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1 Introduction

“Germany came into the Great Recession with strong emplaypretection legislation. This has
been supplemented with atfort-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 féngsses.” (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 2faonf the workforce were on short-time
work in 2009, leading to fiscal expenditures of more thdpillion Euro in each of those countries
(see, e.g., Cahuc and Carcillo, 2011 and Figure 8 in the Adipem Boeri and Bruecker, 2011). Yet,
our knowledge about the business cycle effects of shog-tvork (STW henceforth) is limited so
far. The purpose of this paper is to use German microeconandanacroeconomic data as well as a
macroeconomic model of the labor market in order to studydleeof STW as a fiscal stabilizér.

Germany has had a long tradition of STW and has used STW atsimlewf recessiorn’ Further-
more, Germany offers rich microeconomic data on the use &Y 8Testablishments. In Germany,
firms can use STW at any time subject to a set of rules. In omléeteligible, a firm has to con-
vince the Federal Employment Agency (“Bundesagentur fllreitf) that the expected demand for
the firm’s products is lower than its production potentiad #mat it thus has to reduce its labor ingut.
If the Federal Employment Agency approves the STW appticait partly compensates workers for
their lost income. The purpose of this instrument is to erage firms to adjust labor input along the
intensive margin (hours reduction) rather than the extensiargin (firings). Typically, more firms
are eligible to use STW during a recession than during a bodms, similar to the tax system, the
institution STW as such can have automatic stabilizatiéeces. We call this the rule-based compo-
nent of STW. Beyond this, the German government frequerithnges specific features of this rule
such as the eligibility to use STW, i.e., there is also a éisonary component of this policy.

From the perspective of employers and forward-looking eympkent relationships, one might
expect that the discretionary and rule-based componergddf have rather different effects on the
economy. An important goal of this paper is to disentangiepbtentially different effects of these
two features of STW. The availability of both microeconomanel data and macroeconomic time-
series data from Germany makes this possible. In contraistexisting studies, which do not discuss

lRecent empirical cross country studies on STW (Cahuc andilf@ar2011, Arpaia et al., 2010, Hijzen and Venn,
2011, IMF, 2010 and OECD, 2010) found positive employmefeot$ but were restricted to the Great Recession and
miss the time-series perspective. For microeconomic esudith German data see Bellmann et al. (2010), Bellmann and
Gerner (2011) and Speckesser (2010). The macroeconont fiiskicy literature has so far almost exclusively focused
on fiscal multipliers of traditional government tax and gfieg instruments. Blanchard and Perotti (2002), Mountfamd
Uhlig (2009), and Briickner and Pappa (2012) use structuk&s\Vfor this purpose and Cogan et al. (2010) or Christiano
et al. (2011) use dynamic stochastic general equilibriul@GE) models. See Braun and Brigemann (2014) for a recent
normative, non-dynamic study, comparing the effects of S8\Whemployment insurance.

2See Figure 1 (solid line) for post-unification Germany angué 9 in the Appendix for STW usage in Germany back
to 1975.

3See Burda and Hunt (2011, p. 297) or Brenke et al. (2013) fexarllent description of German “Kurzarbeit”.



the possible confounding of the two features of STW, we firad trhereas the rule-based component
does work as an automatic stabilizer, unexpected diso@tjoSTW appears to have no effect on
unemployment. Given that many attribute much of the retfififavorable German unemployment
experience during the last recession to the extra effopsaaiding short-time work, this is arguably
a surprising finding. It suggests more generally that thefisnof having a discretionary component
of STW as a standard part of the labor-market policy toolkétlanited*

How can these findings be interpreted? We attempt at an ansyéarmulating a model of
a frictional labor market with STW. This setup allows us tadst the relationship between STW
and unemployment explicitly. In particular, it highlightse importance of future expectations about
political institutions as an important determinant of iijriand firing on the labor market. As a matter
of modeling, to our knowledge our paper is the first to integi@TW with both a rule-based and a
discretionary component into a frictional labor-marketd®loamenable to quantitative assessnmient.

Our research strategy consists of three interrelated ,stegypsely the estimation of an elasticity
from microeconomic data, a structural vectorautoregoesébVAR) and the simulation of a macro-
economic model of the labor market. We use establishmet Eata to estimate the automatic
reaction of STW with respect to changes in output. Sinceratisfiare subject to the same rules, we can
use the cross-sectional dispersion of STW usage and a neegsautput over time in order to estimate
this elasticity. This elasticity is required for two purgss First, we use it as a short-run restriction
on the contemporaneous variation between STW usage andt dotphe identification of a SVAR in
the spirit of Blanchard and Perotti (2002). Second, it ingsagdiscipline on the parametrization of our
macroeconomic model. We further simulate artificial daterfithe model and show that our SVAR
can replicate the true model responses.

While the SVAR allows us to estimate the effects of unexpkdiscretionary STW policy inter-
ventions, the macroeconomic model allows us to run a cdiacteral analysis of an economy with
and without STW and hence, to quantify the automatic stadiibn effects. Our SVAR results show
that the effect of unexpected discretionary STW policyriveations on employment and unemploy-
ment is not statistically significant. Our counterfactualdual analysis shows that STW acts as a fairly
strong automatic stabilizer. In our baseline scenariompieyment fluctuations are reduced by
and output fluctuations are reduced4%§ (compared to the economy without STW).

4Burda and Hunt (2011) and Boysen-Hogrefe and Groll (201@)athat STW has played only a limited role for the
favorable development of unemployment in the Great Reaes$€ur evidence contains the Great Recession, but covers a
much larger period. We do support a causal link between STdiaemployment, but only for the rule-based component.

SFaia et al. (2013) use a labor selection model and analyze 83'Whe of several fiscal instruments to stimulate the
economy. Krause and Uhlig (2012) use a search and matchiglnatong the lines of Ljungqvist and Sargent (2007)
to analyze the effects of the German Hartz labor market megorThey do not model STW explicitly but introduce labor
market subsidies for the Great Recession to match the sntaldse in the unemployment rate during this period. Both
studies do not distinguish between the discretionary aedute-based component, while we show that this distinason
crucial for the evaluation of STW. Furthermore, our modedaiibes the actual institutional features of STW in moraidlet
than these existing studies. This allows us to match th&sty/facts of STW that we document in the data. See Section 5
for more details.

5As laid out in more detail in Section 5, the tax system thabitizzes employment and unemployment fluctuations to a
similar degree represents a much larger share of GDP than B, we consider the stabilizing effect of STW as very
strong relative to its costs.



The model provides an explanation for the differences betwautomatic stabilization and the
effects of discretionary policy changes. The model cossisa standard search and matching frame-
work with endogenous separations and firing costs. We asthsm&TW is the only possibility of
labor adjustment along the intensive margin. This assumian be justified on two grounds. First, it
reflects the fact that, in Germany, labor adjustment aloagrtensive margin mainly happens through
institutional channels such as STW (see Section 2 for a slison). Second, we calibrate the model
such that it yields an elasticity of STW with respect to ctesg output that is in line with our em-
pirical estimates. Thus, we are confident that allowing theo possibilities of adjustment along the
intensive margin would not change our results significaffdy more details see Section 5).

In our model, workers are subject to idiosyncratic profitabshocks each period. Whenever the
profitability of a worker is low enough such that the workerulgb otherwise have been fired, the
government allows firms to use STW for this particular workene firm will decide to send her on
STW whenever it is more profitable to keep her at reduced wgrkiours rather than to fire her. By
reducing the losses generated by unprofitable workers, Stadtly reduces firing. By increasing the
value of a job, STW indirectly increases hiring. During aggzion more workers become automati-
cally eligible for STW. This implies that more of the laborjagtment can be accomplished through
the intensive margin relative to the extensive margin, @&ited by the policy. This way, STW auto-
matically stabilizes employment and, with it, output. Imtrast, under the existence of a rule-based
STW-system, discretionary changes in the eligibility emitn of STW do not affect unemployment
in an economically and statistically significant way. An arpionary policy subsidizes extra workers
that would not have been fired anyway.

Our baseline model encompasses institutional featurds asidiring costs and collective wage
bargaining that describe a typical central European ecgnwith relatively low labor market flow
rates like the German one. Our analysis shows that theseifitsis matter for the effects of STW. In
an economy with flexible labor markets (low firing costs, hilghw rates, individual bargaining), the
stabilizing effects of STW are much lower than in an econonith wgid labor markets. This result
corresponds neatly to the empirical fact that mainly caastwith rigid labor markets make extensive
use of STW (see Figure 8 in the Appendix).

The rest of the paper is organized as follows. Section 2 deotsrsome 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 describes theahoSection 6 shows the simulation
results. Section 7 concludes.

2 Short-time work facts

2.1 Short-time work over the business cycle

Germany has had a very long tradition of STW institutionsis&ilows us to assess the movements
of STW over the business cycle. The year 1975 marks the biegiroi the systematic use of STW



schemes in Germany, although STW has been used even befaego Ehe oil price shocks and the
subsequent recession, the German legislature passed rslkaibing the future use of STW schemes
to be targeted explicitly to support employment, not to mesanorkers against wage cuts. In 1975, the
legislature also established the reimbursement of wod@rered by STW schemes to 6@ of the
current wage. This law is still in place today.

The solid line in Figure 1 shows the quarterly fraction of kers that are covered by STW
schemes relative to total employment in Germany from 1993008 We refer to this series as
STW usage or the extensive margin of STW in the following. \Wevsthe series in logs for easier
inspection and since this is the transformation used in thpirical exercises. The dashed line in
Figure 1 depicts the intensive margin of STW, measured byatleeage hours reduction (relative to
full time) of workers covered by STW programs. We use the-peshtification period as our baseline
sample for two reasons. First, this excludes the usage of &J&ted to the transition period after
reunification as well as the use of STW compensation in lotskaatil 1986. This ensures that the
VAR attributes movements in STW usage to discretionarycgathanges that were implemented to
stabilize employment in response to the business cyclenjtikiturelle Kurzarbeit”). Second, we
have information about the cyclical behavior of the inteagnargin of STW in the shorter sample.
We use this additional information to check the validity of onodel?

On average().69% percent of the workforce were working short-time in the pasiification
period (0.83% in the long sample starting in 1975). Two large peaks indidaavy use of STW
institutions and, possibly, active discretionary polieydring the use of STW: the post-unification
period of the early 1990's and the recent Great Recessioaddition, the mid 1970’s and early
1980's in the long sample, i.e., the two oil price shocks ).0ltl.5 million or 3.8% of workers in
Germany were on STW at the peak of the Great Recession in M2§. Zut also outside the severe
recessions, the graph documents substantial variatitreisdries. STW usage both inside and outside
severe recessions is negatively correlated with growttDP@nd employment and hence the business
cycle (see Figure 10 in the Appendix). These contemporaneourelations are potentially driven by
two effects that are of interest to us: the rule-based andligeetionary component of STW. In
our model in Section 5, STW automatically increases in asgoa because more firm-worker pairs
are unprofitable and thus eligible to use STW. Beyond thiicypmakers may facilitate the access
to STW in a discretionary way. In Section 3 and 4, we estimbagertile-based and discretionary
component of STW in the data.

"See Flechsenhar (1979), Will (2010) and Brenke et al. (2013)

8Compare Table 5 in the Appendix for the data sources of a# Series used in the analysis.

®We have information on the extensive margin of STW since 18@Bpare Figure 9 in the Appendix. The long series
consists of numbers for West Germany before and West andeastany after the reunification in 1991. The data for West
Germany and total Germany perfectly co-move except for & giewiod after the reunification in which STW was heavily
used in East Germany to alleviate the transition from a @drto a market economy. We use the long time series to check
the robustness of our results in Section 4.
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Figure 1: The extensive and the intensive margin of STW 1993-2010.ektensive margin of STW is measured by
the log number of short-time workers as a fraction of totapkryment (left scale). The intensive margin of STW
depicts the average hours reduction by those on STW as &fradthours worked when full-time employed (right
scale).

2.2 Adjustment of labor input via STW

For the cyclical adjustment of labor input (total hours weatkin Germany, the extensive margin of
labor input (number of workers) is generally more importdran the intensive margin (hours per
worker)10 In contrast to the US, the importance of adjustment alongritemsive margin increases
in recessions in Germany. This was the case in particulananGreat Recessiorl(% adjustment
along the extensive margin versi¥% adjustment along the intensive margin), as also documemted
Burda and Hunt (2011). Our model reflects the fact that ladpursiment along the intensive margin
becomes more important in recessions.

The intensive margin of labor input, given by hours workedwerker, can vary because the num-
ber of workers covered by STW programs (extensive marginTé/schanges since these workers
work fewer hours than the regular full-time employed. Hques worker can also vary when those on
STW programs work more or less within these programs (intemaargin of STW). Figure 1 shows
that these two STW margins are negatively correlated (witbreelation of—.90). This means that
when more workers are covered by STW programs, hours workdgbse workers increase, i.e., the
more workers are on STW, the lower is the reduction in hounkasddue to STW. At first this seems

%Between 1970Q1 and 2012Q27% of labor input in Germany is adjusted along the extensiveginarOutside the
large recessions, the extensive margin accounts for a&®yatof the overall adjustment of labor input. We measure this
as in Fujita and Ramey (2009) using the cyclical compondiitsréd with the HP filter with\ = 1, 600) of total hourst,
hours per workeh and employment.. The proportion of the intensive margin is given by“(—g) the proportion of the

t,n)

extensive margin is given b§'L Similar to the case of Germany, Reicher (2012) shows tleaextensive margin is
most important for labor adjustment in most of the contineRuropean countries.
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Figure 2: Hours per worker (solid line) are measured by total hourkeadivided by employment. The hours
reduction per worker due to STW (dashed line) multipliesttbar reduction per STW worker with the fraction of
short-time workers in employment. The sample shows anngihges from 1993 to 2010. Both series are HP
filtered with A = 1, 600, the hours per worker cycle is multiplied witld0 for expositional purposes.

surprising, but our model provides a plausible intuitionoMérs whose profitability is too low to be
kept full-time employed, but too high to be fired, will workdwced hours under the STW scheme.
The less profitable a worker is, the shorter she will work. iByia recession more workers are fired.
This cleansing effect increases the average quality oftglme workers (in terms of idiosyncratic
profitability), and hence lowers the optimal average hoedsiction in recessions.

Figure 2 (dashed line) shows a measure of the reduction eéhearked per worker due to STW
as the product of the hours reduction per STW worker and #aiém of short-time workers in em-
ployment. This measure strongly comoves with hours worledemployee (solid line) in the econ-
omy (with a correlation of-.69 measured using cyclical deviations from an HP-trend). dtyh this
simple correlation does not provide a formal test, it suggst STW is an important determinant of
labor adjustment along the intensive margin. Complemgrain findings, Abraham and Houseman
(1994) find in a study for the 1970’s and 1980’s that the eristeof STW schemes renders the hours
adjustment in Germany equally flexible as the US adjustment.

Burda and Hunt (2011) decompose the hours reduction in that®ecession into various differ-
ent sources of adjustment. Their results emphasize themthtat labor market frictions in Germany
are such that adjustment along the intensive margin isvehatcostly due to rigid institutional con-
straints, e.g., heavy working time regulation. Given thasestraints, adjustment along the intensive
margin mainly happens through institutions, such as ST\Walse working time accounts, overtime



or regular part-time work! Our establishment survey data described below documeattfirtins that
operate working time accounts tend to use more STW than &thes. This indicates that working
time accounts and STW are complements rather than substittiten adjusting hours. Taking annual
averages at a quarterly basis in Figure 2 helps us to (atdeabf) wash out the influence of overtime
or working time accounts. Complementary, Burda and Hunt {2@entify STW as the most impor-
tant source of labor adjustment along the intensive maigirour analysis, we focus exclusively on
one possibility to adjust the intensive margin of labor ipmamely through STW. Hence, we provide
a lower bound of stabilization effects taking into accouhpassible ways of institutional adjustment
of hours. Consistent with this assumption, we do not tafgebverall changes in the intensive margin
to changes in output in our model, but use the results fronmaaroeconometric analysis to calibrate
the elasticity of STW with respect to changes in output.

3 Estimating the short-time work elasticity using microecmomic data

3.1 Specification

In the time-series data presented in the previous sectids,not possible to distinguish whether
STW usage fluctuates because of changes in the businesgreyetbased component) or because of
changes in policy (discretionary component). We estimageatutomatic stabilization effects of the
rule-based component of STW from microeconomic data andt fieetwo purposes: First, in order
to disentangle the two components of STW in the structurdRVBecond, as the key calibration target
of our model and the corresponding stabilization exerdiseur model, the rule-based component of
STW describes the elasticity of STW usage to changes in butippen STW rules remain unchanged.
When output drops, more worker-firm pairs become unprogtabld thus eligible to use STW. Firm
output can change because of idiosyncratic shocks or becdwgygregate shocks. Without changes
in output, STW usage can only change when policy changes. s&/¢his insight from the model in
order to estimate the rule-based component from a firm paneé€ent years.

The time and cross-sectional dimension of the panel datsvslls to identify the rule-based
component of STW. STW policy in Germany is implemented atfélueral level providing the same
rules for all firms. Hence, the cross-sectional variatiorfimh output and STW usage at a given
point in time provides information about the rule-based ponent. However, firms that use STW
(or a lot of STW) may systematically differ from firms that dotruse STW (or very little STW).
Consequently, we use within-firm variation over time ratthan between-firm variation in output and
STW usage in order to estimate the rule-based componentfollbeing relationship describes the

1with working time accounts, the total annual working timéégt constant, but hours can be adjusted within the year.
In contrast to STW, working time via accounts, overtime at{pane work can change, but is fully compensated by the firm.
STW programs subsidize wages and, hence, constitute ateguframework which loosens working-time regulations fo
worker-firm pairs with bad idiosyncratic shocks, particlylan recessions.



effect of outputx;; on the fraction of short-time workers in employmemtin firm i and yeatt:
Yit = Tt + i + v + zi B2 + uit-

Here,«; controls for time-invariant firm-specific effects in ouriestion, i.e., systematic differ-
ences between firms in our sample. In order to rule out thatigkeyp discretionary policy changes
in our estimation, we further include year-specific effegtsSince STW policy applies at a federal
level to all firms identically at the same point in time and fulata applies to the same point in time in
a given year (June 30), the combination of firm and time fixéelcés controls for the effect of discre-
tionary policy changes on the estimated elasticities. Tha éermu,; is white noisez;; denotes the
vector of additional control variables that will be spedfigelow. We estimate the elasticity of STW
usage to output changes using three different specifiGtidtinear specification and two non-linear
models (a Tobit and a Heckman model) that will be describetktail in the next section.

We employ the Institute for Employment Research (IAB) Elitdment 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 containsrinedion 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 yearIn order to abstract from firm-size, we denote
short-time workers relative to the total number of emplayedthin a firm. This is also consistent
with our time-series measure and the definition of STW usagheé model. Note that the fraction
of short-time workers in employment can be zero for a givem.filWe use firms expected revenue
as our measure for firm-level output in periadThis variable reflects the notion that firms have to
show their need for STW, i.e., a danger of a reduction in latyout due to a fall in revenue, already
in their application to the employment agerdéyMoreover, for a given firm-specific demand, using
this variable addresses a potential endogeneity problemmsing from potential reverse causality be-
tween STW usage and output. In fact, the use of STW affecteruproduction more directly than
expected revenue, because expected revenue is largetyn dijvdemand. Note that we will use the
estimated elasticity as an input into the SVAR and as a eldr target for the model. For both of
these applications, it is sufficient to provide an estimdtine relationship between output and STW
changes, i.e., their correlation, not necessarily thaisahbrelationship. As additional controls in the
estimation, we use the number of employees in the previcasg®a measure of time-varying firm
size.

12This 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)(6DtHe German Federal Employment Agency (BA) at the
Institute for Employment Research (IAB) and subsequehtigugh remote data access. Table 6 in the Appendix provides
descriptive statistics of the IAB establishment panel witbpect to STW.

1B5ee http://www.arbeitsagentur.de/zentraler-Contentivicke/A06-Schaffung/Publikation/V-Kug-101-Anzeig
Arbeitsausfall-ab-01-2012.pdf



3.2 Results

Table 1 documents the estimation results. Across lineanifégagions ( to 3), the effect of changes in
expected revenue on STW usage is precisely estimated te batgyeen-2.80 and—3.13 depending
on whether we add year fixed effects or the size of the firm. &lesdimates measure the semi-
elasticity of STW usage (in levels) to changes in expecteemee (in logs) and imply that in response
to a one percent drop in expected revenue, firms have on &vatat.03 percentage points more
workers on short-time. Year fixed effects are negative ir620td positive in 2009 and 2010 indicating
that it is important to control for discretionary policy ciges. Further, the larger the firm the more
STW per employee is used in our samfte.

The linear specification ignores an important feature inda&. The firm makes two decisions
with respect to STW: First, whether to use STW or not (pgétbn decision) and, second, how
much STW to use. In fact, across our sample, @y of all firms use STW on average, while for
the others the number of short-time workers is zero. For ppligations, the estimate of the overall
elasticity needs to incorporate both the participatiorisiec and the quantity decision with respect to
STW. We therefore estimate two further models, a Tobit madel a Heckman selection model that
take these non-linearities in the data into account.

The difference between these two models is that the paatioip decision of firms is taken into
account, but not directly estimated in the Tobit model, while Heckman model seeks to directly
estimate the participation decision

Following Wooldridge (2010, p. 835), we estimate a Tobit mloalith fixed effects using pooled
Tobit and Mundlak term&> We report censored marginal effects which means that oimaists
summarize the aggregate effect of a one percent change é@ttexprevenue on the STW usage of
all firms. Due to the nonlinear structure of the model, mabeffects are computed for each value
of the right-hand side variables and are then averaged. Simate ranges from-2.32 to —2.61
(specificationss to 6) which corresponds to a response of STW of abo25 percentage points to a
one percent reduction in revenue. Again, our results aréfgignt at thel % level.

Different from the Tobit model, the Heckman selection maagdlicitly estimates what determines
whether a firm uses STW or not. Estimating these aspects namgehthe estimates of the overall
elasticity, but is not essential for our later use of thetaldg as an input into the SVAR and as a

4we look at various additional specifications for robustnefseur results. First, for a subsample of those firms that
operate working time accounts, the STW reaction is strondggnce, more STW is used in firms with working time
accounts than in those without. Second, as the usage of STikélisto differ across industries, we also include indystr
fixed effects in the estimation as a robustness check. Wedesmtify these effects, since some firms in our sample switch
industries over time. Our estimates are robust towardsntiodification. We further add an interaction term of changes
in expected revenue and year-specific effects, allowingHerpossibility that firms react differently to output chasgn
different states of the business cycle. When includingraution terms, we calculate the elasticity basedsgrand the
average of the coefficients of the interaction terms oveyeddrs. Including interaction terms hardly changes theneg&d
elasticity. Our results show that STW is used more heavil®d@9 and 2010 than in 2003 and 2006. Excluding these last
two years from the sample reduces the estimated elasticit}.5. Detailed results for all robustness checks are ahail
upon request.

5As introduced by Mundlak (1978), we include firm-specific meaf explanatory variables to capture permanent level
effects in our estimation.
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log exp. derived yearfixed employees 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]
Fixed effects tobit
(5) —2.319"*  —3.313 yes 31,824
[0.286]
(6) —2.614**  —3.734 yes yes 31,824
[0.311]
Fixed effects heckman
(7) —4.972** —7.103 yes 31,824
[2.57]
(8) —4.87* —6.957 yes yes 35,264
[2.75]

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.

calibration target of our model. To estimate selection, wedto argue why and how the decision of
a firm of whether to use STW or not is determined differentbnirthe decision on how many short-
time workers to use. A panel version accounting for indieidiixed effects is derived in Wooldridge
(1995)16 We use the fraction of firms using STW in the firm-specific iridusector as the exclusion
restriction to identify our Heckman model. We argue thatrgddraction of direct competitors using
STW increases the individual firm-specific probability ofngsSTW (as the stigma of admitting the
need of STW is gone), while it does not drive the firm-specifimber of workers in STW. Indeed,
substantial variation in this variable exists across itizsand we find significant effects on the STW
decision in our estimation. In analogy to above, we want tasuee the marginal effect of changes in
expected revenue on STW over the whole sample of firms, anointpbn those that use STW. In the
Heckman approach, this is equivalent to the coefficients fitte pooled OLS estimation controlling
for selection into STW. Across Heckman specification$o(8), our estimates range from4.87 to
—4.97 which means that a one percent drop in expected revenueages@n increase of abaubs
percentage points in STW. Our estimates are significangaat lat the 0% level. Standard errors of
the inverse Mill's ratios indicate that selection is pradarour model specification.

Estimation is pursued by first estimating a probit for thestbn in STW separately for each ygain a second step,
we run a pooled OLS regression on the selected sample agoptort the inverse Mills ratios from step one and time fixed
effects. We correct for firm fixed effects by including Mundi@rms and obtain standard errors using a panel bootstrap.
See Wooldridge (2010, p. 835).
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Since we have estimated the automatic feedback effectsanfgels in expected revenue on the
use of STW in levels (a semi-elasticity), but use elasésiiin the structural VAR and calibration of
the model, we transform this estimate into an elasticity ldihg it by the average STW use in
the sample of interest. For our baseline sample of 1993QDQA this corresponds to dividing by
an average STW use 6f69%. We report the derived elasticity estimates in the secomhahao of
Table 1. Our most conservative estimate of the STW elagtéaitoss specifications is3.31, while
we obtain—7.10 at maximum.

4 SVAR evidence

4.1 Identifying short-time work shocks in a structural VAR

In the SVAR exercise we estimate the effects of discretipi®FW policy on macroeconomic vari-
ables such as output and unemployment. The challenge wkieraisg these effects is that we do
not explicitly observe exogenous discretionary changesTiw policy. The reason is that STW pol-
icy is effective along many dimensions, e.g., with respec¢hé eligibility criteria of firms (which are
loosely defined and can potentially be interpreted venedkitly* /), the legal allowances of the dura-
tion of workers in STW, or the degree to which the governmantadditionally reduce the firms’ cost
that is related to the use of STW (such as covering sociatigcontributions of workers in STW).
Instead of using a direct measure of STW policy, we use a S\fAReé tradition of Blanchard and
Perotti (2002)° to estimate the effects of discretionary STW policy shocaseol on a simple as-
sumption: Policy reacts with a one period implementatignttachanges in output. This seems to be
a reasonable assumption in quarterly data.

The general VAR setup is based on a reduced-form estimation o

Y, =B(L)Y;1 +e, 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 vectore;, which are assumed to be independent and identically folisérd
with mean zero and covarianée.. We seek to identify the underlying structural shocksfrom
transforming the reduced-form innovatiofysusing a transformation matriA such that

A@t = Wt.

In order to correspond to a model in which economic shocksratependent from each other, the
structural innovations; are assumed to be orthogonal (i%,, is diagonal). From orthogonality and

7See the discussion in Burda and Hunt (2011).

185ee Bundesministerium fiir Arbeit und Soziales (2011).

1%Blanchard and Perotti (2002) seek to identify the effecessiiock in fiscal policy on output, hence the output multiplie
We apply their framework in order to identify STW policy slkec
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normalization, we obtaiV (N + 1)/2 restrictions to identify theV? elements of the transformation
matrix A. In order to exactly identify this matrix, we ne€d(/N — 1)/2 additional restrictions in
order to obtain the underlying structural shocks. In a semipVariate VAR, we need one additional
restriction in order to find4.2°

Two variables are important for identification in the VAR:tput and STW usage. Key to the
VAR exercise is to decompose the negative correlation lextwirese two variables into an output
(or business cycle) shock and a discretionary STW policyclshd\ote that the assumption about
the implementation lag of policy implies that all contemgrogous covariation of the STW usage and
output is described by the rule-based component of STW. fatehtly, output (or business cycle)
shocks are defined through their automatic effects on ST\§auisethe short-run. This does not mean
that policy shocks are unrelated to the business cycle.cipdar results below show that large STW
policy shocks occur during strong economic expansions anttactions.

We impose the value estimated from the microeconomic dataeiprevious section as the addi-
tional restriction onA as described above. Given that we have identified busineds slocks via
the rule-based component of STW, all remaining variatio8 B#V usage and output is then attributed
to discretionary changes in STW policy. Clearly, if the irmpd automatic feedback effects from the
business cycle onto STW are negative and large, the effabegiolicy shock on output is small. In
fact, if the negative automatic feedback effect is largaatisolute value than the negative covariation
between STW and output, the effect of policy shocks on outpabmes positive on impact. Hence,
the value of the elasticity potentially plays a crucial ridethe estimated effects of the discretionary
policy shocks’! We look at robustness of the results to different values isfétasticity below and
find that, within a reasonable range, the elasticity onlytenatfor the impact effect.

Note that we identify the VAR with an elasticity describingwh STW usage reacts to output
changes on the firm level. This elasticity is not necessaqlyal to a macroeconomic measure of the
output elasticity of STW usage that would take into accollmassible general equilibrium effects.
Informing the VAR with this elasticity means that we assurhat tthe two are the same (or very
similar). In our model below, we argue that this is the casemitabor market tightness does not
play an important role in the wage bargaining. This resultirsdly arises in a model of collective
wage bargaining, because the threat-point of the firm bairggiwvith a union cannot be to dismiss the
whole workforce. Collective wage bargaining is a realigéscription of European labor markets like
the German one. If wages were allowed to adjust to changexbor Imarket conditions, our model
predicts the macroeconomic elasticity to be smaller thanegtimated one. Intuitively, wages that
react more to business cycle conditions stabilize the vallaevorker and thus rely less on STW. This
suggests that we might use a value too low for our identificatOur robustness checks below show
that smaller elasticities generate the same qualitatmealte

2The identification in the bivariate VAR can be extended irraightforward way to include more shocks and variables.
The restrictions to identify output and policy shocks remsainchanged in this case and it is assumed that additiooeksh
have no effect on output and the policy variable on impace Blanchard and Perotti (2002) or Caldara and Kamps (2012)
for a detailed description of the implementation.

2lCaldara and Kamps (2012) has pointed this out with respebetestimation of government spending and tax shocks.
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4.2 Results

In our baseline estimation of the effects of business cybelss and exogenous STW policy changes,
we specify a VAR with three variables: the fraction of shiimie workers in employment (in logs),
GDP growth and the log unemployment rate. We specify GDP dmtir rates, since unit root tests
suggest that this variable has a unit rébtn addition, we use GDP growth as measuring the business
cycle component of this variable, since we can compare t¢hiset output of a model with a constant
steady state as the one presented below. We estimate threedefium VAR as described above with
four lags in the specification. We then use the formal refstiip between the output elasticity of
STW and the coefficients in the matrix (as derived by Caldara and Kamps (2012) in the case of
government spending or tax shocks) in order to implemenshkigt-run restrictions. Here we use
our lowest elasticity estimate ef3.3 as our baseline. We estimate the VAR for our baseline sample
1993Q1-2010Q4.

To see whether our estimated STW policy and output shockplausible, we consider the his-
torical time series of the two shocks (shown in Figure 11 i Appendix). Since these shocks are
calculated from the reduced form residuals in the VAR, theguo every period, but differ in sign and
magnitude. We do not literally interpret each of these sstalcks as an actual output shock or discre-
tionary policy shift. Instead, a moving average of the twocks indicates economically meaningful
output and STW shocks. Note that, except for the same guargedo not assume whether or how
strong policy shocks are related to output shocks. Ouriiiyérg assumption merely states that output
shocks and policy shocks cannot exactly coincide. Our testlow that economic contractions and
discretionary policy expansions generally have a (laggedjtive correlation, i.e., discretionary pol-
icy changes are related to the business cycle. The graphsshatvpolicy expansions (contractions)
sightly lag the economic contractions (expansions), &dghe contraction in the late 90’s, the expan-
sion around 2008 and in the Great Recession. The graph alaes shat discretionary policy was not
implemented in the economic contraction in the mid-2000sese relationships reflect the usage of
STW that was documented in Figure 1. Generally, STW policyke@long many dimensions most
of which we cannot directly observe. One exception is thallegaximum period of eligibility which
is shown in Figure 12 in the Appendix. The Great Recessiosoelgiillustrates that our estimated pol-
icy shocks coincide with periods in which this aspect of @iionary policy is changed such as the
reduction of the eligibility period in the second half of 20@nd in 2010 and its expansion in 20859.
The increase in the estimated policy shock in 2009 also tsfeecost reduction in STW usage due to
increased reimbursement of social security contributio®TN workers.

Figure 3 shows the quarterly responses of output, STW usadjareemployment to positive one-

2In 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.

ZBAs a direct narrative measure one particular type of STWepalhocks, we can use the short time series of the eligibility
period changes. The results are very similar to the SVARItestiowever, they are insignificant, which is the result of
very little variation in the series. Hence, the conclusibat tdiscretionary STW policy is ineffective remains. Theules
are available upon request.
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Figure 3: Impulse responses to output and STW policy shocks. SVARhestid 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@vebootstrapped bands with 10,000 draws.

standard-deviation shocks in output and policy. To be coaipa to the model output in Section 5,
we show the response of output as deviations from a linead tiee., in growth rates not in levels,
and the responses of the unemployment rate in percentagespdihe confidence intervals depict
90% bootstrapped bands that were calculated in line with Ki{ile®098). The left column of Figure 3
shows the responses to a positive business cycle shock.tieshock, output increases, while STW
falls reflecting the imposed short-run restriction of théoaatic feedback effects along the business
cycle. Unemployment falls in a boom. The right column of F&8 depicts the responses to a positive
discretionary STW policy shock. After a positive policy skpoSTW is used more. Since we have
not imposed any restriction on this response, it is reasgutiat it is in fact positive. Output does
not show any significant impact response to a STW policy sheatept for a marginally statistically
significant increase after two quarters. Strikingly, themployment rate does not significantly react
to a STW policy shock. This is a surprising result, as STW swwewere initially designed to support
employment. Our model will provide an interpretation ofthésult.
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4.3 Robustness

We address the robustness of our results along various dioren Here, we distinguish three groups
of robustness checks: First, robustness to the value obtimated micro elasticity that is used for the
identification of STW policy shocks. Second, robustnesh véispect to time variation in output (large
recessions) and the policy variable (using additionalatiesidence). Third, robustness regarding the
specification of the SVAR. Table 7 in the Appendix documehésresults of our robustness cheéks.

4.3.1 lIdentification using the estimated elasticity

Above, we have discussed the importance of the imposed-simorestriction for the output elasticity
of the policy variable. Given this, we assess how differesuaptions about this elasticity affect the
the estimated responses of output and unemployment aftdicg phock. Figure 13 in the Appendix
compares these responses for various values of the dlashéirying the elasticity does affect the
impact response of GDP to the policy shdéKn line with our intuition from above, the more of the
negative correlation between output and STW usage is edqulddy the automatic feedback effects,
the larger are the effects of the policy shocks on outputhdf/tare large enough, policy shocks can
have positive effects on output. In fact, if the automatiedieack effects are relatively large, output
significantly increases on impact. If they are zero or pesitoutput falls, significantly in the latter
case. Note, however, that the estimates for later periodiyhehange when different elasticities are
used.

The effect of policy shocks on unemployment behaves silpilahen varying the elasticity. Un-
employment falls for relatively large negative elastestiand increases for zero or positive elasticities.
However, except for positive elasticities of unplausibigthvalues, these effects are all insignificant.
If we consider variation of the elasticity betwee2.90 (corresponding to our most conservative To-
bit estimate in column one of Table 1 plus the estimated stahdeviation),—4.56 (corresponding
to our largest Tobit estimate minus the respective standewéhtion) and—11.90 (corresponding to
our largest Heckman estimate minus the respective stamtsidtion), the responses of output and
unemployment to policy shocks change very litfe.

4.3.2 Time variation: Direct evidence and large recessions

As argued above, direct identification of STW policy shocksliificult, as STW policy potentially
works along many dimensions. We do not directly observesgeats of these policy changes. One
exception is the legal maximum period of eligibility for arpeular worker in STW. We have infor-
mation on this policy dimension for our baseline sample &gare 12 in the Appendix). One may

%See Table 5 in the Appendix for the data sources of all timesersed in the analysis. More detailed results are
available upon request.

This is similar to what Caldara and Kamps (2012) has showhdrcase of tax shocks.

%The same is true when we consider an elasticity-df5 that we have estimated based on data for 2003 and 2006 only.
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associate periods with legal changes to this maximum pexrsodpisodes of particular political fo-
cus on STW schemes, e.g., the Great Recession. In orderltalexbe possibility that STW policy
was conducted in a systematically different way togetheh wiese legal changes, we incorporate a
dummy controlling for these changes into our VAR. This isiEmto Blanchard and Perotti (2002)
who incorporate a dummy for large tax reforms into their fis&sR.

In Section 5, we apply our SVAR identification to data simethtvith the model for two different
types of STW policy shocks: A shock to the eligibility of STWdha shock to the cost of STW. We
show that our SVAR is able to recover the true underlyinggyalesponses.

In analogy to the argument above, one may associate repseggnerally as periods with partic-
ular focus on STW policy. In other words, the relationshipamen output and STW may be different
over time, which could potentially affect our identificatioTo control for these possible nonlinear-
ities, we estimate our baseline specification includinggession dummies for 1991Q1-1993Q1 and
2008Q1-2009Q7 and show that the results are not affected in any significayt Wable 7 and Fig-
ure 14 in the Appendix shows that our results are robust tbrading for legal changes in STW policy
and recession periods this way.

4.3.3 Different SVAR specifications

In our model, business cycle shocks are measured by chamgesput or labor productivity. Table 7
shows that our results are robust to replacing GDP with GDPep#ployed worker. This result
may reflect the fact that relatively unproductive workergkwshort-time, while relatively productive
workers continue to work full time or even increase theiolaimput. Hence their weight in aggregate
productivity increases. Next, we use the GDP deflator inkstéahe CPI to deflate output. This does
not change our results substantially. To assess the raasstf the unemployment response to policy
shocks, we replace the unemployment rate by employmentagaidiours worked, respectively. As
with unemployment, both variables show an insignificanpoese to the policy shock. Clearly, policy
shocks do not have a significantly positive effect on hoursrneployment. Policy shocks do also not
have a significantly positive effect on output in this setup.

One may wonder whether our identified shocks pick up the &ffecother important macroeco-
nomic shocks. Shocks that cover future information abogitotsiness cycle, so-called news shocks,
are one candidate. To control for the presence of news slorcksy type of anticipation effects, we
include a business confidence indicator (the ifo busingssatt index) into our specification. With
this indicator, both unemployment and output do not reagtiicantly to policy shocks. To control
for monetary policy shocks, we include the interest rate aasured by the 3-months money market
rate into the SVAR. Table 7 shows that including the interatg does not change our baseline results.
Likewise, we control for movements in aggregate consumpiod investment in two further SVAR
specifications. Again, this does not change our results.

Finally, we consider the long time series which cover thaqoef975 to 2010. This data then

2\We measure recessions as peak to trough of the GDP seriés Hatfiltered with smoothing parametir= 1, 600.
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captures important economic events such as the oil prisexrHowever, we face a severe structural
break due to the German reunification in 1991. To eliminatddahel effect in the data, we regress the
growth rates of GDP and unemployment on a reunification dunWey/further account for a general
structural break in the VAR using a broken constant befor@ll@nd afterwards. To circumvent
potential problems with the heavy use of STW in East Germéanegtly after reunification for reasons
not related to the business cycle, we only use STW data fot Glesnany?® Since the mean STW
usage in the long sample is higher than in the short sari@8%), we reduce our elasticity estimate
to —2.79. Note that our elasticity estimate stems from microecowosuirvey data for the years
2003, 2006, 2009 and 2010. Thus, our estimate possibly tdsvfeom the true elasticity estimate
in the long sample. This is less of a concern in the short sampi addition to estimating our
baseline specification in the long sample, we also add riecedammies (1973Q1-1975Q2, 1980Q1-
198202, 1991Q1-1993Q1 and 2008Q1-2009Q2). Table 7 shawgiresults are overall similar to
the ones from the short sample. In contrast to the short gsgraptput does not show any significant
increase anymore. Unemployment increases, though ifis@mily. This documents that even when
taking into account early recessions, discretionary STWéyohanges have on average not been very
successful in stabilizing employment or output in recessio

5 A labor market model with short-time work

5.1 Model description

Our paper quantifies the effects of the rule-based and theetiisnary component of STW. While
the SVAR has shown the non-effects of discretionary polisggnges on unemployment, it is silent
about the underlying economic rationale. In addition, walyre the automatic stabilization of the
rule-based component of STW for which we need to model thatesiactual economy without STW.
Thus, we need a model that integrates important institatiteatures of the German economy to de-
liver credible results and that is rich enough for quarntigaanalysis. We use the search and matching
framework of Diamond (1982) and Mortensen and Pissarid@84(lto model job findings and en-
dogenous job separations assuming that worker-firm padrsuject to idiosyncratic shocks. We then
incorporate STW in this model. The key equations are shovthdémmain part. More details can be
found in Appendix B.

A few words on specific assumptions of the model are in ordést,Fve assume that STW is
the only way to use the intensive margin of labor adjustm&his assumption can be justified on the
grounds that in normal times the extensive margin is far nmogortant than the intensive margin,
while in deep recessions, STW plays a very important roleeirdering the intensive margin more
flexible (see Section 2). Hence, we do not consider the rolestfuments other than STW that may
make the intensive margin more flexible such as working ticeants. Note, however, that we

2As mentioned above, the series for the number of short-timkevs in total and West Germany excluding the reunifi-
cation period have a strong correlation0o$9.
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calibrate the model in such a way that the model-elastidit$ oV with respect to changes in output
corresponds to its empirical counterpart (for more detaks Section 6.1). Thus, if we included other
means of adjustment along the intensive margin in our maaktldéd not change the parameters of
the model, the effects of STW would be diminished (as firmdccaae the other means of adjustment
as substituté8) However, as a consequence the elasticity of STW with régpezhanges in output
would not correspond to the empirical elasticity any morée we would have to recalibrate the
model to match the empirical elasticity. This would re-bksh the importance of STW. As a result,
we are confident that the quantitative results would remamlar if we included other means of
adjustment along the intensive margin.

This issue would only be worrisome if we calibrated our masiath that STW is responsible for
the adjustment of the entire intensive margin in deep rémess Instead, we calibrate our model to
the elasticity of STW with respect to output that we havenested in Section 3.

Second, firms in our model would reduce the working time ofrafimble workers to zero unless
they are subject to some form of adjustment cost. The datasstiat al00% working time reduction
rarely happens. Only f&% of workers on STW the working time is reduced to zero. On ayethe
working time for workers on STW is reduced by approximatahe ¢hird3® To allow for a working
time reduction of less thatD0% and to keep our model tractable, we assume that firms arecstbje
convex costs of reducing working time. Below we provide sonstitutional underpinnings, but we
do not provide deep microfoundations for the observed firhabior.

Third, we assume that wages are determined on the colldetie&(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 for a worker on
short-time). We also check for the robustness of our resyitsimulating a US style economy with
individual bargaining.

For normative work, it is crucial to provide a deep microfdation as well as a constrained ef-
ficient benchmark for the interaction between the firm andwbeker with STW. For our purposes,
i.e., the quantification of the rule-based component andmgretation of the SVAR results, these
limitations are only of second order. Most importantly, thedel does a very good job in replicating
the business cycle features of the extensive and intensavgimof STW and offers a plausible expla-
nation for the SVAR results. We further check the robustrassur results with respect to some of
the above mentioned assumptions, such as changing theéraggaule or varying the 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

2However, evidence from the German establishment data iti®e&:suggests that firms that use working time accounts
are also more likely to use STW.

30From 1993-201044% of all employees who used STW in Germany reduced their wgrkime up t025%, 33%
betweer25 and50%, 8% betweer75 — 99% and8% to 100% (Source: Federal Employment Agency).
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incumbent workers are hit by an idiosyncratic shock. Fiftig wage is determined. Finally, firms
make their endogenous separation and STW decisions, baghd wiosyncratic shock realization.

5.2 Separation and short-time work decisions

Since STW is targeted at reducing separations, we start fyirdpthe 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 realizati@m adiosyncratic shock;;. We assume
that the idiosyncratic component is additive and has therpmétation of a profitability shock. With
additivity, worker-firm pairs may generate negative corgeraneous value added, even with zero
fixed costs’® The shocke; is drawn from the random distributiof(;) and is i.i.d. across workers
and time. We will first describe the STW decision and then thadidecision because the latter
depends on the former.

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

J(er) = ar —wy — ey — ¢f + BE T4, (1)

whereaq; is aggregate productivityy; is the wage of the worker; is a fixed cost of productions
is the discount factor and;; the expected value of the worker next period (see equatibnf@t
the definition). The fixed cost of productiary was introduced by Christoffel and Kuester (2008)
to generate the large volatility of unemployment over thsitess cycle found in the data, without
resorting to wage rigidity or using a large value of unempieynt benefits/home productiéh.

We assume that the government defines an eligibility coitef); for STW such that only workers
whose value is below that threshold are allowed to be senfféd S

ar —wy — ¢ — cf + PEJi1 < Dy (2

We interpretD as an instrument to conduct discretionary STW policy. Bydong D;, the govern-
ment makes the eligibility criterion more stringent andedtty reduces the number of workers on
STW. In our benchmark calibration, we assumge= — f, wheref is the cost of firing a worker. This
implies that the STW-threshold in equation (2) coincidethwtine firing condition of an equivalent
matching model without STW. This assures that only thosekarsrare allowed to be sent on STW
that would otherwise have been fired. With this modeling chaie replicate the German rule that
says that any firm that is in difficulties such that it wouldarthise have to fire a substantial part of

Slinterestingly, negative contemporaneous value added:slls to provide an interpretation for the SVAR results, i.e.
why discretionary short-time work may have a positive dffat output. Note, however, that our result that discretipna
STW leaves employment unaffected does not depend on thivitgidif the shock.

321t is well known from the literature that the search and miaighmodel has trouble to replicate the labor market
amplification effects over the business cycle from the aggpedata (Shimer, 2005). See Costain and Reiter (2008) for a
discussion. We choose fixed costs as proposed by ChristofteKuester (2008) to solve this problem because it seems
the most innocuous assumption in the context of our appr{taehalternative of larger unemployment benefits would, for
example, show up in the government budget constraint amdhikalistort the cost and benefit analysis of STW).
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its workforce, can apply for STW. When quantifying and siating the model in Section 6, we show
the effects of loosening the eligibility criterion, i.ef,increasingD;.
Based on equation (2) we can define a threshold-lef/ébr the idiosyncratic componeat

vf = ap —wy + BEJys1 — ¢ — Dy, )

such that workers with, < v¥ work full-time, while workers withe; > v} are allowed to be sent on
STW, i.e., the least profitable workers will use SPW.

When a worker is eligible for STW, the firm has the option taiatiplong the hours margin. With-
out any further restrictions, firms would choos&% STW for unprofitable workers in our model.
However, as described above, the average working time tiedua the data is only about one third.
Assuming a linear cost function would not solve this probleenause it would imply corner solutions
such that workers either work full time or their working timgereduced byl00%. Therefore, we
assume that the optimal working time reductiinis subject to convex STW cos€s (K (g;)), with
%(S)) >0 and% > 0, which assures interior solutions. There are many ingiitat rea-
sons in Germany for such a convexity. First, although theleyap reduces the labor costs with STW,
the reduction is not necessarily proportional to the wagkiours reduction because the employer
has to pay the social security contributions for the fullgiequivalen* Second, the implementa-
tion of STW must be approved by the workers’ couriéilAs long as there is no approval, workers
have the right to obtain their full wage. Workers’ councite generally more willing to approve small
working time reductions than larger working time reductittecause employees only receive a partial
compensation for their wage loss. Our convex adjustmertdtiom is a short-cut for the interaction
of many factors (besides the institutional features, thapstof the production function or variable
capital utilization may matter in reality). We defend ouodkcut based on its empirical performance.
We will show in the simulations that our model replicates tigelical movement of the number of
workers on STW and the average hours reduction due to STWwelty

The firm chooses the optimal level of the working time redurcti{ by maximizing the contem-
poraneous profit of a worker on STH#:

?(%S = (ap — wp — &) (1 - K (gt)) —cp— C(K (5t)). 4)

%3In contrast to Faia et al. (2013), this defines the rule-basetponent of STW. Worker-firm pairs with a lower prof-
itability level can automatically use STW and choose anmatihours reduction. This allows us to calibrate our modéhwi
the estimated elasticity and to quantify the automaticiktation effects of STW.

34See Boeri and Bruecker (2011) who argue that these instititfeatures generate a convexity in the cost of STW.

35German labor law makes it mandatory for firms from a certaie shwards to allow their employees to elect represen-
tatives (“Betriebsrat”, English: workers’ council).

%%This is an important difference to the earlier models in Faial. (2013) and Krause and Uhlig (2012). In contrast to
these, firms in our model decide optimally about the workimgtreduction of workers on STW, while in Krause and Uhlig
(2012) hours are not reduced at all and in Faia et al. (20X8htlurs reduction is exogenous and the same for all firms.
Endogenous hours reduction is not only realistic but allos/o distinguish between the extensive margin and thesiven
margin of STW and base them both on optimal firm decisions. eisahstrated further below our model replicates well the
empirical movements of both margins.
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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. Hawiedoes not reduce the fixed cegt
which is independent of the production level. We impose altatec functional form for the costs of

STW
1 2

C(K (€t)) = CKiK(gt) : (5)
This implies that the optimal hours reduction of STW for aegiv; is
ar — Wy — €
K* () = AT Tt Tt (6)

CK

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

(at — W — 5,5) (1 - K (&“t)) -C (K (e’it)) —cf+ 6EtJt+1 < —f. (7)

This defines a firing threshokz{ at which the firm is indifferent between firing and retaining a
worker on STW:

B8 ;o c(xeh)
k() k() 1ok (d) ®

v{:at—wt—Cf—i-

Thus, the endogenous separation rate is

o= [ gteda ©

t

and the rate of workers on STW is ;

w= [ g 10)

‘

Figure 4 illustrates the distribution of the idiosyncrasibock and both threshold values. All
workers with a profitability shock realization above the STiwesholdv) are eligible for STW, but
workers above the firing threshoqu are so unprofitable that they are fired despite the posgilbdlit
send them on STW. Note that STW exists in this econom;[if> vF. This is the case as long as
STW costs are not prohibitively high. If the scale parameteghe STW cost functiory approaches
infinity, then K = 0 from equation (6), i.e., firms do not use STW. In this case th&/Shreshold
and the firing threshold are identicajf = vF. This limiting case will be used for the counterfactual
analysis in the numerical part. #f; is smaller tharu; — w; — &, the firm optimally reduces hours
worked for those on STW to zero. In that case, no firing ocduos.the value ot that we calibrate,
the working time reduction for those on STW will be strictlgttveen zero anti00%.

22



\

Figure 4: lllustration of the distribution of idiosyncratic shocksthe worker-firm pair and firing threshold” and
STW threshold”.

From equation (8) it follows that positive values of the wiatktime reductionk” affect the firing
thresholdu{ positively due to a direct effect and a reinforcing indirefect. The working time
reduction directly reduces the losses generated by a warkethereby makes the firm more reluctant
to fire a worker. At the same time, the possibility to reduce fiture losses generated by a worker
increases the expected value of a worker, which indirectiyets the incentives to fire. Both effects
shift the threshold){ upwards relative ta} and imply both a positive range of workers on STW and
a smaller range of workers being fired compared to the sitoiatithout STW in whichy! = v¥ 37

Note that the existence of STW in our model does not depenteoexact bargaining regime, nor
on the assumption of positive fixed costs and/or firing cogis. need the fixed costs of production
to calibrate our model to the estimated elasticity of STWhweéspect to output. And we add firing
costs and collective bargaining to replicate realisticdpean institutions. But even jff = ¢y = 0
and under individual bargaining, some workers exist who ldigenerate contemporaneous losses,
but who would not be fired. The reason is that costly hiring ugearch and matching frictions (see
the next section) implies that the future value of a workealigays positive. So even in this setup,
some firms have an incentive to use STW.

It should further be noted that it is both in the interest @ftinm and the worker to use STW rather
than to separate the match. The firm is free to choose the alptiorking time reduction. It will only
use a positive level of STW if this increases profits. Althiodige worker has no choice in our model,

$"Note that the increase W1 also indirectly shifts the STW threshold. However, the diégd direct effect is absent
and therefore shifts by more than”.
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her participation constraint will not be violated. Evenudlgb STW reduces her income relative to full
employment, the worker is even worse off if she quits. In ttate the income in the current period
would be just the unemployment benéfjtwhile it isbK + (1 — K )w if the worker stays employed
and on STW (as usual under German STW rules). Thus, sinceb, a quit would imply a loss in
contemporaneous income. Furthermore, quitting the jolli@mpa lower chance of having a job in the
next period and, thus, reduces the continuation value ofvtirker.

We are now in a position to define the expected value of a wollefore the realization of the
idiosyncratic shoclk;, 1 is known:

Ui

Jir1= (1~ ¢x)/ (ar41 — wir1 — €e41) 9(Er41)der s

—00

+(1-9¢") /vt+1 [(ars1 —wip1 — 1) (1= K (e41)) — C(K (e41))] 9 (e141) deria

k
t+1

— (1 =¢tr1) e — (1= ¢") piia [+ (1 = br41) Er18Ji42. (11)

Here,

P41 = 0" + (1 = ¢°) ¢f11, (12)

is the overall rate of job destruction, which depends on titmgenous rate of job destruction defined
in (9) and on the exogenous rate of job destruciidn The first integral in equation (11) is the
expected revenue of workers who work full-time. The secaridgral is the expected revenue of
workers on STW. Here, we need to take into account that theskens have reduced working time,
but that the firm has to incur the cost of STW. The fixed cost bédetpaid for all employed workers.
The firing cost has to be paid only for endogenous, not for erogs separations.

5.3 Matching on the labor market

While we have focused on the firing and STW decision of the fiorfas, we now formulate the rest
of the labor market. Matches, are determined by a Cobb-Douglas matching function

me = vl =, (13)

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

q = pd; %, (14)
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wheref; = v, /u, is the labor market-tightness. Consequently, the job fonditer; (i.e., the proba-
bility of an unemployed worker to find a job) is

m= pd; e (15)
The present value of a vacancy is definetf as
Vi =~k + BEq i1 + BB (1 —q) Viga, (16)

where J; 1, is the value of a job and are the vacancy posting costs. Free entry implies that in
equilibriumV; = 0V ¢ which simplifies the above equation to

k= BEiqiJiq1. (17)

In equilibrium the vacancy posting cost has to equal the @gplepayoff of the vacancy, which consists
of the probability to find a worker and the value of a succdssftch.

5.4 Employment evolution

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

g = (1—¢¢) n—1+ (1 — d¢) m—1 (1 —ny—1). (18)

The employment rate in the current period includes workémhe previous period who were not
fired and unemployed workers who got newly matched. As staltede, this law of motion reflects
that both existing and new matches are subject to the saparék. Workers on STW are treated
as employed, corresponding to the official German employstatistics (although they do not work
full time).

5.5 Wage bargaining

Finally, we specify wage formation. Collective wage banyzg is the predominant regime in con-
tinental Europe and especially in GermaRyTherefore, we use a simple model of collective wage
bargaining for our baseline simulation. We assume that #hgevis bargained between the represen-
tative firm and the incumbent worker for whom the realizatidrthe profitability shock equals its
expectation of zero. Every worker who is working full timemsathis wage. Every worker who is on
STW gets a share of this wage, according to her working tirhes (pome reimbursement for the lost

3Note that we have assumed that new matches are also subjgepdeation risk. This is taken into account in the
definition of J; 11 in equation (11).

3%According to OECD (2012a), the collective bargaining cager (share of contracts covered by collective bargaining)
in Germany wag2% in 1990 and52% in 2009.
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wage income). Hence, the wage does not depend on the idiagigngrofitability of a worker, which
implies inefficient separations. However, we will also shberesults for individual wage bargaining.
The profit of the median worker-firm pair (with idiosyncrapoofitability shock zero) of a match
iS4O
Ft = at — Wt — Cf + ,BEtJt+1. (19)

In case of disagreement, production will come to a halt (@lge to a strike), and bargaining will
resume in the next period. Hence, the match stays intactindke of disagreement. This particular
feature of the bargaining setup is described in more datdildll and Milgrom (2007) and used in
Lechthaler et al. (2010) or Christiano et al. (2012). It ipexsally plausible under collective bar-
gaining since it is unlikely that all workers become unemgphtbin case of a disagreement. Thus, the
fall-back option of the firm is

Fy = —cf + BEJis1. (20)

The median workers’ surplug’; from a match is

Wi =wi + BE: (1 — ¢pq1) W1 + BEd1+1Ui41, (21)

where U; is the value of unemployment, defined 4§ = b + n (1 — ¢pp1) W1 +
(I —n (1 — ¢¢41)) Urr1. The workers’ fall-back option under disagreement is then

Wi =b+ BE; (1 — ¢r1) Wit1 + BEibr11Us 1. (22)

This means that in case of no production, workers are asstor@itain a paymerit, which is equal
to the unemployment benefits in the economy.
Defining~ as workers’ bargaining power and maximizing the Nash prolietds the following
wage equation
wy = ya; + (1 —7)b. (23)

In Section 6, we will check for the robustness of our resutsding individually bargained wages
(including the profitability shock and the market tightrjess

5.6 Government budget constraint

The government has a balanced budget and finances STW egpamdeunemployment benefits
through a lump-sum tax
ng

1 —¢f

“ONote that the median worker-firm pair does not use STW (exgily, on average only 0.69% of German employees
are in STW programs).

f
Ut
b /k K (g¢) g(e)dey + buy = Ty. (24)
Ut
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We explore the robustness of our results to the possibititfitance STW through (distortionary)
income taxation instead of lump-sum taxes below.

5.7 Equilibrium and aggregation

The labor market equilibrium is defined by equations (3), (&), (9), (10), (18) and (23). Aggregate
output () in our model is defined as

k

n Yt n v{
Y, = l—tqﬁf /_Oo(at—ﬁt)g(f?t)dé‘-i- 1_t¢§ /Uf’ (1=K (&) (ar — &) g (e¢) de

Tt

1 —¢f

— nycp — o f — vk, (25)
Aggregate output equals production (first line) minus reseeosts (second line). Note, thatis the
number of all workers employed in periodi.e., after taking into account the separation risk. There
fore, we need to dividey, by (1 — ¢f) to get the number of available workers before endogenous
separations. When determining production we need to tdkesitcount the idiosyncratic profitabili-
ties of all relevant workers, i.e., those that work full tirwed those that work reduced hours on STW.
The resource costs include vacancy posting costs, firinig ensl fixed costs of production. Since our
model does not contain any other aggregate demand comgoagategate output equals aggregate
consumption in our model.

6 Numerical simulation

This section first describes our calibration strategy. Tlwerpresent the results of numerical simula-
tions. Our model allows for two types of shocks: discretignzhanges in STW policy and business
cycle shocks. We first analyze the effects of policy shocks @mpare them to our SVAR results.

Then we analyze how large the automatic stabilizing effeE&TW are in response to business cycle
shocks.

6.1 Calibration

We calibrate the baseline model to the German economy. Pablenmarizes our parameters and
our calibration targets. The quarterly discount fagtas 0.99, which matches an annual real interest
rate 0of4.1%. Following Christoffel et al. (2009), we target a steadytestealue for the quarterly
worker finding ratey of 70% and a separation rate 8%. As in Krause and Lubik (2007) one third of
separations is endogenous, whereas two thirds are exagjgramiermined. We target the quarterly
job finding raten to 31.2% to obtain a steady state unemployment rat@%fChristoffel et al., 2009).
The matching elasticity: is set t00.6. We calibrate unemployment benefit® 65% of the wage and
set the bargaining power to an intermediate value ef 0.5.
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Parameter Value

I6; discount factor 0.99
K cost of posting a vacancy 1.21
@ matching elasticity w.r.t unemployment 0.60
7 matching efficiency 0.43
b/w replacement rate 0.65
f linear firing costs 2.40
s scale parameter of the profitability distribution 1.03
CK shift parameter in STW cost function 20.22
a productivity 1
cf 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 have to set several parameters to obtain the steady atats\of the labor market flow rates.
We assume that the idiosyncratic profitability shock fokoavlogistic distributiort: which we nor-
malize to have an unconditional mean of zero. To achieve alibbration target, we set the scale
parametess of the distribution to1.03. The costs of posting a vacansyis set to1.21 and the effi-
ciency of matching. is set t00.43. In line with Bentolila and Bertola (1990), we set firing cosb
60% of annual productivity. In the numerical section, we willedk the robustness of our results by
reducing this value t80% and0%.

The steady state short-time work rates targeted td).69%, which is in line with German data.
Note that this implies a value fef; of 20.22. This value appears to be large, but in the aggregate the
convex STW costs amount to orty3% of output.

We set the fixed costs of production to 0.23 in order to target the contemporaneous elasticity of
the extensive margin of STW with respect output changes308. This estimate corresponds to our
lower bound*?

As discussed above, our estimated elasticity may not tatkeaiccount the general equilibrium
effects of changing labor market tightness on wages andehetier aggregate variables. However,
these effects are absent in our baseline model due to thmaddwargaining game. Thus, the calibra-

1A logistic distribution is very close to a normal distribwomi, but allows for closed form solutions.

“2When we calibrate the model to larger elasticities (by ukanger fixed costs), the automatic stabilization of unemplo
ment remains similar and the stabilization of output insesa With a larger elasticity, more unprofitable workerssznmet
on short-time work in a recession and thus output drops sthes with a lower elasticity. Thus, our calibration consés
a lower bound for output stabilization.
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tion strategy is consistent with our model.

6.2 Policy shock

To demonstrate the effects of discretionary policy, we emsthat the government changes the eligi-
bility criterion for STW, i.e., it increases the level &f. The effects of this change in the eligibility
criterion depend on the persistence of the policy. Fortifaion purposes we start with a temporary
policy shock, i.e., the government increases the levéd dé6r only one period and returns to the old
rules one period later (further below we also consider a rpersistent policy change). The shock
size is normalized to 1.

Figure 5 shows the results. As can be seen from equatioXBas a direct impact on the STW
threshold. Weakening the eligibility criterion shifts tB'W threshold and allows workers with a
smallere to use STW (in Figure 4 this means thdtis shifted to the left). These workers are more
profitable than the workers who are on STW without the poliogrgge, but they are less profitable
than the workers who work full time. It is important to notathdue to firing costs and collective
wage bargaining, these workers still generate losses tbrtheand thus it is profitable to use STW.
Although surprising at first, the working time reductionrtieads to a positive effect in the resource
constraint and, hence, output. This is in line with the rssinbm the SVAR, albeit with a somewhat
different timing.

Looking at equation (8), it can be seen that the firing thriesisonot directly affected by changes
in D. This is intuitive because it is the least profitable workete are first sent on STW. Put dif-
ferently, the workers at the firing threshold do already us&/Slue to the rule-based component,
irrespective of any policy change that affects the eligipitriterion. Therefore, increasing for one
period does not change the firing threshold and neither dabsainge the unemployment rate.

In a second step, we show that the effects of change in thibiéitigcriterion are different when
the policy change is persistent. We set the policy shock thattwe obtain the same first period STW
response and the same autocorrelation for the STW timessegiafter a one-standard deviation policy
shock in the SVAR (see Figure 3). The solid lines in the righitimn of Figure 6 show the impulse
response functions for this shock. The increasP ifwith an autocorrelation coefficient 6f81) now
has an effect on hiring, firing and unemployment.

To understand this remember that, due to firing costs andaté wage bargaining, even some
full-time workers generate losses to the firm (those closhdédSTW threshold). Increasing per-
sistently allows firms to send some of these workers on STuaes the losses generated by these
workers and thereby raises the expected value of djfke., the value of a job prior to the realization
of ¢, see equation (11)). The increase in the expected valueotif @fluces the incentives to fire (see
equation (8)p7 in Figure 4 shifts to the right). It also increases the iniM@stto post vacancies (see
equation (16)). Consequently, unemployment goes down.

In Section 4, we have argued that our assumptions used ttfidentput and policy shocks in
the SVAR are consistent with the model presented here. Ceglyewe can also show that the SVAR
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Figure 5: Impulse responses of a positive one unit shocktdmpulse responses are given as deviations from the
steady state. The shock is implemented as a temporary,e@dpoosening of the STW eligibility criterion.

can replicate the theoretical responses when appliedifiziaitdata simulated from the model. We
simulate 1,000 time series of 68 periods corresponding édehgth of our baseline samgt&. In
addition to the policy shock discussed above, we simulatedygtivity shock with an autocorrelation
of 0.95 and a standard deviation 0f01. We further add normally distributed noise to all variakites
our 3-variable baseline SVAR to simulate a potential thivdck in the data.

Figure 6 shows the impulse response functions estimated thhe simulated data together with
the theoretical responses from the model. Two things aréwpainting out: First, the IRFs estimated
from simulated data are very similar to the true ones frommtiwglel (the true responses are well
within the error bands). Second, the true unemployment amplub responses in reaction to STW
policy shocks are replicated by the estimated ones, butoarsrmall to be statistically significant.
This mirrors the corresponding insignificant results usheactual data.

So far, we have assumed that discretionary STW policy fat#s the access to STW. However,
alternatively it could also affect the convexity of STW cnsAs a robustness check, we impose a shock
to the cost parametel; instead of to the eligibility criteriorD in the model. When we calibrate the
shock similar to above, i.e., to match the standard deviadiothe STW time series that is driven
by the policy shock only, the SVAR reports a statisticallgrsficant reaction of unemployment (see
Figure 15 in the Appendix). Intuitively, a shock to the cosrgmetercy shifts the convex cost
function of short-time work and thereby makes the use of STWemattractive, also for marginal
workers, and thereby exerts a stronger effect on unemployn@rr exercise shows two things. First,

“3In order to prevent any dependence on the starting valuesimdate 1,068 periods and discard the first 1,000 periods.
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Figure 6: Impulse responses of a positive autocorrelated shoak(left column) and taD (right column). Impulse
responses are given as deviations from the steady statesolitidines show the theoretical impulse responses. The
dotted lines show the mean and the dashed lineSGfeerror bands of the responses estimated from the SVAR
applied to 1,000 simulations of artificial data from the mode
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our SVAR methodology is able to detect statistically siguaifit effects of discretionary STW if they
are sufficiently powerful. Second, the discretionary ST\WcHis in the data resemble more eligibility
(D) shocks in the model than cost shockg ).

Our SVAR identification is based on a long time series. We ktioat the discretionary shocks
were larger in the Great Recession. In addition, they mag een of different nature. However,
we have no signs that these issues would change our resulttlfie ineffectiveness of discretionary
STW in Germany) in a meaningful way. First, simply doublihg D-shock (as corresponding to the
shock size in the Great Recession) would not yield any $tatily significant results either. Second,
including dummies for the Great Recession or controlling tfe maximum duration of STW in
robustness checks for the SVAR in section 4.3 leaves our maints unaffected. Our methodology
comes to the conclusion that discretionary short-time vabricks in Germany, both in and outside
the Great Recession, were ineffective (or the effects wavesiall to be measurable in a statistical
sense). However, our structural model simulation and thARS¥stimations based on simulated
data shows that discretionary STW shocks can be designediay auch that they have an effect on
unemployment. First, they should make sure that STW becomees attractive for marginal workers.
Second, they should be implemented in a persistent fashials® affect expectations of firms which
are not in financial difficulties yet.

6.3 Automatic stabilization
6.3.1 Baseline scenario

Figure 7 shows the impulse responses to a negative, oneastiaeViation shock (normalized 16%)

to aggregate productivity, with autocorrelatior).95 (see solid lines for IRFs in the economy with
STW). A drop in productivity reduces the value of a filled j@bwhich implies that firms post less
vacancies. Consequently, the labor market tightflessd the hiring rate) decrease. The decrease
in productivity also has a negative effect on the firing thodg v{, i.e., the endogenous firing rapé
goes up. The increase in firing and the reduction in hiring aa fall in employment and output
and an increase in unemployment. Due to our assumption af €igets of production, our model
replicates two important stylized facts of the businesdecyé-irst, our model shows a Beveridge
curve, i.e., a negative correlation between unemploymedtvacancies. Second, the labor market
variables are more volatile than productivity and outpute Ftandard deviation of unemployment in
our simulation is3 times larger than the standard deviation of the underlynoglyctivity shock.

What happens to STW in a recession? With a negative aggnegatectivity shock, more worker-
firm pairs are automatically eligible for STW and the sharevofkers on STW increases. However,
the average quality of workers on STW increases in a reagsB&cause more low-quality workers
are fired. It follows that the average reduction of workingitsodue to STW decreases. Overall, hours
per worker in the economy fall.

Remember that this is well in line with the stylized factsgameted in Section 2: the extensive
margin of STW (the share of workers on STW) moves counteicaity while the intensive margin

32



Productivity Unemployment Job—finding rate

-0.2 0.4 0
2
£
, 04 S _ 05
= ) c
@ o) @
o _ IS4 o _
5 0.6 g s 1
o @ o
<4
-0.8 7] -1.5
o
-1 -2
0 10 20 30 0 10 20 30
Output Vacancies
0 0
-1
€ € €
[} (9] [}
IS4 e e -2
[ [0 [
o a o
-3
-15 0 -4
10 20 30 0 10 20 30 0 10 20 30
STW,x Hours reduction due to STW x 1g° Hours per worker
3 0 -0.5
25 1
IS € -05 €
g 2 g 8
5 5 5 1o
o 15 L o
1 -2
0.5 -15 -2.5
0 10 20 30 0 10 20 30 0 10 20 30
Quarters Quarters Quarters

Figure 7: Impulse responses of a positive shock to aggregate predyctmpulse responses are given as deviations
from the steady state. The shock is implemented as a tenypautoregressive reduction in aggregate productivity.

of STW (the average hours-reduction of a worker on STW) igymilical. Overall, hours per worker
fall in recessions. Our model replicates all those facty vegll. In the dynamic simulation, output
and the share of workers on STW have a correlatior@B6. Output and the average reduction of
working hours have a correlation 6f96. The respective values in the German data-aber4 and
0.49.44

In order to assess the role of STW as an automatic stabilfzbiedabor market and the macroe-
conomy, we compare an economy with and without STW. We kedgpaghmeters the same in both
scenarios. This assures that our stabilization resulta@trdriven by parameter changes, but has the
drawback that the steady states differ between the two Bosni#n Section 6.3.2 below we recalibrate
the model without STW so that both models yield the same gtetade and show that the differing
steady states are not responsible for our results.

The second column in Table 3 shows the difference in theiliblatf output and unemployment
for our baseline scenario with constant parameters. Theepoe of STW reduces the standard de-
viation of the cyclical component of output by rought¥; and reduces unemployment fluctuations
measured by the absolute deviation of the cyclical compomgmoughly 21%. With a negative ag-

4The coefficients of autocorrelation of the model also cquoesl neatly to their empirical counterparts. In the model th
coefficients of autocorrelation for both margins arel, while they are).83 and0.81 in the German data.
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Stabilization in% baseline lower firing costs  distortionary fixed
f=12 f=0 taxation steady states

Outputy 3.8 3.5 2.7 3.8 6.3
Unemployment:  21.2 13.1 6.5 21.2 14.9

Table 3: Reduction of the standard deviation in the model with STW parad to the model without STW. We use
HP filtered deviations from steady state (smoothing paramet 1, 600). For output, we use log-deviations, for
unemployment level deviations, since this variable isalyedenoted as a percentage.

gregate productivity shock, more firms are automaticallgilde to use this instrument. Thus, in
contrast to the economy without STW, some firms reduce th&ingtime instead of firing workers
and, therefore, reduce unemployment fluctuations.

The stabilization of unemployment comes at the cost that $Tdices firms to keep unprofitable
workers employed, who would otherwise have been fired. Withwithout STW, the average qual-
ity of the workforce increases in a recession because vekatimore unprofitable workers are fired.
This effect tends to counteract the decrease in aggregatkigtivity and thus reduces fluctuations
in aggregate output. Since less workers are fired, the awayaglity of the workforce increases by
less in recessions in the economy with STW compared to theoaep without STW. Put differently,
we have two counteracting effects: On the one hand, STW esducemployment fluctuations and
thus output fluctuations via the production function. Ondtteer hand, STW reduces the stabilizing
effect of adjustments in the quality of the workforce (smaltleansing effect of recessions). Natu-
rally, the first effect dominates, but the second effect iegpthat STW stabilizes output by less than
unemployment.

Is a stabilization oft% of GDP fluctuations an@1% of unemployment fluctuations a lot? To
evaluate the cost-effectiveness of the automatic stakibz, we have to relate the stabilization effects
to the expenditures. Between 1998 and 2011 on averageof all workers are on STW. The average
costs of STW accounted for just01% of GDP in our model. In the data, the cost of STW in
terms of GDP wag$).03%.*°> How does this compare to other automatic stabilizers sudheagax
system? The estimated size of the automatic stabilizatidheoincome tax system depends on the
employed methodology and the analyzed country. The egisiterature predicts an automatic output
stabilization betwees% and30% (see Table 2 in in't Veld et al., 2012). Given that the incomme t
system accounts for roughly)% of GDP in the OECD average (see OECD Statistics, OECD, 2012b)
the stabilization through STW appears to be large relatitbe costg®

45To calculate this number, we have used the gross transfersri@rs due to STW according to the balance sheet of the
Federal Employment Agency. At the peak in 2009 the costs wés%% of GDP.

“6Note that we compare the income tax system to STW based ongBBies and stabilization effects only, not taking
into account other potentially important aspects such aseffect on governmental revenue or the reduction of income
inequality.
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6.3.2 Robustness

In a first robustness check, we reduce firing costs fado?s of quarterly productivity (i.e.60% of

the annual productivity) td20% and 0%, respectively. All the other parameters remain the same.
Two results are worthwhile to be pointed out. First, loweinfircosts lead to a smaller automatic
stabilization effect of STW. In this case, frictional cofitsctuate less and, hence, the possibility of
STW to dampen these fluctuations is reduced. Second, STVgtalsitizes an economy without firing
costs. This certainly does not correspond to German itistits, but it illustrates that firms have an
incentive to use STW even when firing is costless. This is #se cbecause finding new workers is
costly in a labor market with search and matching and, traregdabor hoarding is optimal.

Next we assume that additional expenses due to the cychertion in STW are financed by an
immediate increase in a distortionary proportional incdee*’ Given that we assume a balanced
budget, the bargaining outcome is directly affected by taxdases. As expected, a distortionary
financing of STW reduces the unemployment stabilizatioaoté$f (although only in the second digit,
i.e., this is not visible in Table 3). The reduction is susprgly small. The reason is that the STW in
our model is very cost-efficient and thus the extra costs atagsion due to the automatic reaction of
STW are small.

In order to exclude that our results are driven by steady sfaifts, we adjust the standard devia-
tion of the idiosyncratic profitability shocks and the vaoaposting costs to obtain the same steady
states for the labor market flows in all versions of the md8éhterestingly, with fixed steady states
all results are very similar compared to the scenario witedigarameters. In our baseline scenario,
output fluctuations drop bg% and employment fluctuations byy%. Lower firing costs lead to
somewhat less stabilization and distortionary taxes l&@@esults almost unchanged.

6.3.3 Simulation for the US economy

So far, we have performed our simulations based on German tabrket flows (which are roughly
three times smaller than in the United States), collectargining and substantial firing costs. Low-
ering firing costs has indicated that labor market instigiare important for the quantitative results.
To obtain an idea about the potential effects of STW in an@saylon country, we repeat our exercise
under standard individual Nash bargaining, where the ttpemmt of worker and firm is the termi-
nation of the match, and recalibrate the model to match theet#®omy. This is of course only a
rough gquantification of the potential stabilizing effecfsSTW in the US, since, in contrast to our
earlier analysis, it is not based on an empirically estiohalasticity of STW. However, this scenario
demonstrates that STW is likely to be less stabilizing inerftexible labor markets.

“"The bargaining equation changesuip= ~a; + (1 — v) b/(1 — 71), wherer, is the proportional income tax.
“8Note, however, that we do not adjust the fixed costs of préoicivhich are the driving force for the amplification and
the elasticity of STW with respect to output.
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The wage is then given by
wi (e¢) = v (as — e — ¢y + K0;) + (1 — ) b. (26)

Note that in contrast to our baseline with collectively tzngd wages, the wage now depends on the
tightness of the labor markétand the idiosyncratic profitability of a worker The latter implies
that the risk stemming from idiosyncratic shocks is shametvben worker and firm. Note, however,
that there is still scope for STW. Due to costly hiring (vatias are associated with costs and are
only filled with a certain probability), the future value ofxrker is positive. This implies that some
workers are retained even though they generate contergmrariosses. Putting these workers on
STW reduces the losses they generate and is therefore balfeli¢he firm.

In our parametrization, we target US labor market flows, rigragob destruction rate di.1, a
job finding rate of0.81 and a worker finding rate df.7 (Krause and Lubik, 2007). The efficiency
of the matching function, the costs of posting a vacancy hadstale parameter of the idiosyncratic
profitability distribution are used to match these targktdine with US institutions, we set firing costs
to zero and the replacement ratetd. All other parameters remain the same (and are summarized in
Table 8 in the Appendix). We run two STW scenarios: one with@erman parametet; and one
with the German steady STW rate which necessitates a recalibrationcgf (values in parentheses
in Table 8 in the Appendix).

Using the same parameter value for STW cegtsas in our baseline calibration leads to a much
lower STW take up than in our previous simulations. The sbamorkers on STWy, in the steady
state drops from.7% to 0.1%. This is not surprising. Lower firing costs and larger labarket flows
imply that adjustments via the extensive margin are mucleeasd less costly than in our baseline
scenario. Additionally, the flexibility of individually igained wages allows easier adjustments in
response to idiosyncratic shocks. Thus, the possibilitadjust via the intensive margin appears
much less attractive. This is, in fact, well in line with Figu8 in the Appendix, showing that STW
is not much used in the United States. Naturally, this leadauch lower stabilization (see Table 4).
Output fluctuations are reduced by orily % and unemployment fluctuations are reduced)y%
compared to an economy without STW.

Stabilization in% German case US case

baseline Germanxy German STW share
Outputy 3.8 0.1 0.5
Unemployment, 21.2 0.7 4.0

Table 4: Reduction of the standard deviation in the model with STW garad to the model without STW. We use
HP filtered deviations from steady state (smoothing paramet= 1, 600). For output, we use log-deviations, for
unemployment level deviations, since this variable isalyedenoted as a percentage.

Suppose next that the US government promotes the use of STWheigoal of achieving a sim-
ilar steady state proportion of workers on STW as observégkirmany. To analyze this scenario, we
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recalibrate the STW costg to 3.5, which implies that the STW ratg rises t00.7%. Nevertheless,
the stabilization through STW over the business cyclelisnstich lower than in our baseline scenario
for Germany. Table 4 shows that unemployment fluctuatioasesiuced byt% and output fluctua-
tions by0.5%. Based on the most optimistic stabilization results, a fEfethe envelope calculation
suggests that STW would have buffered the increase in US plogment from 5 to 10% in October
2009 by only 0.2 percentage points, i.e., to 9.8%. Agairs ihidue to the higher flexibility of the
US economy. Making STW cheaper, implies of course that mamesfuse it in steady state, but still
the other margins of adjustment appear more attractivesiporese to business cycle shocks. Overall,
our analysis suggests that STW can be an important margidje$tanent for otherwise rigid labor
markets, but the additional benefit for labor markets whighadready flexible is rather limited.

7 Lessons and outlook
"... it's time to try something different." (Paul KrugmarQ(D)

Does our analysis suggest that Paul Krugman (2009) is rigdtt $TW was an important job
saver in the Great Recession? We argue that STW can act asaxfploautomatic stabilizer, but
that the empirical evidence concerning discretionarygyotihanges shows no effects. According
to our SVAR evidence a discretionary change in STW policy tagffect on unemployment. Our
theoretical model provides a plausible explanation fas fhizzling result. A discretionary loosening
of the STW eligibility criterion only subsidizes worker+firpairs that would not have been destroyed
even in absence of the intervention. If the discretionatgrirention is used in a transitory way, firms’
future expectations remain unaffected and no additiorad gre saved. In contrast, rules both have a
direct effect on unemployment through a reduction of thadithreshold and indirectly affect firm’s
hiring and firing decisions via future expectations.

These results suggest that it is crucial to disentangleettwas components. One additional worker
on STW due to a discretionary intervention may have no effeoitle one additional worker on STW
due to automatic adjustments may stabilize the economydiffetentiating these two different cases
may lead to biases when estimating the effects of STW on tleeameonomic level.

Our empirical results for the discretionary component ofAGdre derived from a SVAR for the
post-reunification period (note that it is impossible to mBVAR just for the crisis). Since the
results remain largely unchanged when we include dummieddep recessions (Great Recession,
unification and oil price crises), we infer that the dis@eéry interventions in Germany in the Great
Recession did not save jobs.

However, the automatic stabilization effects of STW wesoalt work in the Great Recession.
When we feed a GDP shock into our SVAR that leads t6& decline of GDP, equivalent to the
German peak-to-trough movement in the Great RecessiordéBamd Hunt, 2011), this shock gen-
erates an increase of unemploymentt@2 percentage points within a year according to the SVAR.
To quantify the automatic stabilization effects of STW ie fBreat Recession, we feed an aggregate
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shock into our model with STW that also leads to a peak ineredanemployment of.82 percentage
points. In the model without STW the same aggregate shods l#Eaan increase of unemployment
of 6.11 percentage points. Thus, our counterfactual analysisqisethat the automatic component
of STW has prevented an increase in German unemploymen2®percentage points, i.e., it saved
roughly 466, 000 German jobs in the Great Recession.

Our calculation suggests that STW saved many jobs but STWeatannot explain the non-
response of unemployment in Germany in the Great Recessgidditional forces must have been
at work. Méller (2010) and Burda and Hunt (2011) point toveatite role of working time accounts,
which gained importance in the recent years and have catediio make the intensive margin more
flexible in the Great Recession. Boysen-Hogrefe and GrolL.Q2 show that unit labor costs (wages
normalized by productivity) fell a lot before the recessidrhis may have had an impact on firms’
labor demand. Burda and Hunt (2011) argue that firms werdyopessimistic in the 2005-2007 eco-
nomic upturn, did not hire enough workers and thus had tocedoe employment stock by less in
the Great Recession. Clearly, some or all of these aspedis lbe incorporated into our model-based
analysis. We leave this to future research and focus on a detadled investigation of STW instead.

Thus, Krugman is right that STW has indeed contributed toGleeman labor market miracle.
But our analysis also shows that the institutional setupusial for the automatic stabilization effects
of STW. According to the model simulations, economies wattgér firing costs and collective wage
bargaining can expect stronger stabilization effects f&¥V. Individually bargained wages allow the
adjustment of wages in response to idiosyncratic shock.eadllective bargaining this adjustment
is precluded, implying that idiosyncratic shocks are marstly to the firm. STW partly reduces the
inflexibility imposed by collective bargaining and theretigbilizes employment.

Large firing costs make it costly to adjust along the extansnargin. In such an environment
STW increases the flexibility of the intensive margin of labdjustment and hence prevents firings
that constitute resource costs to the firm and the econontyucCand Carcillo (2011) show that there
is indeed a positive cross-country correlation betweeratteeage level of firing costs (measured by
the OECD employment protection legislation index) and thé/Sake-up rate in the Great Recession.
Policy makers seem to understand well that the largest heméfSTW can be reaped in economies
with large firing costs.

Although the purpose of this paper is of pure positive nafuee, quantifying the effects of the
discretionary and rule-based component of STW), some wondhe normative dimension are in
order. Does STW improve welfare and is it therefore desérdt policy makers? Typically, general
equilibrium search and matching models assume a largeyfamitth consumption pooling and risk-
averse agents. Under these assumptions, less volatileroptisn improves welfare. Given that we
have modeled a closed economy without government spendiog(§t for STW expenses), output is
equal to consumption in our framework. We have shown in Taltheat STW stabilizes consumption
fluctuations and thereby increases welfare. Interestinlgey/results are of similar size with propor-
tional income taxes, i.e., they continue to hold when STWtbds® financed in a distortionary way.
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However, we would like to emphasize that our analysis ladksesdimensions that may be desirable
in the context of a fully-fledged welfare analysis. Two imaot motives for STW are the prevention
of loss of human capital and the stabilization of consunmpfmr those who would have otherwise
lost their job. The first aspect is only contained in an inttiway in our analysis. Firing generates
resource costs that can be prevented in the presence of SdWéudr, human capital losses would
have a different timing. The second effect could only be ipocated in a model with heterogeneous
savings decisions. Thus, we conclude that our analysisgigestive that STW is clearly desirable.
However, we leave a more detailed analysis and a precisdification of welfare gains for future
analysis.
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Appendix

A Supplementary tables and figures

Variable

Source

Short-time workers
Employment
Unemployment rate
Hours worked

GDP

GDP deflator

CPI

ifo business climate index

3-month money market rate

Consumption
Gross investment

German Federal Employment Agency
German Federal Employment Agency
German Federal Employment Agency
Institute for Employment Research
Deutsche Bundesbank
German Federal Statistical Office
German Federal Statistical Office
ifo Institute for Economic Resha
Deutsche Bundesbank
German Federal Statistical Office
German Federal Statistical Office

Table 5: Data sources. We take quarterly averages of all monthlgsesince not all data is available at monthly
frequency. All series are seasonally adjusted using CEX42sARIMA procedure.

All 2003 2006 2009 2010
Observations 64,056 16,067 15,912 15,909 16,168
Firms using STW 4202 622 231 1648 1701
Mean of STW/EMP, in % 3.34 2.03 0.74 5.63 4.93
Mean of STW/EMP, in %, only STW firms ~ 50.90 5241 5155 54.37 .906

Table 6: Descriptives on STW data in IAB establishment panel
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Response in output Response in unemployment
Sign  (grt.) Significantin qrt. Sign (qgrt.) Significant in grt

Baseline (1993-2010)

baseline - 1) 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

with consumption growth as control - (0) none + none
+ (1) none

with investment growth 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 7: Summary of robustness checks. The table reports the sigsigmificance of the responses in output and
unemployment to a STW policy shock. Significance is base@0éf bootstrapped confidence bands. Each row
reports the sign of the response, the corresponding hofiaa@juarters) in which the sign occurs, and whether the
response is significant or not. When the sign of the respeitipulse-response changes, the next row indicates this
change, the corresponding horizon and the significance.
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Parameter Value

German type US type
economy economy
8 discount factor 0.99
K cost of posting a vacancy 1.21 0.34
@ matching elasticity w.r.t unemployment 0.60
I matching efficiency 0.43 0.77
b/w replacement rate 0.65 0.4
f linear firing costs 2.40 0
s scale parameter of profitability distribution 1.03 0.32 (0.34)
CK shift parameter in STW cost function 20.22 20.22 (3.50)
a productivity 1
cr fixed cost of production 0.23
Steady state targets Value
q worker finding rate 0.70
10) overall job destruction rate 0.03 0.1
endogenous 1/3, exogenous 2/3
n job finding rate 0.31 0.81
U unemployment rate 0.09 0.12
X short-time work rate 0.007 not targeted.007)

Table 8: Calibration of US type economy.

United Kingdom
Sweden
Iceland
Greece
Australia
Poland
Portugal
New Zealand
United States|

Netherlands
Slovak Republi
France
Spain
Ireland
Switzerland
Czech Republi
Finland
Japan
Luxemburg
Germany
Italy
Turkey
Belgium

1
0 1 2 3 4
STW as percentage of employment

o+
»

Figure 8: STW as a percentage of total employment across OECD cosimr2009 (Cahuc and Carcillo, 2011).
We thank Pierre Cahuc for providing the data set.
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Log of short—-time workers over employment

1

7975 1980 1985 1990 1995 2000 2005 2010

Year

Figure 9: Short-time work in Germany 1975-2012. The series depietsad of the number of short-time workers
as a fraction of total employment.

Correlation with employment growthCorrelation with GDP growtt

0
leads/lags

-5 -4 -3 -2 -1 0 1 2 3 4 5
leads/lags

Figure 10: Correlation of number of short-time workers as a fractioemfployment 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 correspondidg5 to 2010, gray bars show the short
post-reunification sample corresponding to 1993-2010.t8\hars show correlations over the long sample without
STW peaks in the 4 recessions.
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Figure 11: Estimated output and STW shocks from baseline VAR. The ahsbges shows the actual shock, the
solid series is smoothed with a centered moving averagefaitheads and lags and triangularly declining weights.

SVAR estimated with STW per employed workers, GDP growth ameimployment (all in logs) for 1993Q1 to
2010Q4.

Months
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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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Figure 13: Impulse responses to policy shocks for different outputtedities of STWr. SVAR estimated with
STW per employed workers, GDP growth and unemploymentrfatigs) for 1993Q1 to 2010Q4. Quarterly
responses to a positive one-standard deviation shock. deoek intervals ar@0% bootstrapped bands with 10,000
draws.
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Figure 14: Robustness for impulse responses to STW policy shocks. S3#iRated with log STW per employed
workers, GDP growth and the log unemployment rate for 1998(2D10Q4. In the left column, we add recession
dummies, in the right column, we add a the maximum STW eligytperiod as control to the SVAR. Quarterly
responses to a positive one-standard deviation shock. dgoei intervals ar@0 percent bootstrapped bands with
10,000 draws.
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Figure 15: Impulse responses of a positive autocorrelated shoak(left column) and ta:x (right column).
Impulse responses are given as deviations from the steaidy Jte solid lines show the theoretical impulse
responses. The dotted lines show the mean and the dashethiin®0% error bands of the responses estimated
from the SVAR applied to 1000 simulations of artificial datarh the model.
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B Derivation of the theoretical model

B.1 Matching on the labor market

The labor market is subject to matching frictions. Unemptbworkers search for a job and find one
with probability; < 1. Firms have to pay a per period vacancy posting gdstsearch for a worker.

A searching firms finds an unemployed workers with probahbilit< 1. We assume that a vacancy
that is filled today only becomes productive in the next gkribhe probabilities); andq; depend on

the tightness of the labor markét = v /u;, the share of open vacancies to searching workers. The
total number of new matches is given by a Cobb-Douglas cohstturns matching function

a, l—a
my = Juyg Uy )

wherew; is the number of searching workers, is the number of open vacancies,is the elastic-
ity of the matching function with respect to unemploymend an> 0 is the matching efficiency.
Consequently, the worker finding rate= m. /v, and the job finding rate, = m./u, are given by

@ = po,
mo= pb "

The present value of a vacancy is defined as
Vi =~k + BEqJip1 + BB (1 —qt) Viga.

whereJ, is the value of a filled job. We assume free entry of vacancigsiwimplies that in equilib-
rium V; = 0V ¢t which simplifies the above equation to

k = BEqiJii1-

In equilibrium, the vacancy posting cost has to equal theetqul payoff of the vacancy, which con-
sists of the probability to find a worker and the expectedevaliia successful match.

B.2 Production and short-time work

The output of a filled job depends on aggregate productivitgand an idiosyncratic componesnt
that is drawn each period from a random distributio@;). This is a standard way of endogenizing
separations in the search and matching framework. Worledrrgd immediately in case theif is
above the firing threshold{ . Different to the standard setup, workers who do not get finégght
either work full time or be sent on short-time work (STW). Awgthis choice is determined by the
draw ofe, so that workers with; < vf work full time while workers withw} < &, < vtf are on STW.
The short-time work threshold’ is defined below. Correspondingly, the expected value obgfbre
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the realization of the idiosyncratic shock is known is gimn

k
Vit
Jip1=(1- ¢m)/ (at+1 —wir1 (€441) — 6t+1)9(5t+1)d6t+1

—00

k
t+1

v{+1
+ (1= ¢m)/ {(aﬂ-l — w1 (Er41) = &r41) (1 = K (e141)) — C(K (€t+1))}g (et+1) dets1
- (1 - ¢t+1) Cf— (1 - ¢$) ¢§+1f + (1 - <75t+1) Et+1/8Jt+2-

The wagew (¢;) potentially depends om;,*® ¢” is the rate of exogenous separation$, =
fv"fo g (1) dey is the rate of endogenous separations and
t

b1 = 9" + (1 = ¢%) P11,

is the rate of total separations. The first line in the equatibove shows the operating profits gen-
erated by the workers who work full time, aggregate proditgtia; . ; minus wagesuv;; 1 minus the
idiosyncratic component. The second line shows the omgratiofits generated by the workers on
STW. The working time of these workers is reduced &ye,,1). This reduces output and wage
payments but implies a cost of using ST@( K (;+1)). The third line shows the fixed cost of pro-
duction,cy, which accrues for every employed worker, the cost of firirgkers, f, and the expected
future value of retained workers.

Note that without STW, the above equation for the expectéaevaf the job collapses to

s
Vi1
Jip1=(1— ¢x)/ (at+1 — Wiyt (441) — €t+1>9(€t+1)d€t+1

— 00

—(I=ey1) cp — (1= ¢") dir [+ (1 = de41) Er18Je42,

which is the standard equation in search and matching matiekewdogenous separations.
Next we discuss the determination of the two threshold \sab{ieandvf, and the extent of STW
usage. The value of an employed worker with realizatiowho is not on STW is given by

Jt (5,5) = Qt — Wt (5,5) — & —Cf + ,BEtJt+1.

We assume that the government defines an eligibility coitefp; for STW such that only workers
whose value is below that threshold are allowed to be senfTlak S

ay — Wy (5,5) — & —Cyf + 5EtJt+1 < Dt-

“SFor our baseline model, we assume collective wage barggimiplying that the wage does not dependtpnHere, we
define the wage more generally and discuss different wade.be
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Thus, we can define a threshold lew§lfor the idiosyncratic componeat
?}f = Qa; — Wt (?}f) + ,BEtJH_l —Ccf — D;.

In case thatD; = f, the STW condition is equivalent to the firing condition in adel without
STW. In our calibration this condition holds. The governinamly allows STW usage for worker-firm
pairs that would have been destroyed in the absence of STW.

When a worker is eligible for STW, the firm has the option taiatplong the hours margin. STW
usage is subject to convex STW costs

C(K (=) = CK%K(@)Q,

which assures interior solutions. The firm chooses the @btiavel of the working time reduction
K (¢) by maximizing the contemporaneous profit of a worker on STW

mas e = (a0 — wi (e0) = &) (1 K (gt)) —cp— C(K (gt)).
Note that the reduction in working time does not only reddw dutput of the worker but also

reduces the wage payments and the idiosyncratic cost. Hawiedoes not reduce the fixed cegt

which is independent of the production level. The optimalrisaeduction of STW for a givesy is

. ar —wy (e¢) — €
K (e = -2 =2

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

(at —wy(5) — 625) (1-K () - C<K (et)) — ¢+ BEJi < —f.

This defines a firing threshokﬂ[ at which the firm is indifferent between firing and retaining a
worker on STW

5 f C (K@)
=) et EKJZZ}) -k (of) 1(K(;f)>

Now we are able to define the endogenous separation rate

¢§ :/f g(gt) dey,

t

54



and the endogenous short-time work rate

B.3 Employment dynamics

Employment in period is equal to those workers who have not been fired and those aleleen
newly hired (from the pool of unemployed) and not immediafekd

ne=(1—¢e)ne—1 + (1 — d¢) p_1us—1.

Note thatu; = 1 — n;. Then,
g = (1— ) n—1+ (1 — d¢) m—1 (1 —ny—1).

B.4 Wage bargaining
B.4.1 Collective wage bargaining

Collective wage bargaining is the predominant regime irtinental Europe and in Germany. There-
fore, we use a simple model of collective wage bargainingftorbaseline scenario. We assume that
the wage is bargained between the median firm and the mediambent worker for whom the real-
ization of the profitability shock equals its expectatiorzefo, which implies that the median worker
will not be on STW. Every worker who is working full time eartiss wage. Every worker who is on
STW gets a share of this wage, according to her working tirhes (pome reimbursement for the lost
wage income). Hence, the wage does not depend on the idrasignprofitability of a worker, i.e.,
wy(e) = wy.

The profit of the median worker-firm pair (with idiosyncraficofitability shock zero) of a match

Fy=a; —wi —cf + EiJi41.

In case of disagreement, production will come to a halt (@lge to a strike) and bargaining will
resume in the next period. This stands in contrast to thedatdnassumption under individual bar-
gaining where the match is destroyed in case of disagreefeeatbelow). However, under collective
bargaining it is unlikely or impossible that all workers bate unemployed in case of a disagree-
ment>° Hence, the match is not destroyed due to a disagreement., feugallback option of the
firm is a strike scenario with no production:

Ft = —Cf + ,BEtJt+1.

%0n Germany it s illegal to fire workers due to a strike.
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The median workers’ surplug” from a match is

Wi = wy + BE: (1 — ¢pg1) Wi + BE 141 Us 1,

whereU is the value of unemployment. The workers’ fallback optioder disagreement is

Wi = b+ BE; (1 — ¢r1) Wit1 + BEdr11Us11.

This means that in case of no production, workers are asstor@itain a paymerit, which is equal
to the unemployment benefits.
Defining~ as workers’ bargaining power the Nash product is given by

~ \7 ~\ 1=
Ht == <Wt - Wt) <Ft - Ft)
= (wt — b)V (at — wt)l_v .
Maximizing the Nash product with respect to the wage yields
(1 =) (we = b) = (ar —wy),

or
wy =yag + (1 —7)b.

B.4.2 Collective wage bargaining with income taxes

With proportional income taxes the value of a worker changes to

Wi =wy (1 —7) + BE (1 — ¢p1) Wit + BEi 41U

Thus, the maximized Nash product yields

(1 =) (we (1 =7) = b) =7 (ar —w) (1 — 7).

And the wage with income taxes is

1—
wt:'yat—i——fyb.
1—Tt

B.4.3 Individual bargaining

Alternatively let us assume that each worker-firm pair bagandividually over wages and that the
government does not allow the usage of STW to have an impaitteowage. The profit of the firm
now depends on the idiosyncratic component

Fy(e1) = ar —wy (6¢) — ¢ — ¢y + EyS (1 — ppy1) Fygr-

56



Note that we now use the conditional value of a fgh; (conditional on survival), instead of the
unconditional value/;, 1 because this simplifies the derivations to follow. In caselishgreement,
the match is destroyed. The firm can post a new vacancy, butithe of an open vacancy is zero due
to the free entry condition. Thus, the fallback option is

F =0,
The worker’s surplug¥ from the match is
Wi (et) = wi (&) + BB (1 = ¢ri1) Wi + EiBde1Urra,
The workers’ fallback option under disagreement is unegmint
Up = b+ EifBne (1 — dpy1) Wer + EeB (1 — 0t (1 — div1)) Uppr
Again the Nash product is
I = (Wt (€t) - Ut)7 (Ft (€t) - Ft) 1777

implying the following functional form

(L =7) (Wi (er) = Up) = vFi (&) s

which yields

we(er) = y(a—er—cp)+(1=7)b+
BBy (1= ¢ri1) Frpr + (1 =) (0 — 1) (1 = bt41) (Wig1 — Upy1)] -

Since(1 — v) (Wy — Uy) = «F; holds for anye this can be simplified to

wi(e)) = v(ag—eg—cp)+(1—=7)b+
EB 1y (1= dr1) Frpr +v (e — 1) (1= ¢pr1) Frpa]
= vy(ag—egr—cp) + (L =) b+ Efyne (1 — ¢q1) Fryr.

Noting thatx/q; = SE; (1 — ¢¢41) Fi+1 @andmn; /g = 6, this becomes
wy (e¢) = (ag —er —cp) + (1 — ) b+ ykb;.

This is equation (26) in the main text.
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B.5 Budget constraint
B.5.1 Lump-sum taxes

In our baseline version, we assume lump-sum taxation. Teegate (which is necessary to know the
government costs for STW), it is useful to define the stock ofkers at the beginning of the period
(before separations take place).

nf =mn1+ 1 (1 —ne1).

The budget constraint is

of
B kat K (&) g(e)des
b(1— ")y xe— N +buy = Ti,
t

whereT; are lump-sum taxes. Using the definition of total separat{@guation 12 in the main text),
the law of motion for employment (equation 18 in the main)textd the beginning-of-period stock of

workersn?, we know thati e = (1 — ¢®)nP. This results in equation (24) from the main text
t

ng

b
1—¢f

f
Ui
/k K (615) g(E)dEt + but = Tt.

B.5.2 Income taxes

In a robustness check, we assume proportional income taxks gollective bargaining. We assume
that the extra-expenses due to short-time work are finangdti®tax. Thus, the modified budget
constraint is
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B.6 Aggregation

Output is equal to production minus frictional costs (fixedts of production, firing costs and vacancy
posting costs). As a result, output is

I (0 — e g (e) de

Vo= (7 (10— ) P
UK @) (e g (o) de
(1= ") P -

— ey — (1= ¢")nP ol f — vh.

Using -2 = (1 — ¢%) n, we obtain expression (25) from the main text

1-¢¢
ne [ ng [
i = —— (ar —&1) g (e¢) de + — (1 —K(e¢)) (ar —e¢) g (er) de
1 ¢t —00 1 ¢t vf
n
_’I’Lth — 1_—t¢%e¢§f — UVtR.
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