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1 Introduction

"Germany came into the Great Recession with strong emplaypretection legislation. This has
been supplemented with atort-time work scheme,” which provides subsidies to employers who
reduce workers’ hours rather than laying them off. Thesesuess didn't prevent a nasty recession,
but Germany got through the recession with remarkably féngeses." (Paul Krugman, 2009)

In the Great Recession 25 out of 33 OECD countries used shwtwork as a fiscal stabilizer. In
countries such as Germany, Italy and Japan more than 2 perfcde workforce were on short-time
work in 2009, leading to fiscal expenditures of more than BobilEuro in each of those countries
(see, e.g., Cahuc and Carcillo, 2011 or Boeri and Brueck¥r1R Yet, our knowledge about the
business cycle effects of short-time work (STW hencefaghimited so far. Using a comprehensive
approach including German micro and macro data as well asE>®Gdeling, we show that STW
works well as an automatic stabilizer but not when used irserdtionary fashion.

Germany has had a long tradition of STW that goes back to ti@'d@nd has used STW also
outside of recessiorts Furthermore, Germany offers rich microeconomic data orutigeof STW in
establishments. Combining this data with the macroecondimie-series makes Germany a unique
case study in order to evaluate the role of STW as a fiscaligeisi®

We are the first to distinguish between the discretionarythe@dutomatic stabilization component
of STW and we show that this distinction is important becahsetwo components can have very
different effects. In Germany, firms can use STW at any tinigesit to a set of rules. In order to be
eligible, a firm has to convince the Federal Employment Agd€fisundesagentur”) that the expected
demand for the firm’s products is lower than its productioteptial and that it thus has to reduce its
labor input? If the Federal Employment Agency approves the STW apptioait partly compensates
workers for their lost income. The purpose of this instrutieto encourage firms to adjust labor input
along the intensive margin (hours reduction) rather tharetliensive margin (layoffs).

Typically, more firms are eligible to use STW during a reamsgihan during a boom. Thus,
similar to the tax system, the institution STW as such cam laaxomatic stabilization effects. Beyond
this, the German government frequently facilitates theaisS8TW in recessions, i.e., there is also a
discretionary component of this policy. Recent articlest thave integrated STW into modern macro
models (Faia et al., 2013 and Krause and Uhlig, 2011) hayecmnisidered STW as a discretionary
policy, while we show that the automatic stabilization came@nt is actually more effective.

We use a combination of micro- and macroeconometric engbiggidence as well as macro-
modeling to make quantitative statements about the acftegdte of the discretionary and the au-
tomatic stabilization component of STW and to provide amnmtetation for the effects. We use
establishment level data to estimate the automatic reaofi® TW with respect to changes in output.
Since all firms are subject to the same rules, we can idehiiyelasticity based on the cross-sectional

1see Figure 1 (solid line) for post-unification Germany arglé 7 in the Appendix for STW usage in Germany back
to 1975.

2Recent empirical cross country studies (Cahuc and Car&ilial, Arpaia et al., 2010, Hijzen and Venn, 2011, IMF,
2010 and OECD, 2010) found positive employment effects kerewestricted to the Great Recession and thus miss this
time-series component. For microeconomic studies withr@erdata see Bellmann et al. (2010), Bellmann and Gerner
(2011) and Speckesser (2010).

3To address fiscal stabilization, the fiscal policy literathas so far almost exclusively focused on fiscal multipliers
of traditional government tax and spending instrumentsnBhard and Perotti (2002), Mountford and Uhlig (2009), and
Briickner and Pappa (2010) use structural VARs for this pgepnd Cogan et al. (2010) or Christiano et al. (2011) use
dynamic stochastic general equilibrium (DSGE) models.

4See Burda and Hunt (2011, p. 297) for an excellent descniticGerman “Kurzarbeit”.



dispersion of STW and value added. This microeconomicieiysis required for two purposes: First,
we use the elasticity as a short-run restriction on the copteaneous variation between STW usage
and output for the identification of a structural vectoraggession (SVAR) in the spirit of Blanchard
and Perotti (2002). Second, it imposes discipline on tharpatrization of our dynamic stochastic
general equilibrium (DSGE) model. While the SVAR allows agstimate the effects of discretionary
policy interventions, the DSGE-model allows us to run a ¢erfactual analysis of an economy with
and without STW and hence, to quantify the automatic statiitin effects. The DSGE-model further
provides an intuitive explanation for some stylized fadtswt STW in the data.

Our SVAR results show that the effect of discretionary ST\Wéiiventions on employment and
unemployment is not statistically significant. However,doeument a moderate stabilizing effect on
output. While this result sounds a cautionary note on disgrary STW interventions, our counter-
factual model analysis shows that STW acts as a fairly stearigmatic stabilizer. In our baseline
scenario, unemployment fluctuations are reduced by 15 peacal output fluctuations are reduced
by 7 percent (compared to the economy without SPW).

Our DSGE model provides an explanation for these differentbe model consists of a standard
search and matching framework with endogenous separaiwhgiring costs in which STW is the
only possibility of labor adjustment along the intensivergia® Workers are subject to idiosyncratic
profitability shocks each period. Whenever the profitapitf a worker is low enough such that
the worker would otherwise have been fired, she is allowedetsdnt on STW. She will be sent
on STW whenever it is more profitable for the firm to keep herealuced working hours rather
than to fire her. By reducing the losses generated by ungtefitaorkers, STW directly reduces
firing. By increasing the value of a job, STW indirectly inases hiring. During a recession more
workers become automatically eligible for STW. This impltbat more of the labor adjustment can be
accomplished through the intensive margin relative to iteresive margin (this is exactly the purpose
of the policy).

We show that discretionary changes in the eligibility efde of STW do not lower unemployment
if they are not used persistently, and, hence do not affeégtdiexpectations. Then, the policy change
basically subsidizes workers that would not have been firgdvay. However, the policy change
may have some effects on aggregate output by reducing thdngaiime of inefficient worker-firm
pairs and by reducing aggregate firing costs. Thus, our apprsuggests that the distinction between
the discretionary and the automatic stabilization compbigevery important. Both the ineffective-
ness result for discretionary interventions and the autionssabilization are new compared to the
existing literature. Thus, at this stage our paper is thetma®prehensive approach to quantify the
macroeconomic effects of STW.

The rest of the paper is organized as follows. Section 2 deatsrsome stylized facts on STW
in Germany. Section 3 presents the microeconometric ege@em STW. Section 4 discusses the
evidence from the structural VAR. Section 5 describespraties and simulates the model. Section 6
concludes.

2 Short-time work facts

While STW programs have been implemented in various castive focus on German data. As
Germany has had a very long tradition of STW institutiongs #tlows us to calculate business cycle

5As laid out in more detail in section 5, the tax system thatilzes the business cycle to a similar degree represents a
much larger share of GDP than STW. Thus, we consider thdigtabieffect of STW as very strong relative to its costs.
6See section 2 and figure 2 for a documentation that this isusile assumption.



facts related to STW. Given this, we do not only provide enaeof the effects of STW in the Great
Recession, but give a more comprehensive picture.

Even though STW has been used before, the year 1975 marksghming of a systematic use of
STW schemes in Germany. Certainly being fueled by the oitkhiand the subsequent recession, the
German legislature passed a law inscribing the future ushaf time work schemes to be targeted
explicitly to back employment, not to insure workers agaimage cuts. In 1975, the legislator also
constituted the reimbursement of workers covered by STVEmsels to b&0% of the current wage.
This law is still in place today.

The German Federal Employment Agency provides a long timessef the number of short-time
workers in Germany at a monthly frequency. The data consfstsmbers for West Germany before
and West and East Germany after the reunification in 1991. dbtee for West and total Germany
perfectly co-move except for a short period after the recatiibn in which STW was heavily used
in East Germany to alleviate the transition from a planned tnarket economy. Here, we exclu-
sively focus on STW schemes that were implemented as fistialy pelated to the business cycle
(‘konjunkturelle Kurzarbeit’). We further obtain the Geam GDP from Deutsche Bundesbank and
use data for employment and unemployment as reported byeitherél Employment AgenéyData
on hours worked is calculated by the Institute for EmploytriResearch (IAB). We consider a post-
reunification sample starting in 1993 as our baseline. TWogda any complications in dealing with
the German reunification break in the data, the heavy use @ Sdhemes in the transition period
right after the reunification and the use of STW compensatidockouts until 1986. We use the long
sample mainly to perform robustness checks of the resuléstalé quarterly averages of all monthly
series, since not all time series data needed for the subskegnalysis is available at monthly fre-
quency. All series are seasonally adjusted using CensuaARIMA procedure.

Figure 1 depicts the fraction of workers that are covered ByWSchemes relative to total employ-
ment from 1993 to 2010 (solid line, cp. Figure 7 in the Apparfdr the period 1975 to today). STW
has been used throughout as it depicts a low, but non-zeraga/®f0.7% in the post-reunification
period (.83% in the long sample starting in 1975). Two large peaks indib&avy use of STW insti-
tutions and, possibly, active discretionary policy famgrthe use of STW. the post-unification period
of the early 1990's and the recent Great Recession (in addithe mid 1970’s and early 1980'’s in
the long sample). About.5 million or 3.8% of workers in Germany were on STW at the peak of the
Great Recession in May 2009. But also outside the seversgieos, the graph documents substantial
variation in the series. In fact, STW usage is negativelyetated with growth in GDP and employ-
ment, hence the business cycle (cp. Figure 8 in the Appendilg contemporaneous correlations
are potentially driven by two effects that are of interesugo the automatic and the discretionary
component of STW.

There are two margins of short-time work: The extensive imargeasures the number of workers
that are covered by STW programs. The intensive margin messhe reduction in hours worked
of those covered by STW programs. Figure 1 shows that thesenvgins are negatively correlated
(with a correlation of—.90). This means that when more workers are covered by STW progra
hours worked of these workers fall, i.e., the more workeesaar STW, the lower is the reduction in
hours worked due to STW. The model that we present in thewallg replicates this pattern over the
business cycle. Note that the product of these two seriesrgis a measure of total hours worked
reduction due to STW. Figure 2 (dashed line) shows that thdtreg series is not constant, but also

"See Flechsenhar (1979) and Will (2010).
8Nominal data is deflated using the CPI index and as a robustiesk also using the GDP deflator provided by the
German Federal Statistical Office.
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Figure 1: The extensive and the intensive margin of STW 1993-2010.€kkensive margin is measured by the log
number of short-time workers as a fraction of total emploginthe intensive margin is measured by the fraction of
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Figure 2: Total hours per worker (solid line) and hours reduction du8TW (dashed line) 1993 to 2010. We
consider annual averages to (at least partly) account éonfluence of institutional tools to adjust labor input
within the year, such as overtime or working time accountthBeries are HP filtered with = 1, 600, the hours

per worker cycle is multiplied with00 for visual reasons



moves over the business cycle. In fact, it strongly comoviéils mours worked per employee in the
economy (with a correlation 6f.69 measured using cyclical deviations from an HP-trend).

For the period that we study, labor input in Germany is adgishore along the extensive margin
than the intensive margthQOutside the large recessions, the extensive margin acctmaboutt3%
of the overall adjustment of labor input. In contrast to thg, the importance of adjustment along the
intensive margin increases in recessions. This was theicgsaticular in the Great Recessior0{o
adjustment along the extensive margin ver8t& adjustment along the intensive margin), as also
documented in Burda and Hunt (2011). The negative coroglati hours worked per worker and STW
that we document in Figure 2 suggests that STW is an impagietetminant of labor adjustment along
the intensive margin. Here, we look at annual averages atragly basis to (at least partly) wash out
the influence of institutional tools to adjust labor inputhim the year, such as overtime or working
time accounts. Complementing our findings, Abraham and efoas (1994) find that the existence
of STW schemes renders the hours adjustment in Germanylgdlealble as the US adjustment in
a study for the 1970’s and 1980's. Burda and Hunt (2011) deosa the hours reduction in the
Great Recession into different sources of adjustment astifgg STW as the most important source
of adjustment. These results reflect the notion that labaketdrictions in Germany are such that
adjustment along the intensive margin is relatively codthg to rigid institutional constraints, e.g.,
heavy working time regulation (“Arbeitszeitschutzge®eta hus, STW is a measure to loosen these
regulations for worker-firm pairs with bad idiosyncraticosks, particularly in recessions. In our
model, we assume for simplicity that STW is the only postibilo adjust labor input along the
intensive margin.

3 Estimating the short-time work elasticity using micro data

In our model, the automatic component of STW describes thetieity of STW usage to changes in
the business cycle when policy, e.g., the legal requiresneohnected to the use of STW, remains
unchanged. Put differently, as the business cycle worselasger number of firms becomes eligible
to STW programs and may optimally choose to use them. We atgithe elasticity of STW usage
to changes in output exploring cross-sectional variattomicro data for recent years. We will use
our estimate of this elasticity as an important calibratiamget in our model and the corresponding
stabilization exercise. In order to be able to do this, theronéstimate of the output elasticity of STW
should at least be similar to the macro output elasticityTohShat the model describes. In the model
that we outline below, the two will be the same. We furtherdheer elasticity estimate to disentangle
the automatic and the discretionary component of STW padtitite structural VAR.

We employ the Institute for Employment Research (IAB) Elitment Panel, a representative
German establishment level panel data set that surveysriafmn from almost 16,000 personal inter-
views with high ranked managers. The IAB panel containsrinfdgion on the number of employees
in STW in each firm in four waves: 2003, 2006, 2009, and 210he number of short-time workers
in each firm is measured in the first half of ygarin order to abstract from firm-size, we denote
short-time workers relative to the total number of emplaye&thin a firm. This is also consistent
with our time-series measure and the definition of STW usaglee model. Note that the fraction of

957 to 43% if measured using the cyclical component of hours and ernpémy filtered with the HP filter with =
1,600. Reicher (2012) shows that the extensive margin is most fitapbfor labor adjustment in most of the continental
European countries.

19This dataset is widely used in a number of different studies, for example Dustmann et al. (2009). Data access
was provided via on-site use at the Research Data Centre)(6lHe German Federal Employment Agency (BA) at the
Institute for Employment Research (IAB) and subsequemrtiyate data access.



short-time workers in employment can be zero for a given fiftrus, we include firms without STW

into the sample. Firm-level output is measured as the eggdaelvenue in periotimeasured in period

t — 1. We use this measure for three reasons. First, we arguehikastthe relevant measure the

firm uses in the STW decision (firms apply at least three modiiare they use STW). Second, this

variable reflects the notion that firms have to show their riee8TW, i.e., a danger of a reduction in

labor input due to a fall in revenue, already in their appi@ato the employment agenéy. Third,

using expected revenue avoids a potential endogeneitygonoim the estimation as the use of STW

in periodt affects current profits in period but not current revenue or previously expected revenue.
In a linear baseline specification, we explain the fractibshmrt-time workers in employmennt;

by expected revenue (in logg), using firm fixed effects

Yit = XitP1 + o + v + 24t B2 + uiy. (1)

Hence, we only use within-firm variation over time in orderdstimate the effects of changes in
log revenue on changes in the use of STW. The firm-fixed effectontrol for time-invariant firm-
specific effects in our estimation. STW policy in Germanyyigitally implemented at the federal
level. Hence, STW policy changes affect all firms homogesoover time. In order to rule out that
we pick up policy changes in our estimation, we further idelyear-specific effects;,. The error
termu;; is white noise. Since time-varying firm-specific effects naégo play a role in the estimation,
we add the number of employees in the previous year as a negafdime-varying firm size. The term
z;; denotes the vector of additional control variables, ilee, number of employees of the previous
year and an industry dummy. Table 1 documents the estimadguits. Across linear specificatioris (
to 4), the effect of changes in expected revenue on STW use issphgestimated to range between
—2.80 and—3.36.

Our linear specification ignores an important feature irddia. The firm takes two decisions with
respect to short-time work: First, whether to use STW or patt{cipation decision) and, second, how
much STW to use. In fact, across our sample, @ of all firms use STW on average, while for
the others the number of short-time workers is zero. We tber@stimate two further models, a Tobit
model and a Heckman selection model that take these naarilies in the data into account. The
Tobit model deals with the censored data, but does not mbdgparticipation decision. Following
Wooldridge (2010, p. 835), we estimate a Tobit model with dixdfects using pooled Tobit and
Mundlak termst? We report average censored marginal effects, as theseedpéLeffect of a change
in log expected revenue on the actual number of short-tinmevs in firms using STW and firms not
using STW. Our estimate ranges betwee?32 and —2.86 (specifications to 7). Again, we find
significant results at th&% level.

Different from the Tobit model, the Heckman selection masggdlicitly models the participation
decision. In particular, we need to argue why and how thesdatiof a firm of whether to use
STW or not is determined differently from the decision on hmany short-time workers to use.
A panel version accounting for individual fixed effects igided in Wooldridge (1995} We use
the fraction of firms applying STW in the firm-specific indyssector as the exclusion restriction to

Hsee http://www.arbeitsagentur.de/zentraler-Contendivicke/A06-Schaffung/Publikation/V-Kug-101-Anzeig
Arbeitsausfall-ab-01-2012.pdf

12ps introduced by Mundlak (1978), we include firm-specific meaf explanatory variables to capture permanent level
effects in our estimation.

Estimation is straightforward by first estimating a profuit the selection in STW separately for each yearn a
second step, we run a pooled OLS regression on the selectgaiesaccounting for the inverse Mills ratios from step one
and time fixed effects. We correct for firm fixed effects by uthg Mundlak terms and obtain standard errors using a panel
bootstrap. See Wooldridge (2010, p. 835).



log exp. derived yearfixed employees industry observations
revenue elasticity effects in firm

Linear fixed effects

(1) —2.802***  —4.003 39,545
[0.306]

(2) —2.968**  —4.240 yes 39,545
[0.299]

(3) —3.131"**  —4.473 yes yes 31,824
[0.342]

(4) —3.363***  —4.804 yes yes yes 28,671
[0.382]

Fixed effects tobit

(5) —2.319**  —3.313 yes 31,824
[0.286]

(6) —2.614**  —3.734 yes yes 31,824
[0.311]

(7) —2.856***  —4.080 yes yes yes 28,227
[0.333]

Fixed effects heckman

(8) —4.972** —7.103 yes 31,824
[2.57]

(9) —4.87 —6.957 yes yes 35,264
[2.75]

(10) —5.49** —7.843 yes yes yes 34,642
[2.84]

Table 1: Elasticity estimates. Dependent variable is the numberoskers in STW over total employees in the firm.
*** denotes 1% significanc®&; denotes 5% significancé,denotesl 0% significance.

identify our Heckman model. We argue that a large fractiodiigfct competitors using STW increases
the individual firm-specific probability of using STW (as teegma of admitting the need of STW
is gone), while it does not drive the firm-specific number ofrfkeos in STW. Indeed, substantial
variation in this variable exists across industries and we $ignificant effects on the STW decision
in our estimation. Across Heckman specificatiohis(10), our estimates range from4.97 to —5.49.
Our estimates are significant, at least at1bg level.

Since we have estimated the automatic feedback effectsaobes in expected revenue on the use
of STW in levels, we transform this estimate into an elasstiby dividing it by the average STW use
in the sample of interest. For our baseline sample of 1993@DQ4 this corresponds to dividing
by an average STW use 6f7%. We report the derived elasticity estimates in the secohthuo of
Table 1. Our most conservative estimate of the STW elagtéaitoss specifications is3.31, while
we obtain—7.84 at maximum.



4 SVAR evidence

Key to the VAR exercise is to disentangle the effects of kesincycle shocks from the effects of
discretionary policy changes on the use of STW and other @@aonomic variables such as output
and employment. The challenge when identifying these tiextf is that we do not explicitly observe

exogenous changes in STW policy. The reason is that STWydsleffective along many dimensions,

e.g., with respect to the eligibility criteria of firms (whi@re weakly defined and can potentially be
interpreted very differently), the legal allowances of theation of workers in STW, or the degree to
which the government can additionally reduce the firms’ tioat is related to the use of STW (e.g.,
through covering social security contributions of workerSTW, see Bundesministerium fir Arbeit

und Soziales, 2011 and also the discussion in Section 5i08ecfl documents how we identify STW

shocks in a structural VAR, Section 4.2 documents and déssutghe results. Section 4.3 provides
robustness checks.

4.1 Identifying short-time work shocks in a structural VAR

To identify business cycle and discretionary STW policycitsoin the data, we estimate a structural
VAR with a short-run restriction in the fiscal VAR traditiorf Blanchard and Perotti (2002). The
general VAR setup is based on a reduced-form estimation of

Y; = B(L)Y;—1 +uw;, t=1,..T,

whereY; is aN x 1 vector of endogenous variables, and the lag polynofidl) representsV x N
coefficient matrices for each lag up to the maximum lag lergtihe reduced-form innovations are
denoted by theV x 1 vectoru;, which are assumed to be independent and identically folisérd
with mean zero and covarianég,. We now seek to identify the underlying structural shogkom
transforming the reduced-form innovatiomsusing a transformation matrix such that

A’U,t = €t.

The structural innovations; are assumed to be orthogonal wih diagonal and hence allow for an
economic interpretation. Without loss of generality, wemalize the diagonal elements &f, to
unity. From orthogonality and normalization, we obtaif{ N + 1)/2 restrictions to identify theV?
elements of the transformation matrix In order to exactly identify this matrix, we ne@d(N —1)/2
additional restrictions in order to obtain the underlyitigustural shocks. In a simple bivariate VAR,
we hence need one additional restriction in order to find

Blanchard and Perotti (2002) seek to identify the effecsstiock in fiscal policy on output, hence
the output multiplier. The main difficulty is then to disemgge the co-movement in the policy variable
(government spending or tax revenue) and output that is @beitiness cycle shocks from the one
that is due to discretionary policy shocks. Key to the id@ation is the assumption that policy reacts
with an implementation lag to changes in output which seemeasonable assumption in quarterly
data. All contemporaneous covariation of the policy vddand output can then be interpreted as the
automatic feedback effect of the policy variable to the bess cycle. We call this the output elasticity
of the policy variable. The baseline estimation in Blandhemd Perotti (2002) assumes this elasticity
to be zero. This appears to be a reasonable assumption imtkeo€ government spending. In the
case of tax revenue, in contrast, there may be automatibdekdffects from the business cycle to
the policy variable. As pointed out by Caldara (2010), gitlemestimated parameters of the VAR, the
value of this output elasticity of the policy variable is anmportant determinant of the identification
and hence the output multiplier itself. We look at the efaaftdifferent values of this elasticity below.
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In the tradition of Blanchard and Perotti (2002), we meadswsiness cycle shocks as shocks to
output. These shocks could then be interpreted both asysapdemand shocks driving the business
cycle corresponding to the formulation in the model presgnh section 5. We then use a short-
run restriction in order to disentangle the dynamic effeftsusiness cycle shocks from STW policy
changes on the use of STW, output and employment. In line eithmodel, positive STW policy
shocks can be interpreted as exogenous, unexpected claoiggsarious dimensions of STW policy,
such as enhanced eligibility to use STW or a reduction in tiscassociated with STW usage. To
identify these shocks in the data, we replace the policyatégiin the setting of Blanchard and Perotti
(2002) with our measure of the fraction of short-time woskieremployment over time. As the series
plotted in Figure 7 suggests and the model in Section 5 raiimes , STW institutions are always in
place and we should hence expect automatic feedback effeatsa business cycle shock to STW
even when policy has not changed. This means that the éastfiSTW usage to output is potentially
non-zero.

Given that we know the value of this elasticity, how does thertsrun restriction work? As
discussed above, STW and GDP are negatively correlated.id€héfication now decomposes this
negative correlation, or more precisely the estimatedriavee of the two variables in the VAR, into
two components, the business cycle and the policy compottuitively, if the imposed automatic
feedback effect from the business cycle onto STW is negatiggarge, the effect of the policy shock
on output is small. In fact, if the negative automatic feexkbeffect is larger in absolute value than
the negative covariation, the effect of policy shocks orpatibecomes positive on impact. We show
below that this is indeed the case in our baseline specditati

4.2 Results

In our baseline estimation of the effects of business cylwtelss and exogenous policy changes, we
specify a VAR with three variables: the fraction of shomi workers in employment (in logs), GDP
growth and the log unemployment rate. We specify GDP in gnaates, since unit root tests suggest
that this variable has a unit robt.In addition, we use GDP growth as measuring the business cycl
component of this variable, hence something that we can awmmio the output of a model with a
constant steady state as the one in Section 5. We estimatedihesd form VAR as described above
with four lags in the specification. We then use the formatiehship between the output elasticity
of the policy variable and the coefficients in the matrixderived by Caldara (2010) in order to
implement the short-run restrictions. Note that we havemeded the automatic feedback effects of
the business cycle on the use of STW in levels rather thaniftotige micro data. Hence, we need to
transform this estimate into an elasticity by dividing it the average STW usage in the sample of
interest. For our baseline sample of 1993Q1-2010Q4 thidieiy corresponds te-3.31.

Figure 3 shows the quarterly responses of output, STW usatjareemployment to positive one-
standard-deviation shocks in output and polityNote that the output response is plotted in growth
rates, not in levels. The confidence intervals defi¢t bootstrapped bands that were calculated in
line with Kilian (1998). The left column of Figure 3 shows tresponses to a positive business cycle
shock. After this shock, output increases, while STW fafecting the imposed short-run restriction
of the automatic feedback effects along the business cyeiemployment falls in a boom. The right
column of Figure 3 depicts the responses to a positive STWéypshock. After a positive policy
shock, STW is used more. Since we have not imposed any tasiran this response, it is reassuring

¥ the case of unemployment, unit root tests give ambiguesslis. If unemployment was integrated, it is clearly not
cointegrated with GDP. In line with the model and the litarat we treat unemployment as a stationary variable.
BFigure 10 in the Appendix plots the estimated shock series time.
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Figure 3: Impulse responses to output and STW policy shocks. SVARastid with log STW per employed
workers, GDP growth and the log unemployment rate for 1998(2D10Q4. Quarterly responses to a positive
one-standard deviation shock. Confidence interval9@febootstrapped bands with 10,000 draws.
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that it is in fact positive. Output does not show any signiftdenpact response to a policy shock, only
after two quarters we observe a slight increase.

Strikingly, the unemployment rate does not significantlgicteto a STW policy shock. This is
a surprising result, as a discretionary fiscal policy thatfiially aimed at supporting employment
does not seem to have a significant effect on this variablatisBtally, this result reflects the fact
that business cycle shocks do not explain enough of the imegatvariation of unemployment with
output and the positive covariation of unemployment withABTisage. As a consequence, policy
shocks do not have any significant effect on unemploymentiwbibntrasts the explicitly stated goal
of this policy. Our model in Section 5 provides an interptietaof this result: temporary discretionary
changes in STW policy do not affect future expectations aedefore hiring and firing decisions in a
significant way. We document robustness of this result below

Above, we have discussed the importance of the imposed-sirorestriction for the output elas-
ticity of the policy variable. Given this, we would like to &w how different assumptions about this
elasticity affect the results, in particular the estimatesponses of output and unemployment after a
policy shock. Figure 11 in the Appendix compares these resgofor various values of the elasticity.
Varying the elasticity does affect the impact response oPG®the policy shoc¥. In line with our
intuition from above, the more of the negative correlatietween output and STW usage is explained
by the automatic feedback effects, the larger and possilsitipe are the effects of the policy shocks
on output. In fact, if the automatic feedback effects aratietly large, output significantly increases
on impact. If they are zero or positive, output falls, sigrafitly in the latter case. The effect of
policy shocks on unemployment behaves similarly when waryihe elasticity. Unemployment falls
for relatively large negative elasticities and increaseszéro or positive elasticities. However, except
for very strong positive elasticities, these effects aténalgnificant. If we consider variation of the
elasticity between-2.90 (corresponding to our most conservative estimate in colanenof Table 1
plus the estimated standard deviation)}{.56 (corresponding to our largest Tobit estimate minus the
respective standard deviation) and1.90 (corresponding to our largest Heckman estimate minus the
respective standard deviation), the responses of outgltiaemployment to policy shocks change
very little.

4.3 Robustness

We address the robustness of our results along various diorenn Table 4 in the Appendix sum-
marizes the results of our robustness chéékMost importantly, we consider if the two recessions
in our sample reflect different dynamics in the response typshocks than more normal times.
In other words, there may be business cycle asymmetriesftieat our identification of the dynam-
ics. In order to address this, we estimate our baseline fegpa®mn including recession dummies for
1991Q1-1993Q1 and 2008Q1-2009&52This does not affect the results in any significant way.

As argued above, identification of STW policy shocks is difficas it potentially works along
many dimensions and we do not directly observe policy chen@ae exception is the legal maximum
period of eligibility for a particular worker in STW. We hauwformation about this for our baseline
sample, Figure 12 in the Appendix shows a plot. One may assoperiods with legal changes to this
maximum period as episodes of particular political focusSIW schemes. In order to exclude the
possibility that STW policy was conducted in a systemaljcdifferent way together with these legal
changes, we incorporate a dummy controlling for these absimgo our VAR. This is similar in spirit

5This is similar to what Caldara (2010) has shown in the casaxo$hocks
More detailed results are available upon request.
18We measure recessions, also in the long sample, as peakigh twbthe GDP series that is HP-filtered with= 1, 600.
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to Blanchard and Perotti (2002) who incorporate a dummy &otigularly large tax reforms into their
fiscal VAR. Table 4 in the Appendix shows that our results afmist to controlling for legal changes
this way.

In our model, business cycle shocks are measured by chamgrggut or labor productivity.
Table 4 shows that our results are robust to replacing GDR @DP per employed worker in the
specification. This result may reflect the fact that reldivenproductive workers work short-time,
while relatively productive workers continue to work fuline or even increase their labor input.
Hence their weight in aggregate productivity increases. al¥le use the GDP deflator provided by
the German Statistical Office instead of the CPI to deflatpuiutThis does not change our results
substantially. In order to consider the robustness of tleemployment response to policy shocks, we
replace the unemployment rate by employment and total hearked respectively® As unemploy-
ment, both variables react insignificantly to the policy @hoClearly, policy shocks do not have a
significantly positive effect on hours or employment. Odtdaes not react significantly to policy
shocks in this setup.

One may wonder whether our identified shocks pick up the &sffetother shocks that are im-
portant for the macroeconomy. One candidate are shocksdvat future information about the
business cycle, so-called news shocks. In order to cortrdh& presence of news shocks or any type
of anticipation effects in the economy, we include a busiremnfidence indicator (the ifo business
climate index published monthly by the ifo Institute for Boonic Research) into our specification.
With this indicator, both unemployment and output do nottesignificantly to policy shocks. An-
other candidate shock that may be captured in the businets siyock is a monetary policy shock.
In order to control for these shocks, we further include titerest rate as measured by the 3-months
money market rate from Deutsche Bundesbank into the spataific Table 4 shows that including
the interest rate into our specification does not change agglime results.

Finally, we consider the long sample which covers 1975 td2@&tarting our estimation in 1975,
we capture important economic events such as the oil cris¢sei data. However, we also face
a severe structural break in the macroeconomic data duestG#nman reunification in 1991. To
eliminate the level effect in the data, we regress the groaths of GDP and unemployment on a
reunification dummy. We further account for a general stmaitbreak in the VAR using a broken
constant before 1991 and afterwards. In order to circumpetdntial problems with the heavy use
of STW in eastern Germany directly after reunification fagens not related to the business cycle,
we only use STW data for West Germ&fySince the mean STW usage in the long sample is higher
than in the short sampld.83%), we correct our elasticity estimate down+®.79. Note that our
elasticity estimate stems from micro survey data for thes/2a03, 2006, 2009 and 2010. Thus, our
estimate possibly deviates from the true elasticity edtritathe long sample. This is less of a concern
in the short sample. In addition to estimating our baselpecHication in the long sample, we also
add recession dummies (1973Q1-1975Q2, 1980Q1-1982Q2Q1199993Q1 and 2008Q1-2009Q2).
Table 4 shows that the results are quite similar to the orms the short sample. In contrast to
the short sample, output does not show any significant iseeeanymore. Unemployment increases,
even though mostly insignificantly. This documents that mvtaking into account early recessions,
discretionary STW policy has on average not been very saftdés stabilizing employment or output
in recessions.

19The series for total hours worked is provided by the GermatisSical Office.
20aAs mentioned above, the series for the number of short-tirkevs in total and West Germany excluding the reunifi-
cation period have a strong correlation0od9.
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5 A labor market model with short-time work

5.1 The model
5.1.1 Model description

Our paper aims at quantifying the effects of the automatbikzation and the discretionary com-
ponent of STW. While the SVAR has shown the non-effects ofrdigonary policy changes on
(un)employment, it is silent about the underyling econonaittonale and the automatic stabiliza-
tion effects of STW. Thus, we need a model that integratesitapt institutional features of the
German economy (firing costs and collective bargaining)dioser credible results and a model that
is rich enough for quantitative analysis (calibration teraeconomic evidence). To keep the model
tractable, we need to make some simplifying assumptions.

First, we assume that STW is the only way to use the intensasgim of labor adjustment. This
assumption can be justified on the grounds that in normalstithe extensive margin is far more
important than the intensive margin (see Section 2), whileléep recessions, STW plays a very
important role in flexibilizing the intensive margin. SeerBa and Hunt (2011) for a decomposition
of labor input adjustments for the Great Recession. Howeveleave the role of other instruments
to flexibilize the intensive margin (e.g. working time acoguor future research. This issue would
be worrisome if we calibrated our model such that STW is rasjtde for the entire intensive margin
adjustment in deep recessions. However, we use micro-datalibrate our model based on the
cross-sectional elasticity of STW with respect to output.

Second, the data shows that only a small share of firms usesi8Téduce the working time
by 100 percent (most reduce hours by a lot less). To replitédefeature, we assume that firms are
subject to convex costs of reducing the working time and ideogome institutional underpinnings.
But we do not provide any deeper microfoundation for the nleskfirm behavior.

Third, we assume that wages are determined on the colldetieé(which is true for the majority
of contracts in Germany) and that the wage for a full-timekeoiis unaffected by the STW decision
of the firm (although a working time reduction obviously reds the paid-out wage). Our choice is
inherently model consistent. But in reality there may beri@sting decision processes at the firm level
of how STW affects bilateral surpluses and how these sugplase shared.

For normative work, it is certainly crucial to have bettercmioundations for the last two com-
ponents. However, we consider these limitations as beirsgpadnd order for our purposes, namely
the quantification of the automatic stabilization compdraerd a possible interpretation of the SVAR
results. We are not only able to calibrate our model to thetielty estimated in Section 3. The model
does also a very good job in replicating the business cydwufes of the extensive and intensive
margin of STW. In addition, it offers a plausible explanatifor the SVAR results.

Some more words on the rest of the model are in order: We use#reh and matching framework
of Diamond (1982) and Mortensen and Pissarides (1994) teehjol findings and endogenous job
separations assuming that worker-firm pairs are subjeditsyincratic shocks. We integrate two
institutional features into our model that are prevalentanntries with STW. First, we assume that
wages are bargained collectively. Second, we assume liiniegr costs. We check for the robustness
of our results, by changing the bargaining rule and by varyire level of firing costs.

The timing in the model is as follows: First, agents in theremay learn about the level of
aggregate productivity. Second, unemployed workers bdar@ job and firms post vacancies. Third,
the matching function establishes contacts between werked firms. Fourth, new contacts and
incumbent workers are hit by an idiosyncratic shock. Fiftte wage is determined. Finally, firms
make their endogenous separation and STW decisions, bagshd wiosyncratic shock realization.
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5.1.2 Separation and short-time work decisions

Since STW is targeted at reducing separations, we startiiyirdgthe separation decision and show
how it is affected by STW. As is standard in the literature wdagenize separations by assuming that
the profits generated by a worker depend on the realizatiam adiosyncratic shock;;. We assume
that the idiosyncratic component is additive and has thepnétation of a cost-shock. Additivity has
the advantage that there are worker-firm pairs that may geneegative contemporaneous profits,
even with a zero wage (i.e., it allows to model extreme idigsgtic shocks). %textbfCM: Just a try:
But | am not sure if we should advertise this that openly? CM $éllt sich The shock; is drawn
from the random distributiop(e) and is i.i.d. across workers and time We will first descrite$TW
decision and then the firing decision in this economy bectheséatter depends on the former.

The value of a worker with a specific realization of the idiosatic shoclk;, who is not on STW,
is given by

J(et) = ar — wy — e¢ — ¢ + BE Jpq1, (2)

wherea; is aggregate productivityy; is the wage of the worker; is a fixed cost of production; is

the discount factor and;; the expected value of the worker next period (see equatidnft the
definition). The fixed cost of productianwas introduced by Christoffel and Kuester (2008) as a way
to generate the large volatility of unemployment over thsifiess cycle found in the data, without
resorting to wage rigidity or using a small-surplus calitoma.?

We assume that the government defines an eligibility coitetl, for STW such that only workers
whose value is below that threshold are allowed to be sentToh. $Vith this modeling choice we
try to replicate the German rule that says that any firm that f§nancial difficulties” can apply for
STW. We define financial difficulty as an expected labsvea certain threshold.

ay — wy — ¢ + BEJi1 — ¢ < Cp. )

We interpretCy as a policy instrument. By loweringy, the government makes the eligibility
criterion more stringent and, thus, directly reduces thalmer of workers on STW. In our benchmark
calibration, we assum€, = — f, wheref is the cost of firing a worker. This assures that only those
workers are allowed to be sent on STW that would otherwise heen fired? When quantifying
and simulating the model in section 5.3, we show the effefdizsosening the eligibility criterion, i.e.,
of increasingCy.

Based on equation (3) we can define a threshold-level fordibeyincratic component,

vf = ay — wy + BE 41 — ¢ — Co, (4)

such that workers with; < vf work full-time, while workers withe; > v/ are allowed to be sent on
STW.

When a worker is eligible for STW, the firm has the option taiatiplong the hours margin. With-
out any further restrictions, firms would choose 100% STWuioprofitable workers in our model.
However, in the German case a 100% working time reductiorxti®mely rare® Therefore, we
assume that the optimal working time reductiinis subject to convex STW cos€s (K (g;)), with

21See Costain and Reiter (2008) for a discussion.

ZNote that forCy = — f, equation (3) coincides with the firing condition of an e@lént model without STW.

ZFrom 1993-2010, 44% of all employees who used STW in Germadyaed their working time up to 25%, 33%
between 25 and 50%, 8% between 75-99% and 8% to 100% (Sowderdf Employment Agency).
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%(S)) > 0 and %&%’2 > 0, which assures interior solutiod$. There are many institu-

tional reasons in Germany for such a convexity. First, altfiothe employer reduces the labor costs
with STW, the reduction is not necessarily proportionalhte working hours reduction because the
employer has to pay the social security contributions ferfthl time equivalenZ®> Second, the im-
plementation of STW must be approved by the workers’ cofficAs long as there is no approval,
workers have the right to obtain their full wage. Workersuuooils are generally more willing to
approve small working time reductions than larger workingetreductions because employees only
receive a partial compensation for their wage loss. Our @omdjustment function is obviously a
short-cut for the interaction of many factors (besides tistitutional features, the shape of the pro-
duction function or variable capital utilization may matie reality). Focusing on just one of those
factors and thus microfounding it further may lead to ovesilpplistic outcomes. We defend our
short-cut based on its empirical performance. We will showhie simulations that our model repli-
cates the cyclical movement of the number of workers on STWthe average hours reduction due
to STW very well.

Thus, the firm chooses the optimal level Bf by maximizing the contemporaneous profit of a
worker on STW:

maxm:(at—wt—et) (1—K(€t))—C—C(K(€t)) (5)
K(et)

Note that the reduction in working time does not only redue dutput of the worker but also
reduces the wage payments and the idiosyncratic cost. Hawig\does not reduce the fixed cost
which is independent of the production level. We impose altata functional form for the costs of
STW

1
C(K (&) = CK§K (5t)2~ (6)
This implies that the optimal degree of STW for a givgiis:

at — Wy — &

K () = 2= ™

Naturally, the lower the profitability of a worker, i.e., thgher the realization of;, the higher
the working time reduction%%f) > 0). We can now describe the firing decision of the firm, which
depends on the working time reductiégn. Workers are fired if the losses they generate are higher
than the firing cost:

(ar —wy — &) (1 = K (e¢)) = C (K (1)) — ¢+ BEJey1 < — f. (8)

This defines a firing threshokzif at which the firm is indifferent between firing and retaining a
worker:

EMi1Ji f ¢ (K (vf ))
1—K(v{> 1—K<v{) 1—K<v{).

Zpssuming a linear cost function would imply corner solutiphe. workers either work full time or reduce hours by
100%.

%See Bach et al. (2009) who show that these institutionalifeatgenerates a convexity in the cost of STW. See also
Boeri and Bruecker (2011)

%German labor law makes it mandatory for firms from a certaia shwards to allow their employees to elect represen-
tatives ("Betriebsrat," in English: workers’ council).

(9)

v{:at—wt—c—i—
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Thus, the endogenous separation rate is

o= [ 9teden (10)

t

and the rate of workers on STW is ;

Vi
Xt = / g (57&) d&t. (11)
vy

All the workers above the threshotd are eligible for STW, but workers abové are so un-
productive that they are fired despite the possibility todsérem on STWE Note that STW exists
in this economy ifv{ > of. This is the case as long as STW costs are not prohibitiveli. hif
cx approaches infinity, then from equation 7 it follows th&t= 0, i.e., firms do not use STW. In
this case the STW cutoff and the firing cutoff are identim{l:: vfF. This limiting case provides us
with the model that we use for counterfactual analysis inrthmerical part. lfcx is smaller than
a; — wy — ¢, the firm optimally reduces hours worked for those on STW to.zk that case, no firing
occurs. For the value afx that we calibrate, the working time reduction for those omM&Will be
strictly between zero and one.

From equation (9) it follows that positive values &f affect the firing cutoﬁv{ positively due
to a direct effect and a reinforcing indirect effect. The king time reduction directly reduces the
losses generated by a worker and thereby makes the firm moctarg to fire a worker. At the same
time, the possibility to reduce the future losses generayealworker increases the expected value of
a worker, which indirectly lowers the incentives to fire. Beafffects shift the threshold; upwards
relative tov;, and imply both a positive range of workers on STW and a smadiege of workers
being fired compared to the situation in which= v;,.?

It should be noted that the existence of STW in our model doedepend on the exact bargaining
regime, nor on the assumption of positive fixed costs anddogfcosts. We need the fixed costs of
production to calibrate our model to the estimated micesttity of STW with respect to output.
And we add firing costs and collective bargaining to repéiqaialistic European institutions. But even
if f = ¢ = 0and under efficient individualistic bargaining, some waskexist who would generate
contemporaneous losses, but who would not be fired becaeidesges they generate are not greater
than the future value of a worker (which is always positi&).even in this setup, some firms have an
incentive to use STW.

It should further be noted that it is both in the interest & fiim and the worker to use STW.
The firm is free to choose the optimal working time reductios.,, it will only use a positive level
of STW if this increases profits. Although workers have noickan our model, they gain from the
use of STW as well. Under the conditiatyy = —f only workers who would otherwise have lost
their job go on STW. Consider a worker with operating costihdlly above the firing threshold in the
model without STW. With STW her income td¢ + (1 — K)w, while without STW her income is
simply b due to unemployment. Thus, a worker on STW earns at least ak asian unemployed
worker (since wages are larger than unemployment benefitsthermore, the worker on STW has
the continuation value of an employed worker, while the fingitker has the continuation value of
an unemployed worker which is unambiguously lower. ThusWSimproves the flow value of the

2’See Figure 9 in the Appendix for a graphical illustrationtaf distribution of the idiosyncratic shock and both thrégho
values.

%Note that the increase ifi .1 also indirectly shifts the STW threshold. However, the désd direct effect is missing
and therefore; shifts by more tham?.
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worker. Put differently, the participation constraint b&tworker is not violated and he will not quit
due to STW.
We are now in a position to define the expected value of a wobfore the realization of is
known:
v

Jiy1 = (11— ¢x)/ (@11 — i1 — €141) 9(€41)der 41

—0o0

+ (1—¢") /:tﬂ (@1 — wir1 — €41) (1 = K (e141)) — C (K (e441))] 9 (441) dergr

t+1

—(L=¢t41) e = (1= ¢") dipr f+ (1 = ¢r41) Erp1Aiqadiro. (12)
Here,

bri1 =" + (1 = ¢") 141, (13)
is the overall rate of job destruction, which depends on titkogenous rate of job destruction defined
in (10) and on the exogenous rate of job destructidridue to quits).

The first integral in equation (12) is the expected revenuerarkers who work full-time. The
second integral is the expected revenue of workers on STV¢, ke need to take into account that
these workers have reduced working time, but that the firmtdnascur the cost of STW. The fixed
cost has to be paid for all employed workers. The firing costthde paid only for endogenous, not
for exogenous separations.

5.1.3 Matching on the labor market

While we have focused on the firing and STW decision of the firfag we now establish the market
driven variables. Matches; are determined by a Cobb-Douglas matching function

my = pugvy (14)

whereu; is unemploymenty, are vacancies and is the matching elasticity with respect to
unemployment. The parameter> 0 is the matching efficiency. We assume free entry of vacancies
The worker-finding rate; (i.e., the probability of a firm to fill a vacancy) is

q = pb; %, (15)

wheref; = v, /u; is the labor market-tightness. Consequently, the job4figpdater; (i.e., the
probability of an unemployed worker to find a job) is

= pd; " (16)
The present value of a vacancy is defined as
Vi=—k+BEqiJii1 + BN (1 — q1) Viga 17)

whereJ, is the value of a job and are the vacancy posting costs. Free entry implies that iitiledum
Vi = 0V t which simplifies the above equation to

Kk = BEqiJii1. (18)
Thus, in equilibrium the vacancy posting cost has to equalettpected payoff of the vacancy,
which consists of the probability to find a worker and the eafia successful matcH.

2Note that we have assumed that new matches are also subjdizisgncratic shock and thus the the separation risk.
This is already incorporated in the defintion.bf
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5.1.4 Employment evolution

The evolution of the employment rate (= 1 — u;) in this economy is described by

ne=(1—¢)ne—1+n (1 — ) (1 —my1). (19)

Thus, the employment rate in the current period includekarsrof the previous period who did not
get fired and unemployed workers who got newly matched. Nhatealso new matches are subject to
the separation risk. Workers on STW are treated as emplaypedesponding to the official German
employment statistics (although they only work part-time)

5.1.5 Wage bargaining

Finally, we specify wage formation. We assume that the wadeargained between the firm and
the incumbent worker for whom the realization of the opeatiosts equals its expectation of zero.
The foundations of our median bargaining model are simd@ahose of a median voting model (with
unions and employers’ association who are the major plafée&rman wage negotiation¥).Hence,
wages are set collectively, and not individually for eaghThe median firms’ proff (with operating
costs zero) of a match is

Fy=a; —wi —c+ BEL (1 — dr41) Jit1. (20)

In case of disagreement, production will come to a halt, aarddining will resume in the next period.
This bargaining setup is described in more detail in Hall Efidgrom (2007) and used in Lechthaler
et al. (2010) or Christiano et al. (2012). It is especiallsgysible under collective bargaining since it
is unlikely that all workers become unemployed in case okaglieement. Thus, the fall-back option
of the firm is

Fy = —c+ BE; (1 — ¢441) Jey1- (21)

The median workers’ surplug’; from a match is

Wi = wi + BE; (1 — ¢pq1) Wi + BErdr1Us (22)

whereU, is the value of unemployment. The workers’ fall-back optiorder disagreement is then

Wi = b+ BE; (1 — ¢r1) Wit1 + BEibr11Us11. (23)

This means that in case of no production, workers are asstormatain a paymerit, which is equal
to the unemployment benefits in the economy.
Defining~y as workers’ bargaining power and maximizing the Nash prolietds the following
wage equatiod?
wy = yay + (1-7)b. (24)

In the numerical section, we will check for the robustnes®wf results by using a wage rule
which includes the market tightness in the wage.

30according to OECD (2012), the collective bargaining cogeran Germany was 72 percent in 1990 and 62 percent in
2009.

3INote that the median firm does not use STW (empirically, oril#®of German firms use STW on average).

%2When we use a (distortionary) proportional income taxes inkastness check, the tax shows up in the bargaining
equation.
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5.1.6 Government budget constraint

The government has a balanced budget and finances STW esp@mdeunemployment benefits
through a lump-sum tax:

f
Ui
bny /k K (g¢) g(e)dey + buy = Ty. (25)
Ut

5.1.7 Equilibrium and aggregation

The labor market equilibrium is defined by equations (4), (8), (10), (10), (11), (19) and (24).
Aggregate outputY) in our model is defined as

of

i = (1-¢7) [nf / (@ == g()de+nf [ 7 (1=K (e0) (o - 1) g (=) e

— k
[e. 9] Uy

—nf (1—=¢1)c—(1—9¢%) nfg(bff — VK. (26)

with n? = n;_1 + n: (1 —ny_1). Aggregate output equals production minus resource costs.
Since our model does not contain any other aggregate denmamplonents, aggregate output equals
aggregate consumption in our model.

When determining production we need to take account of ttheatéon in working time of workers
on STW and the idiosyncratic shock. The resource costsdeclacancy posting costs, firing costs
and fixed costs of production.

5.2 Calibration

We calibrate the model to the German economy. Table 2 surmesadur parameters and our cali-
bration targets. The quarterly discount factois 0.99, which matches an annual real interest rate of
4.1%. We assume logarithmic utility in consumpti¢gm = 1). Following Christoffel et al. (2009),
we target a steady state value for the quarterly worker fqdite g of 70% and a separation rate
of 3%. As in Krause and Lubik (2007) one third of separations isogedous, whereas two thirds
are exogenously determined. We target the quarterly jabAiinraten to 31.2% to obtain a steady
state unemployment rate 6% (Christoffel et al., 2009). The matching elasticityis set t00.6. We
calibrateb to 65% of the wage and set the bargaining power to an intermedidtie e~y = 0.5.

We have to set several parameters to obtain the steady atags\of the labor market flow rates.
We assume that the idiosyncratic cost shock follows a lmgistribution which we normalize to have
an unconditional mean of zero. To achieve our calibratiogeta we set the scale parameter of the
distribution t01.03. The costs of posting a vacangys set tol.21 and the efficiency of matchingis
set t00.43. In line with Bentolila and Bertola (1990), we set firing ®&i60% of annual productivity.

In the numerical section, we will check for the robustnessufresults by reducing this value 36%
and0%.

The steady state short-time work rates targeted td).69%, which is in line with German data.
Note that this implies a value farg of 20.22. This value appears large, but in the aggregate the
convex STW costs amount to orthy3% of output.
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Parameter Value

I6] discount factor 0.99
o risk aversion 1.21
K cost of posting a vacancy
@ matching elasticity w.r.t unemployment 0.60
7 matching efficiency 0.43
f linear firing costs 2.40
o scale parameter of cost distribution 1.03
CK shift parameter in STW cost function 20.22
a productivity 1
c fixed cost of production 0.23
Steady state targets Value
q worker finding rate 0.70
) overall job destruction rate 0.03
endogenous 1/3, exogenous 2/3
n job finding rate 0.31
u unemployment rate 0.09
X short-time work rate 0.007

Table 2: Calibration.

We introduce fixed costs of production to generate stronggiification effects (i.e., responses
of labor market variables to aggregate productivity shptksd to target the estimated contempora-
neous elasticity of the extensive margin of STW with respetput changes. We set the fixed costs
of productionc to 0.23 to match the lower bound of our microeconometric estimateshfe output
elasticity of STW,—3.3% (compare output and STW in Figure 4).

It is well known that micro-elasticities may be unequal tocnoaelasticities. Two things are worth
noting: First, with the bargaining game in our baseline nh@ddich does not contain any market
tightness variable due to the assumed bargaining gameinaiceo elasticity exactly corresponds to
the micro-elasticity. Thus, the calibration strategy iga@aly consistent with our model. Second, in
order to check for the robustness of results, we also perfogimulation exercise with the market
tightness in the bargaining equation and obtain simildrgjalsomewhat lower) stabilization results.

In our counterfactual exercise, the autocorrelation ofabgregate productivity shock is set to
0.95. The shock size is normalized to

5.3 Simulation results

Our model allows for two types of shocks: a business-cycleclsland a discretionary change in
government policy concerning short-time work. In the firsbsection, we analyze how large the
automatic stabilizing effects of STW are. In the second sctisn, we analyze the effects of a policy
shock and thereby establish a reference point for the SVARse

%t is well known from the literature that the search and miigtmodel has trouble to replicate the labor market
amplification effects over the business cycle from the aggredata (Shimer, 2005). We choose fixed costs as proposed by
Christoffel and Kuester (2008) to solve this problem beedtiseems the most innocuous assumption in the context of our
approach (the alternative of larger unemployment benefitddy for example, show up in the government budget comgtrai
and thereby distort the cost estimates of STW).
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5.3.1 Automatic stabilizers

The impulse responses to a positive, one standard devigttimek to productivitys, with autocorrela-
tion 0.95, are given in Figure 4. An increase in productivity incresatbe value of a filled joly, which
implies that firms post more vacancies. Consequently, thar lmarket tightnesg and the hiring rate

1 go up. The increase in productivity has a positive effecthanfiring cutoﬁv{ , thus the endogenous
firing rate¢; goes down. The reduction in firing and the increase in hirgagllto an increase in em-
ployment and output and to a decline in unemployment. Olyeha¢ to our assumption of fixed costs
of production, our model can replicate the two main stylifacts of the business cycle. First, our
model shows a Beveridge curve, i.e., a negative correlétiivween unemployment and vacancies of
—0.49. Second, labor market variables are more volatile thanymtbdty and output. The standard
deviation of unemployment in our simulation 2s5 times larger than the standard deviation of the
underlying productivity shock?
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Figure 4: Impulse responses of a positive shock to aggregate predyctmpulse responses are given in
percentage deviations from steady state. The shock is ingsited as a temporary autoregressive increase in
aggregate productivity.

What happens to STW? Remember the two stylized facts pexbémtsection 2. the extensive
margin of STW (the share of workers on STW) moves counteieaity while the intensive margin
of STW (the average hours-reduction of a worker on STW) isyartical. As demonstrated by Figure
4, our model replicates both stylized facts. Output and tagesof workers on STW have a corre-
lation of —0.99. Output and the average reduction of working hours have ieletion of0.99. If
productivity increases, firms become more profitable andes@f workers are sent on STW. How-
ever, this decreases the average quality of workers on SEWpnly those workers with relatively
high idiosyncratic cost shocks are sent on STW and theréfieraverage reduction of working hours
increases.

In order to assess the role of STW as an automatic stabilizbiedabor market and the macroe-
conomy, we compare the business cycle statistics of an egpndgth and without STW. Table 3

34Note that we have used the fixed costs of production to mateklsticity of STW with respect to output, and not to
match the volatility of unemployment. Therefore, the wlitgtof unemployment is still somewhat lower than found fret
data.
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Stabilization in% baseline f=1.2 f=0 #6inbargaining distortionary taxation

Outputy —6.8 57 =39 —5.5 —6.8
Unemployment: —14.9  —-10.8  —5.4 ~11.4 —14.6

Table 3: Reduction of the standard deviation in percent of the cgtiomponent of different variables in the model
with STW compared to the model without STW. Cyclical compusere defined as the log-deviations from the
Hodrick-Prescaoitt filter (smoothing parametet= 1, 600).

shows the corresponding business cycle statistics. Indbeoeny without STW, we change the stan-
dard deviation of the idiosyncratic shock and the vacansfipg cost to obtain the same steady state
values for the labor market flow variables (i.e., the job-figd job-separation rate and worker finding
rate). This makes the log-deviations comparable (sincketteds are unaffected). All other parameters
remain unchanged compared to the baseline calibration.

The presence of STW reduces business cycle fluctuationsumsehby the standard deviation of
the cyclical component of output, by roughi¥ and reduces unemployment fluctuations by roughly
15% (see Table 3).

In afirst robustness check, we reduce firing costs 66f6 of annual productivity t80% and0%
of GDP, respectively. The latter case is analyzed to ilatstthat STW may also stabilize an economy
without firing costs, but it certainly does not correspond3erman institutions. Additionally, we
change the scale parameter of the idiosyncratic cost lolisish and the vacancy posting costs to
obtain the same steady state for the labor market flows. Thigepts that different log-deviations are
driven by steady state shifts. Note, however, that we do djasathe fixed costs of production, which
are the driving force for the amplification and the elasticf STW with respect to output, i.e., the
latter has a somewhat lower value than in the baseline asiti®® Thus, in our exercise we inquire
how the automatic stabilizers change in an economy with didiveg costs (but the same steady
states). Interestingly, they drop because an economy wutkrl firing costs has smaller fluctuations
of frictional costs, which reduces the possibility of STWstabilize them.

In a second robustness check, we change the bargainingiagirathe following wayw; =
v (at + k0¢) + (1 — «y) b. This means that, in contrast to Hall and Milgrom (2007), w&uane that the
fall-back option in the bargaining game is the outside aptizence unemployment. Given that the
market tightness in the bargaining equation increases #uge wolatility, there is less room for STW
to stabilize and thus the stabilization effects are somésinaller than in the baseline scenario. Note,
however, that the difference is very small.

Finally, we assume that additional expenses due to theceyetariation in STW are financed by an
immediate increase in a distortionary proportional incaene(i.e., we assume a balanced budget and
the bargaining outcome is directly affected by these taseim®es). As expected, such a distortionary
financing of STW reduces its stabilization effects. The otidm is surprisingly small, however. The
reason is that the defined STW rule is very cost-efficient hod the extra costs in a recession due to
the automatic reaction are small.

Is a stabilization ob to 7% of GDP fluctuations and0 to 15% of unemployment fluctuations a
lot? To evaluate the cost-effectiveness of the automadiailstation, we have to put the stabilization
effects in relation to the expenditures. Between 1998 arid 2h averag®.7% of all workers are
on STW. The average costs of STW accounted for (ju3% of GDP3® How does this compare to

3In a further robustness check, we also adjusted the fixed ¢osibtain the same elasticity of STW with respect to
output. The results are qualitatively the same, quantébtisimilar and are available on request.
At the peak in 2009 it wa8.13% of GDP.
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other automatic stabilizers such as the tax system? Thweadsti size of automatic stabilization of
the income tax system depends on the employed methodolagtharanalyzed country. The existing
literature predicts an automatic output stabilizationaeetn 8% and 30% (see Table 2 in in’t Veld
et al., 2012). However, the income tax system accounts foerni@n10% of GDP in most OECD
countries. Thus the stabilzation through STW appears taige Irelative to the costs.

Overall, our baseline calibration and robustness cheocgdigirsizeable stabilization effects of
STW despite the relatively small size of the STW system capipto the income tax system. It has
to be emphasized that we used the lower bound of our estinsédsticities for the model calibration.
Thus, our predicted stabilization effects can be expeatdxtconservative.

5.3.2 Policy shock

Next, we simulate the responses of the model economy to @yehiais TW policy. More precisely, the
government weakens the eligibility criteria for STW, iigéincreases the level af;. We consider a
policy that increases the number of workers on STW on impattgercent and then slowly converges
back to the steady state with a coefficient of autocorrelatib0.5. Figure 5 shows the impulse
responses of such an increaselln The direct effect of an increase ) is to decrease the STW
thresholdv! (see equation 4), which implies that more workers are seToN. Note, however, that
there are also indirect effects through an increase in toétglility of firms. ReducingCy allows
firms to send more workers on STW in the future reducing thedegenerated by these workers.
Consequently, the value of jabgoes up, firing goes down and vacancy posting goes up (segatua
17 and 9).

POLICY VARIABLE, Co Output

Figure 5: Impulse responses of a negative shock’to Impulse responses are given in percentage deviations from
steady state. The shock is implemented as a temporary greesive decrease in the costs of STW.

Both the decrease in firing and the increase in vacancy ppstind to decrease unemployment,
while output goes up. Note, however, that the decrease imployment hinges on the indirect effect
just described. This indirect effect in turn depends cilyc@n the expectations about the future value
of a job (vacancy creation and firings depend onlyJpn, and not onJ;). If the policy change is
expected to not last long (i.e., if the coefficient of auteelation is low), then the impact on expected
future profits will be low and the effects on unemployment Wwé low, too. In the extreme case of
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an uncorrelated shock the effects on unemployment vanisgether, as demonstrated by Figure 6.
Note, however, that the positive effects on output remaithddigh employment remains unaffected,
worker-firm pairs with a large positive idiosyncratic op@érg cost shock reduce their working time.

Thus, there are two countervailing effects. On the one haggdregate production is reduced and on
the other hand operating costs (which are part of the aggregaource constraint) are reduced. In
our calibration, the second effect dominates and aggremdafit increases. Since our SVAR vyields
the same qualitative results, the reduction of resourcts chge to discretionary STW interventions

seems to be important in reality.

POLICY VARIABLE, Co Output
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Figure 6: Impulse responses of a negative shock’to Impulse responses are given in percentage deviations from
steady state. The shock is implemented as a temporary greeséve decrease in the costs of STW.

Overall, our model suggests that discretionary STW pdiciely have an effect on unemploy-
ment if they affect future expectations. In the extreme, licp@hange that just lasts for one period
creates a deadweight effect df0%, i.e., all additional workers that go on STW due to looserihng
eligibility criterion would not have been fired in the abser rule changes. The reason is that more
intramarginal workers go on STW, while the firing cutoff poiamains unaffected.

6 Lessons and Outlook

This paper combines microeconomic and macroeconomic rsgdas well as macro-modeling in

a novel way in order to separately investigate the ruledbasel the discretionary effects of STW

policy in Germany. Based on the estimated microeconomatieiy, we have shown that the discre-

tionary component of STW is ineffective (i.e., it does notespbs), while the automatic stabilization

component shows a substantial stabilization effect (Lesaves jobs). The reason is that transitory
interventions may lead to substantial deadweight effeutkile rules affect future expectations and
thus exert an effect on firms’ hiring and firing decisions.

Under the existence of a STW system, transitory intervastinake it easier for firms to use STW.
However, they subsidize worker-firm pairs that would notéehbeen destroyed in the absence of the
intervention. Thus, no additional jobs are saved.

These results suggest that it is crucial to disentanglesttwas components. One additional worker
on STW due to a discretionary intervention may have no effeoile one additional worker on STW

25



due to the rule-based component may stabilize the economtydierentiating these two different
cases may lead to biases when estimating the effects of STMeanacroeconomic level.

Does our analysis suggest that Paul Krugman (2009) is fightSTW was an important job saver
in the Great Recession? And, if yes, was that driven by treelsaked or the discretionary component
of STW? Regarding the latter, note that it is impossible toauSVAR just for the crisis. Hence, we
have to rely on the SVAR-results for the longer sample. Stheeresults remain largely unchanged
when we include dummies for deep recessions (Great Reopessiification and oil price crises), we
infer that the discretionary interventions in the Greatédsmn did not save jobs.

However, the automatic stabilization effects of STW wemoat work in the Great Recession.
When we feed a GDP shock into our SVAR that leads to a 6.6 pedmsiine of GDP, equivalent
to the peak-to-trough movement in the Great Recession éBamnd Hunt 2011), this shock generates
an increase of unemployment of 4.82 percentage pointsmiathjear according to the SVAE.To
quantify the automatic stabilization effects of STW in thee& Recession, we feed an aggregate shock
into our model with STW that also leads to a peak increase efryployment of 4.82 percent points.
In the model without STW the same aggregate shock size leaals increase of unemployment of
5.66 percentage points. Thus, our counterfactual angtysidicts that the automatic component of
STW has prevented an increase of unemployment of 0.84 gagmpoints, i.e. it saved roughly
300,000 jobs in the Great Recession.

Thus, Krugman is right that STW has indeed contributed t@2banan labor market miracle. But
our back-of-the-envelope calculation suggests that imdhit forces were at work. Mdller (2010) and
Burda and Hunt (2011) point towards the role of working tinseaunts, which gained importance in
the recent years and have contributed to a further flexétibn of the intensive margin in the Great
Recession. Boysen-Hogrefe and Groll (2010) show that abitd costs (wages normalized by pro-
ductivity) fell a lot before the recession. This may have hadmpact on firms’ labor demand. Burda
and Hunt (2011) argue that firms were overly pessimistic én2005-2007 economic upturn, did not
hire enough workers and thus had to reduce the employmetk bioless in the Great Recession.
Clearly, some or all of these aspects could be incorporatiedour model-based analysis. We leave
this to future research and focus on a more detailed inastig of STW instead.

What are the lessons for other countries? First, rules dterliban discretion.Our paper suggests
that a well-designed STW system may provide a fair amountadfilization at low fiscal costs (e.qg.,
compared to the income tax system). It is certainly an isterg question for future research whether
STW systems in other countries provide more or less autonsédbilization than in Germany and
why.

Second, our paper has shown that the stabilization effegierdi on the institutional settings.
According to the model simulations, economies with largendi costs and less flexible wages can
expect stronger stabilization effects due to STW. Largérdicosts make it particularly costly to ad-
just along the extensive margin. In such an environment STaAéases the flexibility of the intensive
margin of labor adjustment and hence prevents firings thattitate resource costs to the firm and in
in the aggregate. More flexible wages act as an automatidiatat{when wages adjust more along
the cycle, quantities move by less). Thus, our model suggbsat there is more room for STW as
an automatic stabilizer when wages are less volatile albadptisiness cycle. While we are unaware
of any cross-country studies that compare the degree of wgiglity and the use of STW, Cahuc
and Carcillo (2011) show that there is indeed a positivessomaintry correlation between the average

$"Note that a simple estimated Okun’s law relationship woedtiito numbers in a similar order of magnitude. Obviously,
we observe GDP and unemployment numbers where the autostattiization effects are already at work. Taking this into
account would change the results of our back-of-the-epeet@lculation only slightly and make it less intuitive.
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level of firing costs (measured by the OECD employment ptimedegislation index) and the STW
take-up rate in the Great Recession.

Thus, policy makers seem to understand well that the lalzgretfits of STW can be reaped with
large firing costs. It remains for future research whetheséhcross-country differences are driven by
different discretionary interventions in the Great Reessr different institutional settings.
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Appendix

Response in output Response in unemployment
Sign (grt.) Significantingrt. Sign (grt.) Significantin grt

Baseline (1993-2010)

baseline - Q) none + none
+ (2-) 2

with recession dummies - (0) none + none
+ (1-) 2

with legal change dummies - (0-1) none + none
+ (2-) 2

with labor productivity instead of output - (0) none + none
+ (1) 2

with GDP deflator - (0-1) none - (0-5) none
+ (2-) 2 + (6-) none

with employment instead of unemployment - (0-1) none + (0-1) none
+ (2-) none - (2-) none

with total hours instead of unemployment - (0-1) none - (0-5) none
+ (2-) none + (6-) none

with ifo index as control - 0) none + none
+ (1) none

with interest rate as control - (0) none + none
+ (1) 2

Long sample (1975-2010)

baseline - (0-1) 1 + none
+ (2-) none

with recession dummies - (0-1) none + none
+ (2-) none

Table 4: Summary of robustness checks. The table reports the signe s€sponses in output and unemployment to
a STW policy shock. Significance is based8¥% bootstrapped confidence bands.
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Figure 7: Short-time work in Germany 1975-2012. The series depietsad of the number of short-time workers
as a fraction of total employment.
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Figure 8: Correlation of number of short-time workers as a fractioemiployment with GDP and employment.
Leads/lags depict the correlation of STW/EMP in periadth GDP or employment in periotl+ i / ¢t — ¢. Black
bars show correlations over the long sample correspondid§5 to 2010, gray bars show the short
post-reunification sample corresponding to 1993-2010.t8\ihars show correlations over the long sample without
STW peaks in the 4 recessions.
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Figure 9: lllustration of the distribution of idiosyncratic shoclksthe worker-firm pair and firing threshold and
STW threshold] .
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Figure 10: Estimated output and STW shocks from baseline VAR. The salites shows the actual shock, the
dashed series is smoothed with a centered moving averagdouitleads and lags and triangularly declining
weights. SVAR estimated with STW per employed workers, GBivth and unemployment (all in logs) for
1993Q1 to 2010Q4.
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Figure 11: Impulse responses to policy shocks for different outputtediies of STWr. SVAR estimated with
STW per employed workers, GDP growth and unemploymentr{dtigs) for 1993Q1 to 2010Q4. Quarterly
responses to a positive one-standard deviation shock. deoei intervals ar@0% bootstrapped bands with 10,000
draws.
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Figure 12: Legal changes in duration of eligibility of short-time workhe series describes legal maximum period
of eligibility of a worker under short-time work scheme. ¥eal lines show the timing of the corresponding

legislation.
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