One paragraph about permanent output losses ...

5.4 Unemployment and Output Dynamics During the Great Recession

We next discuss the unemployment and output response to a hike in the job destruction rate

of the size and persistence in line with the hike the German labor market experienced during

the Great Recession. As shown in Krebs and Scheffel (2013), during the Great Recession the

job destruction rate in Germany increased for 8 Quarters by an average of 34 percent relative

to trend. In other words, along this particular dimension the Great Recession impacted the

German labor market much more severely than previous recessions (a 34 percent increase

versus a 10 percent increase of the job destruction rate).

Results are similar to results in previous section, but everything is larger ...

FIGURE 6 HERE

FIGURE 7 HERE

5.5 Welfare Cost and Output Losses

Present value output loss and its relationship to welfare cost of recessions ....

6. Robustness Analysis

We have conducted an extensive robustness analysis. In many cases, the main results are not

very sensitive to the choice of target/parameter values. However, there are also parameters

that strongly affect our results. In this section, we focus on those dimensions of the parameter

space that our analysis has shown to be highly important for the results. In addition, in

Section 6.4 we show that one parameter that might be expected to be important, namely

the net replacement rate, turns out to be relatively unimportant for our results.

6.1 Search Elasticity

6.2 Skill Depreciation During Unemployment
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6.3 Match Quality

6.4 Net Replacement Rates
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Appendix

Appendix A: Proof of Proposition 1

We first show that at = 0 is an optimal choice for workers. For simplicity, we assume that

employed workers have the strongest incentive to save and short-term unemployed workers

have the strongest incentive to dissave. The equilibrium characterization for the other cases

is accordingly. Define the interest rate

1 + rf (S) =
1

β


∑

s′ ,S′

φe

φs′(1 + εs′)
πs′|e(S

′)π(S ′|S)




−1

(A1)

and the miniumum transaction cost

αmin = max
U,S





1

β

(∑

s′

φsu

φs′(1 + εs′)
πs′|su(lsu(U,S), U)

)−1

(A2)

− 1

β


∑

s′ ,S′

φe

φs′(1 + εs′)
πs′|e(S

′)π(S ′|S)




−1




where lsu(U,S) is the equilibrium effort choice of short-term unemployed workers. Note that

the term in brackets in (A1) is the expected intertemporal marginal rate of substitution for

employed workers, st = e. Thus, if first-order conditions are necessary and sufficient, then for

an interest rate, rf , given by (A1) the choice at = 0 is an optimal choice for employed workers.

Note further that the two terms in brackets in (A2) are the expected intertemporal marginal

rate of substitutions of employed workers and short-term unemployed workers, respectively.

Thus, if first-order conditions are necessary and sufficient, then for a lending rate rf given by

(A1) and any borrowing rate that is equal or larger than rf + αmin, where αmin is given by

(A2), it is optimal for short-term unemployed workers and long-term unemployed workers to

choose at = 0. Clearly, first-order conditions are necessary, but they might not be sufficient.

We now show (indirectly) that first-order conditions are also sufficient.

To ease the notation, we confine attention to the case without aggregate shocks and steady

state analysis so that we can use a constant interest rate rft = rf . Consider an extended

household maximization problem with endogenous choice of human capital. Specifically,

suppose that the household can transform one unit of the good into ν(s) units of human
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capital and denote the (resource) cost of human capital investment by i. Thus, the extended

household maximization problem is the problem of choosing {ct, at, ht, it, lt} so as to maximize

(2) subject to the sequential budget constraint

at+1 =

{
(1 + rf )at + φ(st) − ct − it if at+1 ≥ 0
(1 + rf + α)at + φ(st) − ct − it if at+1 < 0

ht+1 = (1 + ε(st, st+1)) (ht + νtit) (A3)

where ε and φ are the same functions as in the basic household decision problem of maxi-

mizing (2) subject to (1).

Clearly, if {c∗t , a∗t , h∗t , i∗t , l∗t } solves the extended household maximization problem with

i∗t = 0, then {c∗t , a∗t , l∗t} solves the basic household decision problem for given h̄t = h∗t . In

particular, if {c∗t , a∗t , h∗t , i∗t , l∗t} solves the extended household maximization problem with

i∗t = 0 and a∗t = 0, then {c∗t , a∗t , l∗t} with a∗t = 0 solves the basic household decision problem

for given h̄t = h∗t . Thus, the first part of proposition 1 is proved if we can construct a solution

{c∗t , a∗t , h∗t , i∗t , l∗t} to the extended household maximization problem with i∗t = 0 and a∗t = 0.

We now show how to construct such a plan if the interest rate, rf , is given by (A1) and the

financial intermediation cost is not less than αmin defined in (A2).

Define the following new variables:

c̃t = νt ct

wt+1 = (1 + rt+1) (ht+1/(1 + εt+1) + νtat+1)

θa,t+1 =
νt (1 + rt+1)at+1

wt+1

θh,t+1 =
(1 + rt+1)ht+1

(1 + εt+1)wt+1

1 + rt+1 =




θa,t+1

(
νt+1

νt
(1 + rf )

)
+ θh,t+1(1 + εt+1)(1 + φt+1νt+1) if θat ≥ 0(

νt+1

νt
(1 + rf + ϕ)

)
+ θh,t+1(1 + εt+1)(1 + φt+1νt+1) if θat < 0

Here w is the value of total wealth, financial and human, including asset payoffs in period

t + 1, θ is the share of total wealth invested in financial assets, and r is the total return

on investment (in human and physical capital). Note that ht+1/(1 + εt+1) + νtat+1 is total

wealth excluding asset payoffs in period t + 1. Using the new definitions, the household
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budget constraint (A1) can be written as

wt+1 = (1 + r(θa,t+1, θh,t+1st, st+1)) (wt − ct)

θa,t+1 + θh,t+1 = 1 (A4)

wt+1 ≥ 0 , θh,t+1 ≥ 0

The extended household maximization problem is to choose a plan {ct, wt, θat, θht, lt} that

maximizes (1) subject to (A4).

The Bellman equation associated with the extended household maximization problem

reads

V (w, s) = maxc,θ′a,θ′
h
,w′,l

{
ln c̃− ln ν(s) − d(l, s) + β

∑

s′
V (w′, s′)π(s′|s, l)

}

s. t. w′ = (1 + r(θ′a, θ
′
h, s, s

′))(w − c)

θ′a + θ′h = 1 (A5)

w′ ≥ 0 , θ′h ≥ 0

where the effort choice, l, is only relevant if s = su, lu. The extended household maximization

problem has the feature that probabilities depend on choices, in contrast to the class of

problems analyzed in Stokey and Lucas (1989). However, the standard argument for the

principle of optimality still applies, and without loss of generality we can confine attention

to solving (A5) subject to a corresponding transversality condition.

There is a technical issue regarding the construction of the appropriate function space

since the economic problem is naturally an unbounded problem. To deal with this issue, one

can, for example, follow Streufert (1990) and consider the set of continuous functions BW

that are bounded in the weighted sup-norm ||V || .= supx|V (x)|/W (x), where x = (w, θ, s)

and the weighting function W is given by W (x) = |L(x)| + |U(x)| with U an upper bound

and L a lower bound, and endow this function space with the corresponding metric. Thus,

BW is the set of all functions, V , with L(x) ≤ V (x) ≤ U(x) for all x ∈ X. A straightforward

but tedious argument shows that confining attention to this function space is without loss

of generality. More precisely, one can show that there exist functions L and H so that for

all candidate solutions, V , we have L(x) ≤ V (x) ≤ H(x) for all x ∈ X.36

36Alvarez and Stokey (1998) provide a different, but related argument to prove the existence and uniqueness
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The Bellman equation (A5) has a simple solution. More precisely, the optimal portfolio

choice, (θ′a, θ
′
h), is independent of wealth, w, and consumption and next-period wealth are

linear functions of current wealth:

c = (1 − β)w (A6)

w′ = β(1 + r(θ′, s, s′))w .

Moreover, the value function has the functional form

V (w, s) = Ṽ (s) +
1

1 − β
lnw (A7)

and the optimal portfolio choice and optimal search effort are the solution to the intensive-

form Bellman equation

Ṽ (s) = maxθ′a,θ′
h
,l

{
B − ν(s) − d(l, s) +

β

1 − β

∑

s′
ln (1 + r(θ′a, θ

′
h, s, s

′))π(s′|s, l) + β
∑

s′
Ṽ (s′)π(s′|s, l)

}
,

θ′a + θ′h = 1 , θ′h ≥ 0 (A8)

where B is a constant. It is straightforward to show that this solution satisfies the relevant

transversality condition.

Clearly, the maximization problem (A8) is a convex problem (concave objective function

and convex choice set), and first-order conditions are therefore necessary and sufficient.

These first-order condition read

0 ≤
∑

s′

(1 + ε(s′))(1 + φ(s′)ν(s′)) − ν(s′)
ν(s)

(1 + rf)

1 + r(θ′a, θ
′
h, s, s

′)
π(s′|s, l) if θ′a ≥ 0 (A9)

0 ≥
∑

s′

(1 + ε(s′))(1 + φ(s′)ν(s′)) − ν(s′)
ν(s)

(1 + rf + αmin)

1 + r(θ′a, θ
′
h, s, s

′)
π(s′|s, l) if θ′a ≤ 0

where the first inequality has to hold with equality if θ′a > 0 and the second inequality has to

hold with equality if θ′a < 0. Note that the numerator is the excess return of human capital

investment over the return to financial investment and that (1 + r)−1 is the marginal utility

of a Bellman equation for a class of unbounded problems similar to the one considered here (without moral
hazard).
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of consumption. Thus, equation (A9) says that expected marginal utility weighted returns

are equalized across assets, a well-known optimality condition in portfolio choice theory.

Suppose the human capital productivity parameter ν is chosen as

ν(s) =
1 − β

β

1

φ(s)
(A10)

Using this condition and substituting θ′a = 0 and θ′h = 1 into (A8) yields:

1 ≥ β
∑

s′

φ(s)

φ(s′)

1 + rf

1 + ε(s, s′)
π(s′|s, l) (A11)

1 ≤ β
∑

s′

φ(s)

φ(s′)

1 + rf + ϕ

1 + ε(s, s′)
π(s′|s, l)

Clearly, if the interest rate, rf , is set according to (A1) and the financial intermediation cost

is at least as large as αmin given in (A2), then (A11) is satisfied (and holds with equality if

the cost is equal to ϕmin). Straightforward algebra shows that in this case the value function

(A7) reduces to (8) and equation (A8) becomes (9). Further, in this case the optimal plan

given by (A6) is simply ct = φ(st)ht and ht+1 = (1 + ε(st+1))ht. This completes the proof

that at = 0 is an optimal choice for workers.

It remains to be shown that (11) is the equilibrium law of motion for the state Ω. To see

this, note that

Ωt+1(st+1) =
E[ht+1|st+1, S

t+1]π(st+1|St+1)

E[ht+1|St+1]
(A12)

=
E[(1 + ε(st+1))ht|st+1, S

t+1]π(st+1|St+1)

E[(1 + ε(st+1))ht|St+1]

=

∑
st
E[(1 + ε(st+1))ht|st, st+1, S

t+1]π(st|st+1, S
t+1)π(st+1|St+1)

∑
st,St,st+1

E[(1 + ε(st+1))ht|st, st+1, St+1]π(st|st+1, St+1)π(st+1|St+1)

=

∑
st
(1 + ε(st+1))π(st+1|st, S

t+1)E[ht|st, S
t]π(st|St)

∑
st,st+1

(1 + ε(st+1))π(st+1|st, St+1)E[ht|st, St]π(st|St)

=

∑
st
(1 + ε(st+1))π(st+1, St+1|st)Ωt(st)∑

st,st+1
(1 + ε(st+1))π(st+1, St+1|st)Ωt(st)

This completes the proof of proposition 1.

51



Proof of Proposition 2

Our proof is based on equation (21). Since µu = 1 in the social welfare function (20) we

have SW = vu in (21), where vu is the solution to (18). Consider equation (18) without the

max operator and the corresponding solution ṽu = ṽu(b, x, q, l). Clearly, we have

∂2vu

∂b∂q
=

∂2ṽu

∂b∂q
+
∂2ṽu

∂l∂q

∂l

∂b
+

[
∂2ṽu

∂b∂l
+
∂2ṽu

∂l2
∂l

∂b

]
∂l

∂q
(A13)

∂2vu

∂x∂q
=

∂2ṽu

∂x∂q
+
∂2ṽu

∂l∂q

∂l

∂x
+

[
∂2ṽu

∂x∂l
+
∂2ṽu

∂l2
∂l

∂x

]
∂l

∂q

where we used the optimality condition ∂ṽu

∂l
= 0. We next show that

∂2ṽu

∂x∂q
< 0 ,

∂2ṽu

∂b∂q
< 0 ,

∂2ṽu

∂l∂q
< 0 , (A14)

∂2ṽu

∂x∂l
< 0 ,

∂2ṽu

∂b∂l
< 0 ,

∂2ṽu

∂l2
< 0 ,

∂l

∂b
< 0 ,

∂l

∂x
> 0 ,

∂l

∂q
> 0

which shows that ∂2vu

∂x∂q
< 0. Further, this also implies that ∂2vu

∂b∂q
> 0 if ∂l

∂b
is large enough.

Thus, (A14) proves proposition 2.

Solving equation (18) yields

ṽu(b, x, q, l) =
1

1 − β


yu(b, l) +

βπe|u(x, l) (ye − yu(l, b))

1 − β + β
(
πe|u(x, l) + π̄u|e − q

)

 (A15)

ṽe(b, x, q, l) =
1

1 − β


yu(b, l) +

β
(
1 − β + βπe|u(x, l)

)
(ye − yu(l, b))

1 − β + β
(
πe|u(x, l) + π̄u|e − q

)



where we defined

yu(l, b)
.
= ln b− d(l) +

β

1 − β
ln(1 + εu)

ye
.
= ln(1 − τ )w +

β

1 − β
ln(1 + εe)
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Differentiation of (A15) yields

∂2ṽu

∂b∂q
= − β2πe|u(x, l)(

1 − β + β
(
πe|u(x, l) + π̄u|e − q

))2

1

b
(A16)

∂2ṽu

∂x∂q
= β2

1 − β + β
(
π̄u|e − q

)
− βπe|u(x, l)

(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))3 (ye − yu(l, b))
∂πe|u(x, l)

∂x

Thus, ∂2ṽu

∂b∂q
< 0 holds for all parameter values and ∂2ṽu

∂x∂q
< 0 holds if βπe|u(x, l) > 1−β+βπ̄u|e

and q is small.

Differentiation of (A15) also yields

∂2ṽu

∂b∂l
= −

β
(
1 − β + β

(
π̄u|e − q

))

(1 − β)
(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))2

1

b

∂πe|u(x, l)

∂l
(A17)

∂2ṽu

∂l∂q
=

β
(
1 − β + β

(
π̄u|e − q

))

(1 − β)
(
πe|u(x, l) + π̄u|e − q

)4

(
1 − β + β

(
π̄u|e − q

)
− βπe|u(x, l)

)
(ye − yu(l, b))

∂πe|u(x, l)

∂l

∂2ṽu

∂x∂l
=


 β

(
1 − β + β

(
π̄u|e − q

))

(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

)) ∂πe|u(x, l)

∂l

∂πe|u(x, l)

∂x

+
(
1 − β + β

(
π̄u|e − q

)) ∂2πe|u(x, l)

∂x∂l

−
2β
(
1 − β + β

(
π̄u|e − q

))

(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

)) ∂πe|u(x, l)

∂l


 β (ye − yu(b, l))

(1 − β)
(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))

where we used the condition

d′(l) =
β

1 − β + β
(
πe|u(x, l) + π̄u|e − q

) (ye − yu(l, b))
∂πe|u(x, l)

∂l
(A18)

to derive the second and third equation in (A17). Equation (A18) is the first-order condition
∂ṽu

∂l
= 0, which has to hold in equilibrium since we assume that the worker’s choice of optimal

effort is interior. Clearly, ∂2ṽu

∂b∂l
< 0 for all parameter values and ∂2ṽu

∂x∂l
< 0 for parameter

values with βπe|u(x, l) > 1 − β + βπ̄u|e and small q. Finally, to see that ∂2ṽu

∂x∂l
< 0 notice that

∂2πe|u(x,l)

∂x∂l
= g′(x),

∂πe|u(x,l)

∂l

∂πe|u(x,l)

∂x
= g(x)g′(x)l < g′(x), and

∂πe|u(x,l)

∂l
= g(x). Thus, ∂2ṽu

∂x∂l
< 0

if g′(x) < g(x), which holds for small enough x.
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Implicit differentiation of (A18) yields

∂l

∂b
= −

β
∂πe|u(x,l)

∂l

b
(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))

d′′(l) +

β2(ye−yu(l,b))

(
∂πe|u(x,l)

∂l

)2

(1−β+β(πe|u(x,l)+π̄u|e−q))
2




(A19)

∂l

∂x
=

β
∂πe|u(x,l)

∂l
(ye − yu(l, b))

[(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))
∂2πe|u(x,l)

∂x∂l
− β

∂πe|u(x,l)

∂l

∂πe|u(x,l)

∂x

]

(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))2


d′′(l) +

β2(ye−yu(l,b))

(
∂πe|u(x,l)

∂l

)2

(1−β+β(πe|u(x,l)+π̄u|e−q))
2




∂l

∂q
=

β2 ∂πe|u(x,l)

∂l
(ye − yu(l, b))

(
1 − β + β

(
πe|u(x, l) + π̄u|e − q

))2


d′′(l) +

β2(ye−yu(l,b))

(
∂πe|u(x,l)

∂l

)2

(1−β+β(πe|u(x,l)+π̄u|e−q))
2




Clearly, from (A19) it follows that ∂l
∂b
< 0 and ∂l

∂q
> 0. We also have ∂l

∂x
> 0 since

∂2πe|u(x,l)

∂x∂l
=

g′(x) and
∂πe|u(x,l)

∂l

∂πe|u(x,l)

∂x
= g(x)lg′(x) < g′(x). This completes the proof of proposition 2.

Appendix C: Computation of Equilibria

The computation of the recursive equilibria proceeds as follows:

Step 1: Let M denote the number of grid-points used for the grid over the unemploy-

ment rates, U , and N denote the number of grid points used for the grid over the

wealth share, Ω. Set a grid for short-term and long-term unemployment rates, Gu,su =

{su1, . . . , suM} and Gu,lu = {lu1, . . . , luM}, and a grid for the wealth shares of short-

term and long-term unemployed,GΩ,su = {Ω(su)1, . . . ,Ω(su)N} and GΩ,lu = {Ω(lu)1, . . . ,Ω(lu)N}.

Step 2: Provide an initial guess for the labor-income tax, τ .

Step 3: Solve (9) and (10), that is, find effort choices and the value function coefficients

in conjunction with the law of motion for the unemployment rate, where we use first-

order conditions and search effort depends on the current unemployment state and the

aggregate shock: ls = ls(Usu, Ulu, S) with s = su, lu and (Usu, Ulu, S) ∈ Gu,su ×Gu,lu ×
{N,R}. Specifically, we proceed as follows
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step 3.1: For any (Usu, Ulu, S, S
′) ∈ Gu,su × Gu,lu × {N,R}2, compute next-period’s

unemployment rate U ′ according to (10), that is, compute

U ′
s′ =

∑

S′

(
πs′|e(l, Usu,i, Ulu,j , S

′)(1 − Usu,i − Ulu,j) +

πs′|su(l, Usu,i, Ulu,j, S
′)Usu,i + πs′|lu(l, Usu,i, Ulu,j, S

′)Ulu,j

)
π(S ′|S)

step 3.2: Compute the coefficients of the intensive form Bellman equation vs(Usu,i, Ulu,j, S)

by solving the recursive equation (9). We solve (9) by iteration using interpolation

on the grid Gu,su ×Gu,lu × {N,R}.

step 3.3: Compute optimal effort choices using first-order condition, that is, for all

s ∈ {su, lu} we solve

∂ds(ls(Usu,i, Ulu,j, S), s)

∂ls
=

β
∑

s′,S′

(
1

1 − β
ln(1 + εs′(S

′)) + vs′(U
′
su, U

′
lu, S

′)
)
∂πs′|s(ls(Usu,i, Ulu,j, S

′)

∂ls
π(S ′|S)

The set of first-order conditions with respect to effort are comprises 4M2 equations in

4M2 unknowns l(s, Usu, Ulu, S) with (s, Usu, Ulu, S) ∈ {su, lu}×G2
u,su×{N,R}. We use

a standard root-finding algorithm to solve for effort choices such that
∂vs(Usu,i,Ulu,j ,S)

∂l
= 0

step 4: Use the effort choices l(s, S;Usu,i, Ulu,j) to determine the corresponding job finding

rates. Compute the stationary distribution on Gu,su × Gu,lu × GΩ,su × GΩ,lu. This

is a high-dimensional object and we use numeric eigenvalue decomposition on the

interpolated enlarged Markov transition matrix.

step 5: Given the stationary distribution, compute the error on the government budget (in

expectation). If the error is close to zero, stop, otherwise update the guess for the

labor income tax and go to step 2.

For convenience, we use a bisection algorithm on the labor income tax rate to find the

equilibrium allocation that satisfies the government budget in expectations.
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Transitional Dynamics

For the analysis in Section 5.3 and 5.4 we compute the transitional dynamics for an economy

without aggregate shocks.The computation of the transitional dynamics is as follows:

step 1: Compute the steady state allocation to which the economy converges after the

eliminating recessions.

step 2: Guess sequence of unemployment rate and obtain backward solution for search

effort.

step 3: Use sequence of search effort to solve for the evolution of the unemployment rate.

step 4: If the implied time series for the unemployment rate is sufficiently close to the guess,

stop. Otherwise, update the guess for the evolution of the aggregate unemployment

rate and go to step 2.

Appendix D: Bounded Government Debt

In this section, we construct for any fiscal policy {Gt, Tt} induced by a labor market insti-

tution (b, x, τ ) another fiscal policy {G′
t, T

′
t} with bounded government debt process that

generates the same equilibrium effort choice, and for which equilibrium welfare is arbitrarily

close to equilibrium welfare in the original economy. To this end, we extend the tax policy

and allow the government to levy, in addition to the linear labor income tax τ , a linear

consumption tax/subsidy τct, that is, if the household consumes ct he pays consumption

taxes τctct (if τct > 0) or receives a consumption subsidy τctct (if τct < 0). We assume that

the consumption tax/subsidy depends on public debt/assets, Dt. Specifically, τct(Dt) = 0 if

debt/assets Dt are smaller than a given upper bound, |Dt| < D̄, and τct(Dt) = τc otherwise.

We choose τc large enough so that |Dt+1| < |Dt| whenever |Dt| ≥ D̄. For this extended

model, the arguments used to prove proposition 1 apply and therefore our equilibrium char-

acterization results holds, mutatis mutandis. Note that for the extended model only the

intensive-form Bellman equation (9) changes – there is an extra term ln(1+ τc) on the right-

hand-side when |Dt| > D̄. Note also that the government budget constraint in the extended

model holds if and only if (b, x, τ ) satisfies the government budget constraint (12) since the

revenue from this tax/subsidy is zero in expectations.
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The proposed consumption tax/subsidy limits the accumulation of public debt/assets

without distorting effort choices and therefore gives rise to the same equilibrium effort choice.

To see this, note that even though the intensive-form Bellman equation (9) is affected by

this consumption tax, the solution l to in not affected since the differences in continuation

values ve(U
′, S′) − vsu(U

′, S′) and ve(U
′, S′) − vlu(U

′, S′) are unaffected.

The proposed consumption tax/subsidy changes the equilibrium consumption allocation

since ct = φ(st)
1+τct

and τct 6= 0 if |Dt| > D̄ in the new economy. However, we can always

make this difference in the equilibrium consumption allocation inessential in the sense that

equilibrium welfare in the two economies is arbitrarily close. To see this, note that for D̄

large enough we can push the event τct 6= 0 far enough out into the future to ensure that the

effect on individual welfare (2) is arbitrarily small. This completes the proof.

Appendix E: Empirical Evidence on Hartz III and Hartz IV

In 2003-2005, the German government enacted a number of far-reaching labor market re-

forms, the so-called Hartz reforms. 37 These reforms consisted of four laws that were imple-

mented in three steps in January 2003 (Hartz I+II), January 2004 (Hartz III), and January

2005 (Hartz IV). In this section, we review the empirical studies analyzing the effect of Hartz

III and Hartz IV on job finding rates.

January 1, 2004, Hartz III was enacted. This reform restructured the Public Employ-

ment Agency with the goal to improve the efficiency of the job placement services for the

unemployed. The best known empirical studies about the effects of Hartz III on matching

efficiency are Fahr and Sunde (2009) and Klinger and Rothe (2012), who use labor market

flow data to estimate matching functions for the German labor market before and after the

37Note that until 1997 the legal basis of German labor market policy was the Employment Promotion Act
(Arbeitsfoerderungsgesetz). In addition to passive income support for the unemployed it strongly emphasized
the need for public training and job creation programs for both the employed and unemployed. In 1998 the
Employment Protection Act was replaced by the Social Code III (Sozialgesetzbuch III), which shifted the
attention away from public sector training and job creation programs towards helping the unemployed job
seeker to find private-sector employment as quickly as possible. In this sense the enactment of the Social Code
III in 1998 foreshadowed the paradigm shift in German labor market policy that took place in the period
2003-2005. Note also that in 2002 the German government enacted the so-called JOB-AQTIV amendment
that implemented a number of reform measures that are often considered part of the Hartz reforms.
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Hartz III reform. Fahr and Sunde (2009) find that Hartz III increased the efficiency pa-

rameter of the estimated matching function by 11.6 percent for manufacturing occupations

and around 5 percent for non-manufacturing occupations according to their most preferred

specification (column 4 of table 5). Klinger and Rothe (2012), who do not distinguish be-

tween manufacturing and non-manufacturing, find an increase in matching efficiency around

5 percent (see their table 2). These numbers are likely to under-state the true effect on

matching efficiency for two reasons. First, Fahr and Sunde (2009) and Klinger and Rothe

(2012) are likely to under-estimate the true effect of Hartz III on matching efficiency since

they only consider data until January 2006, and any effect of the Hartz reforms that ma-

terialized after this date is not captured by their estimation. Second, the introduction of

vouchers in (2002) injected an element of competition in the market for placement services

thereby improving the efficiency of the Public Employment Agency, an effect that is not

captured by the empirical work on vouchers or the empirical work on Hartz III.

Empirical work using micro data support the view that the introduction of vouchers for

job placement services had positive effects on matching efficiency. Winterhager, Heinze, and

Spermann (2006) use a very rich administrative data set provided by the Federal Employment

Agency to analyze the efficiency improvements generated by the market-based approach to

job placement introduced with the Hartz reforms. Specifically, they apply propensity score

matching to estimate the effect of the job placement voucher scheme comparing voucher

recipients to a matched control group of non-recipients. They define treatment in the eval-

uation design as receipt of a first voucher during the unemployment spell in May and June

2003, and outcome as employment within 12 months after voucher issue. The main finding of

Winterhager, Heinze, and Spermann (2006) is that 12 months after the receipt of a voucher,

27.09 percent of the recipients are in regular employment, whereas only 20.60 percent of

the matched control group are employed. Thus, the average treatment effect on the treated

amounts to an increase in the job finding rate by around 30 percent - a very large effect in-

deed. Their results are in line with the finding of Pfeiffer and Winterhager (2006), who find

strong evidence for positive effects of vouchers for job placement services on re-employment

probabilities.

There is additional evidence suggesting that matching efficiency in Germany has been

low before the reform and that the potential for substantial efficiency gains was large. First,

58



Kuhn and Jung (2013) find that the cyclical properties of the German job separation and job

finding rates can only be explained by the standard matching function approach if matching

efficiency in the German labor market is much lower than in the US. Second, substantial gains

in matching efficiency are plausible given that in Germany i) job search assistance before

the reform was basically non-existent (private providers could not compete because of heavy

regulation and the public provider had no incentive to provide good services) and ii) well-

executed job search assistance has been shown to have substantial effects on re-employment

rates of unemployed job seekers (see Card, Kluve, and Weber, 2010, for a survey).38 In

addition, Hertwick and Sigrist (2012) provide evidence that the German Beverage curve

shifted inwards around the mid 2000s and estimate that the Hartz reforms taken together

(Hartz I-IV) increased matching efficiency by 20 percent. Finally, Launov and Wealde (2013)

use a calibrated search and matching model of the German labor market to argue that the

estimated efficiency gains due to Hartz III have reduced steady state unemployment by

almost 2 percentage points.

There is no micro-econometric work evaluating the effect of the benefit reductions asso-

ciated with Hartz IV on job-finding rates of the unemployed, mainly because the Hartz IV

reform entailed a significant change in the official measurement of unemployment.39 How-

ever, the available evidence based on structural models of the German labor market (Krause

and Uhlig, 2012, Krebs and Scheffel, 2013) suggests substantial effects of Hartz IV on job

finding rates and equilibrium unemployment. Further, empirical work estimating the effect

of changes in unemployment generosity on re-employment probabilities for Germany using

data before the Hartz IV reform suggests substantial effects (Hunt, 1995), in line with the

38Of course, most of the empirical work on job search assistance is microeconomic in nature and does
not take into account the possibility of negative externalities through equilibrium effects (Cahuc and Le
Barbanchon, 2010), and a recent study by Crepon et al. (2013) has shown that these effects can be substantial
using data for young, educated job seekers in France. However, our calibration is mainly based on the
empirical results of Fahr and Sunde (2009) and Klinger and Rothe (2012), who take a semi-aggregate
approach that accounts for possible equilibrium effects within an occupation or region. This leaves open the
possibility of equilibrium effects across regions or occupations, but these effects are likely to be small in our
case given the low levels of regional and occupational mobility in Germany (see Fahr and Sunde, 2009, and
Klinger and Rothe, 2012).

39This added more than half a million workers to the pool of unemployed between January 2005 and March
2005 (see Bundesagentur fuer Arbeit, 2005) and explains the spike in the unemployment rate in 2005. more
than 80 percent of these added unemployed workers lacked the equivalent of a high school degree.
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findings for the US (Krueger and Meyer, 2002). This literature is reviewed in more detail

Section 4 on calibration.
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Table 1. Welfare Cost of Recessions in Germany

∆ ∆e ∆su ∆lu

Pre-Reform 1.034 1.018 1.194 1.168

Post Hartz-III-Reform 0.903 0.887 1.055 1.037

Post Hartz-IV-Reform 0.941 0.923 1.108 1.089

Post Hartz-III and Hartz-IV Reform 0.827 0.810 0.980 0.969

Note: All welfare changes are expressed as percent of equivalent variations in lifetime con-

sumption. ∆ is social welfare cost of recessions using the utilitarian social welfare weights

µsu = Usu, µlu = Ulu, and µe = 1 − Usu − Ulu. ∆e is the welfare cost of recessions for em-

ployed workers (µsu = µlu = 0), ∆su is the welfare cost of recessions for short-term employed

workers (µe = µlu = 0), and ∆lu is the welfare cost of recessions for long-term unemployed

workers (µe = µsu = 0).
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Figure 1: Quarterly Unemployment Rate, Germany 1970Q1-2012Q4
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Source: OECD: 1970-1990, quarterly unemployment rate for West Germany; 1991-2012,

quarterly harmonized unemployment rate for Germany.

Figure 2: Average Net Replacement Rate, Germany 2001-2010
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Source: OECD: (1) net replacement rates: OECD Tax-Benefit Modes, (2) population

weights: OECD Family Database.



Figure 3: Quarterly Job Finding Rates by Unemployment Duration, Germany 2000Q1-

2011Q2
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Source: Bundesagentur für Arbeit (2011).

Figure 4: Quarterly Job Finding Rates by Unemployment Duration, Germany 2000Q1-

2011Q2
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Source: Bundesagentur für Arbeit (2011).



Figure 5: Unemployment Dynamics in Response to Temporary Separation Rate Shock

(∆ log π(u|e) = 0.097 for 7 Quarters)
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Figure 6: Growth Dynamics in Response to Temporary Separation Rate Shock

(∆ log π(u|e) = 0.097 for 7 Quarters)
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Figure 7: Permanent Output Loss in Response to Temporary Separation Rate Shock

(∆ log π(u|e) = 0.097 for 7 Quarters)
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Figure 8: Unemployment Dynamics in Response to Temporary Separation Rate Shock

(∆ log π(u|e) = 0.340 for 7 Quarters)
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Figure 9: Growth Dynamics in Response to Temporary Separation Rate Shock

(∆ log π(u|e) = 0.340 for 7 Quarters)
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Figure 10: Permanent Output Loss in Response to Temporary Separation Rate Shock

(∆ log π(u|e) = 0.340 for 7 Quarters)
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