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Abstract

In the Great Recession most OECD countries used short-tior& (publicly subsidized
working time reductions) to counteract a steep increasenemployment. We show that
short-time work can actually save jobs. However, there igrgortant distinction to be made:
While the rule-based component of short-time work is a effstient job saver, the discretionary
component appears to be completely ineffective. In a casly$br Germany, we use the rich
data available to combine micro- and macroeconomic eviglerith macroeconomic modeling in
order to identify, quantify and interpret these two compaa®f short-time work.
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1 Introduction

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

In the Great Recession 25 out of 33 OECD countries used shwtwork as a fiscal stabilizer.
In countries such as Germany, Italy and Japan, more 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 7 in the Agipem Boeri and Bruecker, 2011). Yet,
our knowledge about the business cycle effects of shoe-tivark (STW henceforth) is limited so
far. The purpose of this paper is to use German microeconantdanacroeconomic data as well as a
macroeconomic model of the labor market in order to studydleof STW as a fiscal stabilizér.

Germany has had a long tradition of STW and has used STW alsimlewf recessior’ Further-
more, Germany offers rich microeconomic data on the use & 8Testablishments. In Germany,
firms can use STW at any time subject to a set of rules. In oaléeteligible, a firm has to con-
vince the Federal Employment Agency (“Bundesagentur filveRtf) 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 apptioait partly compensates workers for
their lost income. The purpose of this instrument is to eragel 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 bddms, similar to the tax system, the in-
stitution STW as such can have automatic stabilizatiorcefféMe call this the rule-based component
of STW. Beyond this, the German government frequently ifatéls the use of STW in recessions,
i.e., there is also a discretionary component of this policy

From the perspective of employers and forward-looking eympent relationships, one might ex-
pect that discretionary and rule-based components of STW faher different effects on the econ-
omy. An important goal of this paper is to disentangle theeptiglly different effects of these two
features of STW. Fortunately, the availability of both noieconomic panel data and macroeconomic
time-series data from Germany makes this possible. In asihtrith existing studies, which do not
discuss the possible confounding of the two features of SW#/find that whereas the rule-based
component does work as an automatic stabilizer, discratyoSTW appears to have no effect on
unemployment. Given that many attribute much of the redfififavorable German unemployment
experience during the last recession to the extra effopisaaiding 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 toolketlamited.

1Recent empirical cross country studies on STW (Cahuc andilfdar2011, Arpaia et al., 2010, Hijzen and Venn,
2011, IMF, 2010 and OECD, 2010) found positive employmefeat$ but were restricted to the Great Recession and thus
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 equilibriuBGE) models. See Braun et al. (2013) for a recent normative,
non-dynamic study, comparing the effects of STW to unemplayt insurance.

2See Figure 1 (solid line) for post-unification Germany amguié 8 in the Appendix for STW usage in Germany back
to 1975.

3See Burda and Hunt (2011, p. 297) for an excellent descniticGerman “Kurzarbeit”.



How can these findings be interpreted? We attempt at an arisyvéarmulating a model of
a frictional labor market with STW. This setup allows us tadst the relationship between STW
and unemployment explicitly. In particular, it highlighttse 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 assessnent.

Our research strategy consists of three interrelated ,steypsely the estimation of a microeco-
nomic elasticity, a structural vectorautoregression (BRYAnd the simulation of a macroeconomic
model of the labor market. We use establishment level dagstimate the automatic reaction of
STW with respect to changes in output. Since all firms areemtilip the same rules, we can use
the cross-sectional dispersion of STW usage and a measorgmft over time in order to estimate
this elasticity. This microeconomic elasticity is requifer two purposes: First, we use the elasticity
as a short-run restriction on the contemporaneous varmidtidween STW usage and output for the
identification of a SVAR in the spirit of Blanchard and Per¢2002). Second, it imposes discipline
on the parametrization of our macroeconomic model.

While the SVAR allows us to estimate the effects of discraiy STW policy interventions, the
macroeconomic model allows us to run a counterfactual aisabf an economy with and without
STW and hence, to quantify the automatic stabilizationot$feOur SVAR results show that the effect
of discretionary STW interventions on employment and udegmpent is not statistically significant.
However, we document a moderate stabilizing effect on dut@ur counterfactual model analysis
shows that STW acts as a fairly strong automatic stabilireaur baseline scenario, unemployment
fluctuations are reduced Ry % and output fluctuations are reduced4%y (compared to the economy
without STW)?

The model provides an explanation for the differences betwautomatic stabilization and the
effects of discretionary policy changes. The model cosgifa standard search and matching frame-
work with endogenous separations and firing costs in whiciVSg the only possibility of labor
adjustment along the intensive margin. This is a strongrapan which simplifies our analysis and
reflects the fact that, in Germany, labor adjustment aloagntensive margin mainly happens through
institutional channels such as STW (see Section 2 for aséon). Obviously, this assumption makes
our setup more suitable for positive than for normative wsisl

In our model, workers are subject to idiosyncratic profiigbshocks each period. Whenever the
profitability of a worker is low enough such that the workerulbotherwise 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, Sif8ttly reduces firing. By increasing
the value of a job, STW indirectly increases hiring. Duringeaession more workers become au-
tomatically eligible for STW. This implies that more of thabbr adjustment can be accomplished

“Faia et al., 2013 use a labor selection model and analyze SSTevia of several fiscal instruments to stimulate the
economy. Krause and Uhlig, 2012 use a search and matchinglralamhg the lines of Ljungqvist and Sargent, 2007 to
analyze the effects of the German Hartz labor market reforfiteey 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 aedule-based component, while we show that this distindson
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 thaitizzes 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.



through the intensive margin relative to the extensive mams intended by the policy. This way,
STW automatically stabilizes employment and, with it, atitpdn contrast, discretionary changes in
the eligibility criterion of STW do not lower unemployment our model if they are not used per-
sistently, and, hence do not affect future expectationenTthe policy change basically subsidizes
workers that would not have been fired anyway. However, thieypochange may have some effects
on aggregate output by reducing the working time of ineffitiorker-firm pairs and by reducing
aggregate firing costs.

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 theswifizsis matter for the effects of STW. In
an economy with flexible labor markets (low firing costs, legfiow rates, individual bargaining), the
stabilizing effects of STW are much lower than in an econonityr wgid labor markets. This result
corresponds neatly to the empirical fact that mainly caaatwith rigid labor markets make extensive
use of STW (see Figure 7 in the Appendix).

The rest of the paper is organized as follows. Section 2 deatsrsome stylized facts on STW
in Germany. Section 3 presents the microeconometric eg@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®llows 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 slanbing the future use of STW schemes
to be targeted explicitly to support employment, not to resnorkers against wage cuts. In 1975, the
legislature also established the reimbursement of wo@rsred by STW schemes to 6&% of the
current wage. This law is still in place tod&y.

The solid line in Figure 1 shows the quarterly fraction of keys that are covered by STW
schemes relative to total employment in Germany from 199300/ 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-peshification 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 lotskantil 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 inteagsnargin of STW in the shorter sample.
We use this additional information to check the validity af enodel®

5See Flechsenhar (1979), Will (2010) and Brenke et al. (2013)

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

8\We have information on the extensive margin of STW since 18@Bpare Figure 8 in the Appendix. The long series
consists of numbers for West Germany before and West andIeastany after the reunification in 1991. The data for West
Germany and total Germany perfectly co-move except for & giwwiod after the reunification in which STW was heavily
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Figure 1: The extensive and the intensive margin of STW 1993-2010.ekkensive margin of STW is measured by
the log number of short-time workers as a fraction of totapkryment. The intensive margin of STW depicts the
average hours reduction by those on STW as a fraction of wearsed when full-time employed.

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 Recessi@u(ition, the mid 1970’s and early 1980’s
in the long sample). About.5 million or 3.8% of workers in Germany were on STW at the peak of the
Great Recession in May 2009. But also outside the severssiecs, the graph documents substantial
variation in the series. STW usage both inside and outsiderasg@ecessions is negatively correlated
with growth in GDP and employment and hence the busines® ¢geke Figure 9 in the Appendix).
These contemporaneous correlations are potentiallyrdbyewo effects that are of interest to us: the
rule-based and the discretionary component of STW. In owtahim Section 5, STW automatically
increases in a recession because more firm-worker pairgprefitable and thus eligible to use STW.
Beyond this, policy makers may facilitate the access to S dliscretionary way. In Section 3 and
4, we estimate the rule-based and discretionary compofi&¥\W in the data.

2.2 Adjustment of labor input via STW

For the cyclical adjustment of labor input (total hours weak in Germany, the extensive margin
of labor input (number of workers) is more important than ititensive margin (hours per worker).
Between 1970Q1 and 2012QZ% of labor input in Germany is adjusted along the extensivegindr
Outside the large recessions, the extensive margin acctamrdbout3% of the overall adjustment of

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.

®We measure this as in Fujita and Ramey (2009) using the eydamponents (filtered with the HP filter with =
1, 600) of total hourst, hours per workeh and employment. The proportion of the intensive margin is given %

the proportion of the extensive margin is glven%(t—" Similar to the case of Germany, Reicher (2012) shows tteat th
extensive margin is most important for labor adjustment astof the continental European 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 annaihges from 1993 to 2010. Both series are HP
filtered with A = 1, 600, the hours per worker cycle is multiplied willd0 for presentational reasons.

labor input. In contrast to the US, the importance of adjestnalong the intensive margin increases in
recessions. This was the case in particular in the GreatsRiere( 0% adjustment along the extensive
margin versu90% adjustment along the intensive margin), as also documentBdirda and Hunt
(2011). Our model reflects the fact that labor adjustmenigakhe intensive margin becomes more
important in recessions. In particular, the model exckigifocuses on the possibility to adjust the
intensive margin of l[abor input through STW.

The intensive margin of labor input, given by hours workedwerker, can vary because the num-
ber of workers covered by STW programs (extensive marginTaW/pchanges since these workers
work fewer hours than the regular full-time employed. Haques 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 (withreelation 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
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. iDgia 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.

Figure 2 (dashed line) shows a measure of the reduction e§hwearked per worker due to STW
as the product of the hours reduction per STW worker and #wtiém of short-time workers in em-
ployment. This measure strongly comoves with hours worlexdemployee (solid line) in the econ-
omy (with a correlation of-.69 measured using cyclical deviations from an HP-trend). ddtyh this
simple correlation does not provide a formal test, it suggsat STW is an important determinant of



labor adjustment along the intensive margin. Complemgrtim 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 isvelatcostly 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. STW constitutes a regulatoryrfesvork which loosens working-time reg-
ulations for worker-firm pairs with bad idiosyncratic sheckarticularly in recessions. Taking annual
averages at a quarterly basis helps us to (at least parth wat the influence of other institutional
tools through which labor input can be adjusted within tharysuch as overtime or working time
accounts. Complementary, Burda and Hunt (2011) identifWSiE the most important source of la-
bor adjustment along the intensive margin. In our analysisfocus exclusively on labor adjustment
through STW, not through the other potential channels.

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 estimlageatutomatic 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 beadumygregate shocks. Irrespective of
the source of the shock, the firm will adjust STW usage optyraaid in the same way. We use this
insight from the model in order to estimate the rule-basedpmnent from a firm panel for recent
years.

The time and cross-sectional dimension of the panel alleaw® identify the rule-based compo-
nent of STW. STW policy in Germany is implemented at the febkvel providing the same rules
for all firms. Hence, the cross-sectional variation of firmpaut and STW usage at a given point in
time provides information about the rule-based compondatwever, firms that use STW (or a lot of
STW) may systematically differ from firms that do not use STW\ery little STW). Consequently,
we use within-firm variation over time rather than betweem-variation in output and STW usage in
order to estimate the rule-based component. The followéagionship describes the effect of output
x;; on the fraction of short-time workers in employmemtin firm ¢ and yeatt:

Yit = Xitf51 + o + v + 2t o 4 Ut

Here,«; controls for time-invariant firm-specific effects in ouriesttion, hence systematic dif-
ferences between firms in our sample. In order to rule outwhRapick up policy changes in our
estimation, we further include year-specific effegts The error termu;; is white noisez;; denotes
the vector of additional control variables that will be sfied below. We estimate the elasticity of



STW usage to output changes using three different spedgifisat A linear specification and two
non-linear models (a Tobit and a Heckman model) that will &scdbed in detail in the next section.

We employ the Institute for Employment Research (IAB) Elsament Panel, a representative
German establishment level panel data set that surveysnafmn from almost 16,000 personal inter-
views with high ranked managers. The IAB panel containsrmédion on the number of employees
in STW in each firm in four waves: 2003, 2006, 2009, and 2810he 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 given.fin periodt — 1, firms report their
expected revenue for periad We use these values as our measure for firm-level outputrinde
t for three reasons: First, we argue that this is the relevaasure that the firm uses in the STW
decision (firms apply at least three months before they us&)S¥econd, this variable reflects the
notion that firms have to show their need for STW, i.e., a daofe reduction in labor input due
to a fall in revenue, already in their application to the emgpient agency! Third, using expected
revenue avoids a potential endogeneity problem in the atitimas the use of STW in periodiffects
current profits in period, but previously expected revenue. As additional controlhé estimation,
we use the number of employees in the previous year as a maafdime-varying firm size. Further,
industry dummies allow for the possibility that firms withdifferent sectors in the economy use STW
differently in a systematic way.

3.2 Results

Table 1 documents the estimation results. Across lineanifsgegtions ( to 4), the effect of changes in
expected revenue on STW usage is precisely estimated te batgyeen-2.80 and—3.36 depending

on whether we include year fixed effects and additional adsitif we further interact the year-fixed
effects with an industry dummy, the results remain virtpalhchanged. These estimates measure
the semi-elasticity of STW usage (in levels) to changes peeted revenue (in logs) and imply that
in response to a one percent drop in expected revenue, fivesdmeaverage abolt03 percentage
points more workers on short-time.

The linear specification ignores an important feature inda. The firm makes two decisions
with respect to STW: First, whether to use STW or not (pgrtition decision) and, second, how much
STW to use. In fact, across our sample, o6l§% of all firms use STW on average, while for the
others the number of short-time workers is zero. We theeeéstimate two further models, a Tobit
model and a Heckman selection model that take these noarilies in the data into account.

The Tobit model deals with the censored data, but does nothtbe participation decision ex-
plicitly. Following Wooldridge (2010, p. 835), we estimaeTobit model with fixed effects using
pooled Tobit and Mundlak term$. We report censored marginal effects which means that oisr est
mates summarize the aggregate effect of a one percent chreegeected revenue on the STW usage
of all firms. Due to the nonlinear structure of the model, nraabeffects are computed for each value

1%This 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 witspect to STW.

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

2ps introduced by Mundlak (1978), we include firm-specific meaf explanatory variables to capture permanent level
effects in our estimation.



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

Linear fixed effects

(1) —2.802***  —4.003 39,545
[0.306]

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

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

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

Fixed effects tobit

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

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

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

Fixed effects heckman

(8) —4.972** —7.103 yes 31,824
[2.57]

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

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

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

of the right-hand side variables and are then averaged. Qimate ranges from-2.32 to —2.86
(specificationss to 7) which corresponds to a response of STW of abo2§ percentage points to a
one percent reduction in revenue. Again, our results ardgfiignt at thel% level.

Different from the Tobit model, the Heckman selection maagdlicitly models the participation
decision. In particular, we need to argue why and how thesaetof a firm of whether to use STW or
not is determined differently from the decision on how mahngrstime workers to use. A panel ver-
sion accounting for individual fixed effects is derived in dldridge (1995)-2 We use the fraction of
firms using STW in the firm-specific industry sector as thesioh restriction to identify our Heck-
man model. We argue that a large fraction of direct compstiising STW increases the individual
firm-specific probability of using STW (as the stigma of adimg the need of STW is gone), while
it does not drive the firm-specific number of workers in STWided, substantial variation in this
variable exists across industries and we find significaeteffon the STW decision in our estimation.
In analogy to above, we want to measure the marginal effechafges in expected revenue on STW

BEstimation is pursued by first estimating a probit for thesgbn in STW separately for each yeain a second step,
we run a pooled OLS regression on the selected sample acopéot the inverse Mills ratios from step one and time fixed
effects. We correct for firm fixed effects by including Muni@rms and obtain standard errors using a panel bootstrap.
See Wooldridge (2010, p. 835).



over the whole sample of firms, and not only on those that us#.$1the Heckman approach, this
is equivalent to the coefficients from the pooled OLS estiomatontrolling for selection into STW.
Across Heckman specificationg to 10), our estimates range from4.97 to —5.49 which means that
a one percent drop in expected revenue generates an inofessmut).05 percentage points in STW.
Our estimates are significant, at least at 1h&; level. Standard errors of the inverse Mill’'s ratios
indicate that selection is present in our model specifipatio

Since we have estimated the automatic feedback effectsawmigels in expected revenue on the
use of STW in levels (a semi-elasticity), but use elasésiin the structural VAR and calibration of
the model, we transform this estimate into an elasticity iidahg it by the average STW use in the
sample of interest. For our baseline sample of 1993Q1-201®(3 corresponds to dividing by an
average STW use 0£69%. We report the derived elasticity estimates in the secoiuhuo of Table
1. Our most conservative estimate of the STW elasticity sxgpecifications is-3.31, while we
obtain—7.84 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¢he eligibility criteria of firms (which are
loosely defined and can potentially be interpreted venedhfftly**), 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 (20023° to estimate the effects of discretionary STW policy shocsed 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 innovatiofisusing a transformation matri® such that

Aet = Wt.

In order to correspond to economic shocks in a model, thetsiral innovationsu; are assumed to
be orthogonal (i.e.¥,, is diagonal). Without loss of generality, we normalize tlegdnal elements
of ¥, to unity. From orthogonality and normalization, we obtaii/NV + 1) /2 restrictions to identify

45ee the discussion in Burda and Hunt (2011).

15see Bundesministerium fiir Arbeit und Soziales, 2011.

18BJanchard and Perotti (2002) seek to identify the effecesstiock in fiscal policy on output, hence the output multiplie
We apply their framework in order to identify STW policy slkec
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the N2 elements of the transformation mattix In order to exactly identify this matrix, we need
N(N — 1)/2 additional restrictions in order to obtain the underlyingustural shocks. In a simple
bivariate VAR, we hence need one additional restrictionrateoto findA.%’

Two variables are important for identification in the VAR:tput and STW usage. Key to the
VAR exercise is to decompose the negative correlation batwbese two variables into an output
(or business cycle) shock and a discretionary STW policyclshdNote that the assumption about
the implementation lag of policy implies that all contemgu@eous covariation of the STW usage and
output is described by the rule-based component of STW. iffatehtly, output (or business cycle)
shocks are defined through their automatic effects on ST\§elisahe short-run. We impose the value
estimated from the microeconomic data in the previous @ects the additional restriction ofi as
described above. Given that we have identified business sycicks via the rule-based component of
STW, all remaining variation of STW usage and output is thitribated to discretionary changes in
STW policy. Clearly, if the imposed automatic feedback &fdrom the business cycle onto STW are
negative and large, the effect of the policy shock on outpghiall. In fact, if the negative automatic
feedback effect is larger in absolute value than the negatiwariation between STW and output,
the effect of policy shocks on output becomes positive oreichpHence, the value of the elasticity
potentially plays a crucial role for the estimated effedtthe discretionary policy shock$. We look
at robustness of the results to different values of thigielasbelow and find that, within a reasonable
range, the elasticity only matters for the impact period.

Note that we identify the VAR with a microeconomic elastiagtescribing how STW usage reacts
to output changes on the firm level. This elasticity is notassarily equal to a macroeconomic mea-
sure of the output elasticity of STW usage that would take atcount general equilibrium effects.
Informing the VAR with the microeconomic elasticity meahattwe assume that the two are the same
(or very similar). In our model below, we argue that this ie tase when labor market tightness does
not play an important role in the wage bargaining. This tesafurally arises in a model of collective
wage bargaining, because the threat-point of the firm bairgaiwith a union cannot be to dismiss
the whole workforce. Collective wage bargaining is a reiglidescription of European labor markets
like the German one. If wages were allowed to adjust to chamgéabor market conditions, our
model predicts the macroeconomic elasticity to be smatlan the microeconomic one. Intuitively,
wages that react more to business cycle conditions stalthiz value of a worker and thus rely less
on STW. This suggests that if micro- and macroeconomicieitiss are different, we use a value too
low for our identification. Our robustness checks below slioat smaller elasticities generate the
same gqualitative results.

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 dwtir rates, since unit root tests
suggest that this variable has a unit r&btn addition, we use GDP growth as measuring the business

The identification in the bivariate VAR can be extended inraightforward way to include more shocks and more
variables. The restrictions to identify output and poli¢tyosks remains unchanged in this case and it is assumed that
additional shocks have no effect on output and the policiatsée on impact. See Blanchard and Perotti (2002) or Caldara
(2010) for a detailed description of the implementation.

8Caldara (2010) has pointed this out with respect to the asifim of government spending and tax shocks.

99N 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.
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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 thedefdum VAR as described above with
four lags in the specification. We then use the formal refastigp between the output elasticity of STW
and the coefficients in the matrix (as derived by Caldara (2010) in the case of government gpgnd
or tax shocks) in order to implement the short-run restiti Here we use our lowest elasticity
estimate of-3.3 as our baseline. We estimate the VAR for our baseline san§88Q1-2010Q4.
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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@febootstrapped bands with 10,000 draws.

Figure 3 shows the quarterly responses of output, STW usatjareemployment to positive one-
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 lineadtriee., 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{ils®098). The left column of Figure 3
shows the responses to a positive business cycle shock.thiteshock, output increases, while STW
falls reflecting the imposed short-run restriction of théoauatic feedback effects along the business
cycle. Unemployment falls in a boom. The right column of F&y@ depicts the responses to a positive
discretionary STW policy shock. After a positive policy skpSTW is used more. Since we have
not imposed any restriction on this response, it is reasguhat 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 sasewere initially designed to support
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employment. Our model will provide an interpretation osthésult: temporary discretionary changes
in STW policy do not affect future expectations, and themetaring and firing decisions.

Figure 10 in the Appendix shows the historical time serighefstimated output and STW policy
shocks. Since these shocks are calculated from the redoomdrésiduals in the VAR, they occur
every period, but differ in sign and magnitude. We do notdillg interpret every one of these small
shocks as an actual output shock or discretionary polidy. SRather, a moving average of the two
shocks indicates periods of economic as well as discretigpalicy expansion and contraction. Note
that, except for the same quarter, we do not assume whethemnostrong policy shocks are related to
output shocks. Our identifying assumption merely statasdbitput shocks and policy shocks cannot
exactly coincide. Our results show that economic contastiand discretionary policy expansions
generally have a positive correlation, i.e., discretignpolicy changes are related to the business
cycle. The graph shows that policy expansions (contras}isightly lag the economic contractions
(expansions), e.g., in the contraction in the late 90's,akgansion around 2008 and in the Great
Recession. The graph also shows that discretionary pola&y not implemented in the economic
contraction in the mid-2000’s. These relationships refileetusage of STW that was documented in
Figure 1. Generally, STW policy works along many dimensiorsst of which we cannot directly
observe. One exception is the legal maximum period of eligilwhich is shown in Figure 12 in
the Appendix. The Great Recession episode illustratestiragstimated policy shocks coincide with
periods in which this aspect of discretionary policy is daeh such as the reduction in 2008 and the
expansion of the eligibility period in 2009 and its reduntia 2010.

4.3 Robustness

Above, we have discussed the importance of the imposed-slorestriction for the output elastic-
ity of the policy variable. Given this, we would like to knovolw different assumptions about this
elasticity affect the results, in particular the estimatespbonses of output and unemployment after a
policy shock. Figure 11 in the Appendix compares these resgsfor various values of the elasticity.
Varying the elasticity does affect the impact response oPG®the policy shod®. In line with our
intuition from above, the more of the negative correlatietween output and STW usage is explained
by the automatic feedback effects, the larger and possilsitipe are the effects of the policy shocks
on output. In fact, if the automatic feedback effects aratiely large, output significantly increases
on impact. If they are zero or positive, output falls, sigrdfitly in the latter case. Note, however, that
the estimates for later periods hardly change when diffezkasticities are used.

The effect of policy shocks on unemployment behaves sitpilahen varying the elasticity. Un-
employment falls for relatively large negative elastastiand 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 betweet2.90 (corresponding to our most conservative
estimate in column one of Table 1 plus the estimated stardiarition), —4.56 (corresponding to
our largest Tobit estimate minus the respective standavihtiten) and—11.90 (corresponding to
our largest Heckman estimate minus the respective stamttsidtion), the responses of output and
unemployment to policy shocks change very little.

We address the robustness of our results along various dithensions. Table 7 in the Appendix
summarizes the results of our robustness ché&tkdost importantly, we consider whether the two
major recessions with a large use of STW in our sample refifeteht dynamics in the response to

2This is similar to what Caldara (2010) has shown in the casaxo$hocks.
ZlCompare Table 5 in the Appendix for the data sources of a# Series used in the analysis. More detailed results are
available upon request.
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policy shocks than more normal times. In other words, theay e business cycle asymmetries
that affect our identification of the dynamics. In order tala$s this, we estimate our baseline
specification including recession dummies for 1991Q1-1¥Pand 2008Q1-200932and show that
the results are not affected in any significant way.

As argued above, identification of STW policy shocks is difficas it potentially works along
many dimensions and we do not directly observe policy chen@ae exception is the legal maximum
period of eligibility for a particular worker in STW. We hauwformation about this for our baseline
sample, Figure 12 in the Appendix shows a plot. One may assoperiods with legal changes to this
maximum period as episodes of particular political focusSIW schemes. In order to exclude the
possibility that STW policy was conducted in a systemaljcdifferent way together with these legal
changes, we incorporate a dummy controlling for these atsirgo our VAR. This is similar in spirit
to Blanchard and Perotti (2002) who incorporate a dummy &otigularly large tax reforms into their
fiscal VAR. Table 7 in the Appendix shows that our results afmist to controlling for legal changes
this way.

In our model, business cycle shocks are measured by changetput or labor productivity. Table
7 shows that our results are robust to replacing GDP with G&Remployed worker in the specifi-
cation. This result may reflect the fact that relatively wductive workers work short-time, while
relatively productive workers continue to work full time even increase their labor input. Hence
their weight in aggregate productivity increases. We als®the GDP deflator instead of the CPI to
deflate output. This does not change our results substgntiabrder to consider the robustness of the
unemployment response to policy shocks, we replace the plogment rate by employment and total
hours worked respectively. As with unemployment, bothalalgs react insignificantly to the policy
shock. Clearly, policy shocks do not have a significantlyitp@s effect on hours or employment.
Output does not react significantly to policy shocks in tieitp.

One may wonder whether our identified shocks pick up the &ffetother shocks that are im-
portant for the macroeconomy. One candidate are shocksdtivat future information about the
business cycle, so-called news shocks. In order to cortrah& presence of news shocks or any type
of anticipation effects in the economy, we include a businemfidence indicator (the ifo business
climate index) into our specification. With this indicatbgth unemployment and output do not react
significantly to policy shocks. Another candidate shock thay be captured in the business cycle
shock is a monetary policy shock. In order to control for gieck, we further include the interest rate
as measured by the 3-months money market rate into the gatiofi. Table 7 shows that including
the interest rate into our specification does not change asglime results. Moreover, we control for
movements in aggregate consumption and investment in titloeiuVAR specifications. Again, this
does not change our results (cp. Table 7 in the Appendix).

Finally, we consider the long sample which covers 1975 td2@&tarting our estimation in 1975,
we capture important economic events such as the oil crigbe idata. However, we also face a severe
structural break in the macroeconomic data due to the Gereuanification in 1991. To eliminate the
level effect in the data, we regress the growth rates of GDPPuEremployment on a reunification
dummy. We further account for a general structural breakénMAR using a broken constant before
1991 and afterwards. In order to circumvent potential protd with the heavy use of STW in East
Germany directly after reunification for reasons not reldtethe business cycle, we only use STW
data for West Germarf? Since the mean STW usage in the long sample is higher thare ishibrt

Z2We measure recessions, also in the long sample, as peakghbthe GDP series that is HP-filtered with= 1, 600.
ZAs mentioned above, the series for the number of short-tirevs in total and West Germany excluding the reunifi-
cation period have a strong correlation0o$9.
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sample (.83%), we correct our elasticity estimate down-@.79. Note that our elasticity estimate
stems from microeconomic survey data for the years 2003,2809 and 2010. Thus, our estimate
possibly deviates from the true elasticity estimate in theglsample. This is less of a concern in
the short sample. In addition to estimating our baselineifipation in the long sample, we also
add recession dummies (1973Q1-1975Q2, 1980Q1-1982Q2Q199993Q1 and 2008Q1-2009Q2).
Table 7 shows that the results are quite similar to the orms the short sample. In contrast to
the short sample, output does not show any significant iseszanymore. Unemployment increases,
though insignificantly. This documents that when taking iatcount early recessions, discretionary
STW policy changes have on average not been very successtaldilizing employment or output in
recessions.

5 A labor market model with short-time work

5.1 Model description

Our paper quantifies the effects of the rule-based and tleeetisnary component of STW. While
the SVAR has shown the non-effects of discretionary policgnges on unemployment, it is silent
about the underlying economic rationale. In addition, walye the automatic stabilization of the
rule-based component of STW for which we need to model thateofactual economy without STW.
Thus, we need a model that integrates important institatieatures of the German economy to de-
liver credible results and that is rich enough for quantieanalysis. 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 parsudsject to idiosyncratic shocks. We then
incorporate STW in this model.

A few words on specific assumptions of the model are in ordést,Fwve 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 ticmants. This issue would only be
worrisome if we calibrated our model such that STW is resjibador the adjustment of the entire
intensive margin in deep recessions. Instead, we calilmatenodel to the elasticity of STW with
respect to output that we have estimated 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 ayetae
working time for workers on STW is reduced by approximatahg ¢hird?* 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 colldetieé(which is true for the majority
of contracts in Germany) and that the wage for a full-timekeoiis unaffected by the STW decision
of the firm (although a working time reduction obviously reds the paid-out wage for a worker on
short-time). We also check for the robustness of our retyitsimulating a US style economy with

2From 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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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 andhtmngretation 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 robustrafssur results with respect to some of
the above mentioned assumptions, such as changing tharaggaule 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
incumbent workers are hit by an idiosyncratic shock. Fiftig wage is determined. Finally, firms
make their endogenous separation and STW decisions, baghd wliosyncratic shock realization.

5.2 Separation and short-time work decisions

Since STW is targeted at reducing separations, we startfyirdethe 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 therpnétation of a profitability shock. With
additivity, worker-firm pairs may generate negative corgeraneous value added, even with zero
fixed costs® The shock; is drawn from the random distributigy(c) and is i.i.d. across workers and
time. We will first describe the STW decision and then the dimiecision because the latter depends
on the former.

The value of a worker with a specific realization of the idioaatic shocke, who is not on STW,
is given by

J(er) = ap —wy — &y — ¢5 + BE i1, (1)

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

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 senToM S

ay — wy — &t — ¢y + BEyJi 1 < Dy. (2)

BInterestingly, negative contemporaneous value addedislls 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 thevitgidif the shock.

%t is well known from the literature that the search and miigtmodel has trouble to replicate the labor market
amplification effects over the business cycle from the aggpeedata (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 amdlii@listort the cost and benefit analysis of STW).
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We interpretD as an instrument to conduct discretionary STW policy. Bydang D, the government
makes the eligibility criterion more stringent and, thusectly reduces the number of workers on
STW. In our benchmark calibration, we assume= — f, wheref is the cost of firing a worker. This
implies that the STW-threshold in equation (2) coincidethwfhe firing condition of an equivalent
matching model without STW. This assures that only thosekersrare allowed to be sent on STW
that would otherwise have been fired. With this modeling chave replicate the German rule that
says that any firm that is in difficulties such that it wouldesthise have to fire a substantial part of
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-le¥ébr the idiosyncratic componeat

of = ay — wy + BEJyp1 — ¢ — Dy, 3)

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

When a worker is eligible for STW, the firm has the option taiatiplong the hours margin. With-
out any further restrictions, firms would choos&% STW for unprofitable workers in our model.
However, as described above, the average working time tiedus only about one third. Assuming
a linear cost function would not solve this problem becatissuld imply corner solutions such that
workers either work full time or their working time is redutby 100%. Therefore, we assume that

the optimal working time reductiof is subject to convex STW costs( K (e¢)), with %(S)) >0

andaggff(i(étt)))2 > 0, which assures interior solutions. There are many ingital reasons in Germany
for such a convexity. First, although the employer redubedabor costs with STW, the reduction is
not necessarily proportional to the working hours reducthecause the employer has to pay the so-
cial security contributions for the full time equivalé§tSecond, the implementation of STW must be
approved by the workers’ couné. As long as there is no approval, workers have the right toiobta
their full wage. Workers’ councils are generally more wigito approve small working time reduc-
tions than larger working time reductions because empkgeéy receive a partial compensation for
their wage loss. Our convex adjustment function is a shatrffar the interaction of many factors
(besides the institutional features, the shape of the ptamufunction or variable capital utilization
may matter in reality). We defend our short-cut based omitgidcal performance. We will show in
the simulations that our model replicates the cyclical moset of the number of workers on STW
and the average hours reduction due to STW very well.

The firm chooses the optimal level of the working time redarcti’ by maximizing the contem-

Z'In contrast to Faia et al. (2013), this defines the rule-basesponent 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 microeconomic elasticity and to quantifyal@matic stabilization effects of STW.

25ee Bach et al. (2009) who show that these institutionalifeatgenerate a convexity in the cost of STW. See also Boeri
and Bruecker (2011).

2%German labor law makes it mandatory for firms from a certaia shwards to allow their employees to elect represen-
tatives (“Betriebsrat”, English: workers’ council).
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poraneous profit of a worker on STH:

gl(% mo=(a —w — &) (1= K (e1)) — cf — C(K (e4)). (4)

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

1
C(K (5t)) = CKiK(f?t)Q- 5)
This implies that the optimal hours reduction of STW for aggiv is

at — Wt — &

K* (&) = = (6)

Naturally, the lower the profitability of a worker, i.e., thigher the realization of, the higher
the working time reductiong(%f*) > 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:

(CLt — Wt — €t) (1 — K (675)) - C (K (675)) —Cy + BEtJtJrl < —f (7)

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

EiAi11Jt41 f _ ¢ (K(Utf)> (8)
1—K(v{> 1—K(U{> 1—K(U{>.

Thus, the endogenous separation rate is

v{:at—wt—c]c—l—

o= [ gteda ©

t

and the rate of workers on STW is ,

Vi
= [ gl den (10)
Ui
All workers with a profitability shock realization above t&IW thresholdvf are eligible for
STW, but workers above the firing threshobgf] are so unprofitable that they are fired despite the
possibility to send them on STW.Note that STW exists in this economyu’f > oF. This is the
case as long as STW costs are not prohibitively high. If tladesosarameter or the STW cost function
cx approaches infinity, the& = 0 from equation (6), i.e., firms do not use STW. In this case the

%*This is an important difference to the earlier models in leail., 2013 and Krause and Uhlig, 2012. In contrast to these,
firms in our model decide optimally about the working timeuetibn of workers on STW, while in Krause and Uhlig, 2012
hours are not reduced at all and in Faia et al., 2013 the hedtgtion is exogenous and the same for all firms. Endogenous
hours reduction is not only realistic but allows us to digtiish between the extensive margin and the intensive mafgin
STW and base them both on optimal firm decisions. As demdastfarther below our model replicates well the empirical
movements of both margins.

31See Figure 13 in the Appendix for a graphical illustrationhef distribution of the idiosyncratic shock and both thresh
old values.
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STW cutoff and the firing cutoff are identicab/ = v*. This limiting case will be used for the
counterfactual analysis in the numerical partcaf is smaller thar; — w; — &, the firm optimally
reduces hours worked for those on STW to zero. In that cad&jmgpoccurs. For the value @fy that
we calibrate, the working time reduction for those on STW ! strictly between zero and)0%.

From equation (8) follows that positive values of the wogktime reductionk affect the firing
cutoff v’ positively due to a direct effect and a reinforcing indireffect. The working time reduction
directly reduces the losses generated by a worker and therakes the firm more reluctant to fire a
worker. At the same time, the possibility to reduce the feiflosses generated by a worker increases
the expected value of a worker, which indirectly lowers theentives to fire. Both effects shift the
thresholdv/ upwards relative to* and imply both a positive range of workers on STW and a smaller
range of workers being fired compared to the situation wit!®XW in whichv/ = v* 32

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 cdss.need the fixed costs of production to
calibrate our model to the estimated microeconomic elast€ STW with respect to output. And we
add firing costs and collective bargaining to replicateistial European institutions. But evenfif=
cy = 0 and under individual bargaining, some workers exist whold/@enerate contemporaneous
losses, but who would not be fired. The reason is that thedab®y generate are not greater than
the future value of a worker (which is always positive). Serein this setup, some firms have an
incentive to use STW.

It should further be noted that it is both in the interest eftinm and the worker to use STW rather
than to separate the match. The firm is free to choose the alptuorking time reduction. Thus, it
will only use a positive level of STW if this increases prafitdthough the worker has no choice in
our model, her participation constraint will not be viokhteEven though STW reduces her income
relative to full employment, the worker is even worse offliesquits. In that case the income in the
current period would be just the unemployment berigfivhile it is bK + (1 — K)w if the worker
stays employed and on STW (as usual under German STW rulbs}, Sincew > b, a quit would
imply a loss in contemporaneous income. Furthermore,ingithe job implies a lower chance of
having a job in the next period and, thus, reduces the caatimu value of the worker.

We are now in a position to define the expected value of a wpllefore the realization of the
idiosyncratic shock is known:

v1}5€+1
Jiy1=(1- W)/ (at+1 — w1 — €e41) g(€e41)der 1

— 00

+ (1= ¢") /:t+1 (a1 — wir1 — e441) (1 = K (e441)) — C(K (e441))] 9 (et41) dera

t+1

— (1= ¢er1) ey — (1= 9%) 51 f+ (1 — de11) Ery1 A2 diya. (11)

Here,
Gip1 = 0" + (1 — &%) d7 1, (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 destructign The first integral in equation (11) is the
expected revenue of workers who work full-time. The secomidgral is the expected revenue of
workers on STW. Here, we need to take into account that theskens have reduced working time,

32Note 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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but that the firm has to incur the cost of STW. The fixed cost b&®tpaid for all employed workers.
The firing cost has to be paid only for endogenous, not for exogs 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 = pb; %, (14)

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

= pdy " (15)
The present value of a vacancy is definetfas
Vi = =k + BEiqiJi1 + EiNgy1 (1 — i) Viga (16)

where/J is the value of a job and are the vacancy posting costs. Free entry implies that itiledum
Vi = 0V t which simplifies the above equation to

k= BEqiJii1. (17)
Thus, in equilibrium the vacancy posting cost has to equalettpected payoff of the vacancy,
which consists of the probability to find a worker and the eabfia successful match.

5.4 Employment evolution

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

ne=1—¢i)ni—1+ (1 —pe) m—1 (1 —ny_1). (18)

Thus, the employment rate in the current period includekarsrof the 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 separék. Workers on STW are treated
as employed, corresponding to the official German employstatistics (although they do not work
full time).

3Note that we have assumed that new matches are also subjegpacation risk. This is taken into account in the
definition of J; 41 in equation (11).
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5.5 Wage bargaining

Finally, we specify wage formation. Collective wage bangaj is the predominant regime in con-
tinental Europe and especially in GermafyTherefore, we use a simple model of collective wage
bargaining for our baseline simulation. We assume that thgews bargained between the represen-
tative firm and the incumbent worker for whom the realizatadrthe profitability shock equals its
expectation of zero. Every worker who is working full timemsthis wage. Every worker who is on
STW gets a share of this wage, according to her working tirhes (fome reimbursement for the lost
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
iS35

Fy=a; —wi —cf 4+ BE; (1 — ¢pg1) Ji41. (19)

In case of disagreement, production will come to a halt (elge to a strike), and bargaining will
resume in the next period. Hence, the match stays intacktigdke of disagreement. This particular
feature of the bargaining setup is described in more detdilall 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 unemgptbin case of a disagreement. Thus, the
fall-back option of the firm is

Fy=—c;+ BE (1 = ¢r41) T (20)
The median workers’ surplud” from a match is
Wi =wi + BE (1 — ¢r41) Wigr + BELdr41Up 1 (21)
where U is the value of unemployment, defined 4§ = b + m (1 — ¢pp1) Wepr +
(1 —n (1 — ¢¢41)) Ury1. The workers’ fall-back option under disagreement is then
Wi = b+ BE; (1= ¢r1) Wiy + BEidr41 U1 (22)

This means that in case of no production, workers are asstor@atain a paymerit, which is equal
to the unemployment benefits in the economy.
Defining~ as workers’ bargaining power and maximizing the Nash progigtds the following
wage equation:
wy = yar + (1 — ) b. (23)
In the Section 6, we will check for the robustness of our tssoy using individually bargained
wages (including the profitability shock and the markettigiss).

5.6 Government budget constraint

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

f
Vi
bnt /k K (&5) g(&)d&t + but = Tt. (24)
Ui

34according to OECD (2012a), the collective bargaining cager (share of contracts covered by collective bargaining)
in Germany wa§2% in 1990 and52% in 2009.

%Note that the median worker-firm pair does not use STW (ewglly, only 0.69% of German firms use STW on
average).
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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 Vg n v{
Y= _t¢§ /_Oo (ar — &¢) g (e¢) de + - _:bg /Uf (1=K (er)) (ar — €1) g (er) de

ng

s

Aggregate output equals production (first line) minus resegosts (second line). Note, thatis the
number of all workers employed in periadi.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 tdkeasitcount the idiosyncratic profitabili-
ties of all relevant workers, i.e., those that work full tirued those that work reduced hours on STW.
The resource costs include vacancy posting costs, firing eosl fixed costs of production. Since our
model does not contain any other aggregate demand comgoagaregate output equals aggregate
consumption in our model.

— nycp —

o5 f — k. (25)

6 Numerical simulation

This section first describes our calibration strategy. TWerpresent the results of numerical simula-
tions. Our model allows for two types of shocks: a discredigrchange in STW policy and a business
cycle shock. We first analyze the effects of the policy shauwk @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 of4.1%. 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@%f(Christoffel 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.

We have to set several parameters to obtain the steady atags\of the labor market flow rates.
We assume that the idiosyncratic profitability shock fokosvlogistic distributior® which we nor-
malize to have an unconditional mean of zero. To achieve alioration target, we set the scale
parametes 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

38 logistic distribution is very close to a normal distriburti, but allows for closed form solutions.
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Parameter Value

I6; discount factor 0.99
K cost of posting a vacancy 1.21
e 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.

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 ory3% of output.

We set the fixed costs of productien to 0.23 in order to target the contemporaneous elasticity
of the extensive margin of STW with respect output changes3®8. This estimate corresponds to
our lower bound. It is well known that microeconomic elasgs may be unequal to macroeconomic
elasticities. It is worth noting that in our baseline modethich does not contain any market tightness
variable due to the assumed bargaining game), the macroeiorlasticity exactly corresponds to
the microeconomic elasticity. Thus, the calibration siggtis consistent with our model.

6.2 Policy shock

We simulate the responses of the model economy to a changéVih@licy. More precisely, the
government weakens the eligibility criteria for STW, i.&.increases the level ab, for only one
period and returns to the old rules one period later. Figullagtrates the results. Due to the increase
in D, the STW threshold falls (see equation (3)). Thus, the fraction of short-timerkers x
increases. Interestingly, although the policy increasB#/St has no effects on unemployment. The
policy intervention allows more workers to use STW that wiaubt have been fired even in absence of
the policy intervention and thus leaves firing unaffectemhipare equation (8) which does not depend
on D). This means that the policy has a deadweight effect06f%. Thus, our model provides a
rationale for the non-effect of the discretionary policpsk on unemployment, found in the SVAR.
Despite the ineffectiveness of the policy in terms of unewplent, our model shows a one period
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effect on output. The reason is that unprofitable worker-fiains can reduce their working time. This
leads to a positive effect in the resource constraint. At fimmight seem surprising that a working

time reduction can increase output, but it is in fact quiteuplble that a temporary downscaling of
inefficient production units has a positive effect on outpithis is again in line with the results from

the SVAR, albeit with a somewhat different timing.
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Figure 4: Impulse responses of a positive one unit shocktdmpulse responses are given as deviations from the
steady state. The shock is implemented as a temporary,enwdpoosening of the STW eligibility criterion.

In contrast to the SVAR, our model allows us to experimenhwiifferent policy interventions.
Figure 5 illustrates this for a persistent increas®irwith an autocorrelation coefficient 6f5. Such
a policy intervention has an effect on hiring, firing and updsgment. Increasing) persistently
allows firms to send more workers on STW in the future and tagedhe potential losses in case of
an adverse profitability shock. Consequently, the expead of a jobJ goes up, firing goes down
and vacancy posting goes up (see equations (8), (11), ahd Ndie, however, that the effects of the
persistent policy on unemployment are quantitatively \small.

All in all, the model results and the SVAR results are veryareimt. According to the model,
very temporary discretionary interventions are ineffexti However, discretionary policy interven-
tions may have a small effect on unemployment if they are useck persistently and thus exert a
stronger effect on future expectations. The results fraenSMAR indicate that the discretionary pol-
icy component is used in a very temporary fashion in Germahg.significant increase of STW after
a policy shock lasts for at most two periods, as Figure 3 derusa Thus, it is not surprising that
firms’ future expectations are hardly affected.
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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 gteeséve loosening of the STW eligibility criterion.

6.3 Automatic Stabilization
6.3.1 Baseline Scenario

Figure 6 shows the impulse responses to a positive, oneasthdédviation shock (normalized 16%)

to aggregate productivity, with autocorrelatior0.95 (see solid lines for IRFs in the economy with
STW). An increase in productivity increases the value ofladijob ./, which implies that firms post
more vacancies. Consequently, the labor market tighthessl the hiring ratey go up. The increase
in productivity also has a positive effect on the firing cﬁmf, i.e., the endogenous firing rate
goes down. The reduction in firing and the increase in hirgagllto an increase in employment and
output and a decline in unemployment. Due to our assumpfitireal costs of production, our model
replicates two important stylized facts of the businesdecyd-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 Btandard 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 sharavofkers 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 counteicalty while the intensive margin
of STW (the average hours-reduction of a worker on STW) igyxlical. Overall, hours per worker
fall in recessions. Our model replicates all those facty wezll. In the dynamic simulation, output
and the share of workers on STW have a correlatior@96. Output and the average reduction of
working hours have a correlation 6f96.
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Figure 6: 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.

In order to assess the role of STW as an automatic stabilfzbiedabor market and the macroe-
conomy, we compare business cycle statistics of an econoithyand without STW. We keep all
parameters the same in both scenarios. This assures thatabilization results are not driven by
parameter changes, but has the drawback that the steady diffi¢r between the two scenarios. In
Section 6.3.2 below we recalibrate the model without STWhab iboth models yield the same steady

state and show that the differing steady states are notmsgpe for our results.

Stabilization in% baseline lower firing costs  distortionary fixed
f=12 f=0 taxation steady states

Outputy 3.8 3.5 2.7 3.9 6.3

Unemployment 21.2 13.1 6.5 20.9 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.

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 roughl}% and reduces unemployment fluctuations

measured by the absolute deviation of the cyclical compomgmoughly 21%. With a negative ag-

gregate productivity shock, more firms are automaticaligilgle to use this instrument. Thus, in

26



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 ¥Tdikces 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 velatmore unprofitable workers are fired.
This effect tends to counteract the decrease in aggregatiigivity and thus reduces fluctuations
in aggregate output. Since less workers are fired, the aweraglity of the workforce increases by
less in recessions in the economy with STW compared to theoeep without STW. Put differently,
we have two counteracting effects: On the one hand, STW esdusemployment fluctuations and
thus output fluctuations via the production function. Ondlieer 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$).03%.3” How does this compare to other automatic stabilizers sudheagax
system? The estimated size of the automatic stabilizatidheoincome tax system depends on the
employed methodology and the analyzed country. The egi$iterature predicts an automatic output
stabilization betwees% and30% (see Table 2 in in't Veld et al., 2012). Given that the incore t
system accounts for roughly)% of GDP in the OECD average (see OECD Statistics, OECD, 2012b)
the stabilization through STW appears to be large relatitbé costs®

6.3.2 Robustness

In a first robustness check, we reduce firing costs fadi?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 cofitectuate 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 &8 cbecause finding new workers is
costly in a labor market with search and matching and, ttareegdabor hoarding is optimal.

Next we assume that additional expenses due to the cycheation in STW are financed by an
immediate increase in a distortionary proportional incdme®® 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 stabilizatioeot$f. The reduction is surprisingly small,
however. The reason is that the STW in our model is very cffisient and thus the extra costs in a
recession due to the automatic reaction of STW are sthall.

%"To 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 W&t of GDP.

%Note that we compare the income tax system to STW based on<BBies and stabilization effects only, not taking
into account other potentially important aspects such asffect on governmental revenue or the reduction of income
inequality.

39Thus, the bargaining equation changesito= ~va; + (1 — ) b/(1 — 7), wherer is the proportional income tax.

400utput fluctuations are even a little bit smaller with distmmary taxes than without. The reason is that not only
employment fluctuates somewhat more with distortionargsakut also the frictional costs, which are deducted in the
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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 mddéhterestingly, with fixed steady states
all results are very similar compared to the scenario witbdigarameters. In our baseline scenario,
output fluctuations drop bg% and employment fluctuations bys%. Lower firing costs lead to
somewhat less stabilization and distortionary taxes l#aeesults almost unchanged.

6.3.3 Simulation for the US Economy

So far, we have performed our simulations based on German fabrket flows (which are roughly

three times smaller than in the United States), collectarg&ining and substantial firing costs. Low-
ering firing costs in our robustness check has indicatedldhatr market institutions are important
for the quantitative results. To obtain an idea about themqt@l effects of STW in an anglosaxon
country, we assume standard individual Nash bargainingrevthe threat point of worker and firm
is the termination of the match. We then recalibrate the mimdmatch the US economy. Thus, the
wage is given by

wy (e¢) =y (ag —er — ¢p + KO;) + (1 — ) b. (26)

Note that in contrast to our baseline with collectively lzngd wages, the wage now depends on the
tightness of the labor market and the idiosyncratic prafitglof a worker. The latter implies that the
risk stemming from idiosyncratic shocks is better sharad/éen worker and firm.

In our parametrization, we target US labor market flows, rigragob destruction rate @.1, a
job finding rate 0f0.81 and a worker finding rate di.7 (Krause and Lubik, 2007). The efficiency
of the matching function, the costs of posting a vacancy hedtale 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 parametes, 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 caegtsas in our baseline calibration leads to a much
lower STW take up than in our previous simulations. The sbéworkers on STWy, in the steady
state drops from.7% t0 0.1%. This is not surprising. Lower firing costs and larger labarket flows
imply that adjustments via the extensive margin are muckeeasd less costly than in our baseline
scenario. Additionally, the flexibility of individually sgained wages allows easier adjustments in
response to idiosyncratic shocks. Thus, the possibilitadfust via the intensive margin appears
much less attractive. This is, in fact, well in line with Frgu7 in the Appendix, showing that STW
is not much used in the United States. Naturally, this leadsauch lower stabilization (see Table 4).
Output fluctuations are reduced by orilyl % and unemployment fluctuations are reduced)ty%
compared to an economy without STW.

Suppose next that the US government promotes the use of SThMhe goal of achieving a
similar steady state proportion of workers on STW as obskitv&ermany. To analyze this scenario,
we recalibrate:x to 3.5, which implies thaty rises t00.7%. Nevertheless, the stabilization through
STW over the business cycle is still much lower than in ouelias scenario for Germany. Table 4

resource constraint.
“INote, however, that we do not adjust the fixed costs of praslucivhich are the driving force for the amplification and
the elasticity of STW with respect to output.
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Stabilization in% German case US case

baseline Germany 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.

shows that unemployment fluctuations are reduced%yand output fluctuations b§.5%. Again,
this is due to the higher flexibility of the US economy. MakiS§W cheaper, implies of course
that more firms use it in steady state, but still the other margf adjustment appear more attractive
in response to business cycle shocks. Overall, our anaygigests that STW can be an important
margin of adjustment for otherwise rigid labor markets, gt additional benefit for labor markets
which are already flexible is rather limited.

7 Lessons and Outlook
"... it's time to try something different.” (Paul Krugmar(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 asafplosutomatic stabilizer, but that
the empirical evidence concerning discretionary policaraes is rather disappointing. 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 additiorzd 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 disentanglesttvas components. One additional worker
on STW due to a discretionary intervention may have no effebitle 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 ofA&are derived from a SVAR for the
post-reunification period (note that it is impossible to mISVAR 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 disareéiry interventions in Germany in the Great
Recession did not save jobs.

However, the automatic stabilization effects of STW wemoat work in the Great Recession.
When we feed a GDP shock into our SVAR that leads to6& 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 tBreat Recession, we feed an aggregate
shock into our model with STW that also leads to a peak ineredsinemployment o4.82 percent
points. In the model without STW the same aggregate shods lEaan increase of unemployment
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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 RecesS3ibuns, additional forces must have
been at work. Mdller (2010) and Burda and Hunt (2011) poimatals the role of working time
accounts, which gained importance in the recent years avel ¢tentributed to make the intensive
margin more flexible in the Great Recession. Boysen-HogaateGroll (2010) show that unit labor
costs (wages normalized by productivity) fell a lot befdre tecession. This may have had an impact
on firms’ labor demand. Burda and Hunt (2011) argue that fireewverly pessimistic in the 2005-
2007 economic upturn, did not hire enough workers and thdsthaeduce the employment stock
by less in the Great Recession. Clearly, some or all of thegects could be incorporated into our
model-based analysis. We leave this to future researchaud fon a more detailed 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.etodllective 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 econontwicCand 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 th&/Sake-up rate in the Great Reces-
sion. Thus, policy makers seem to understand well that tigesa benefits of STW can be reaped in
economies with large firing costs.
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Appendix

Variable Source

Short-time workers German Federal Employment Agency
Employment German Federal Employment Agency
Unemployment rate German Federal Employment Agency
Hours worked Institute for Employment Research
GDP Deutsche Bundesbank

GDP deflator German Federal Statistical Office

CPI German Federal Statistical Office

ifo business climate index ifo Institute for Economic Rasbha
3-month money market rate  Deutsche Bundesbank
Consumption German Federal Statistical Office
Gross investment 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 hofizajuarters) 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.
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Figure 7: 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
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Figure 8: 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
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Figure 9: Correlation of number of short-time workers as a fractioemiployment with GDP and employment.
Leads/lags depict the correlation of STW/EMP in periadth GDP or employment in periotl+ i / ¢t — ¢. Black
bars show correlations over the long sample correspondid§5 to 2010, gray bars show the short
post-reunification sample corresponding to 1993-2010.t8\ihars show correlations over the long sample without
STW peaks in the 4 recessions.
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Figure 10: Estimated output and STW shocks from baseline VAR. The salites shows the actual shock, the
dashed series is smoothed with a centered moving averalgdouitleads and lags and triangularly declining
weights. SVAR estimated with STW per employed workers, GBivth and unemployment (all in logs) for
1993Q1 to 2010Q4.

38



x1g° Response of GDP to policy shock Response of unemployment to policy shock
6 ‘ ‘

- - T 0.0 T T -
4k 1 L __--"TTTTmm--ommTTTTTT
g\ ’
- 2R\ L~ q N
i - e~ . e -0.01t "~ _ ]
nooor — - T~ -1
- \\/~\§ e —e - - - Sol .-
IV - | -0.02- Tl -7 |
\
-4 . . . . -0.03 . | | L
0 2 4 6 8 10 0 2 4 6 8 10
-3
20 ‘ ‘ ‘ 0.02 : — : \
7~ P e
’ S o L //, i
o 2k . | 001 .
Irs) ~a C
] - 0
< -~ N Tt e ~
¥ 0 LA = ~—__
1 e Tt me oo -7 -0.01r Sso 1
= . R
-2t - ] -0.02r e --4
_4 L L L L _00 L L L L
0 2 4 6 8 10 0 2 4 6 8 10
-3
4% 10 : : : : 0.02 ——————— T oo
/\\ -
4 ~ /’ 4
5 ol —,/ ~“\ ] 0_01,”/
< S~ C
(Ti 0 /s~ e 0‘\\
I ! Tt~ -----" -0.01} sl ]
oy 4 RN
|5 s i \\
2r . -0.02- T
_4 L L L L _OIO’) L L L L
0 2 4 6 8 10 0 2 4 6 8 10
x10°
4 ! ! ! T 0.04 T T T .
// \\\§
20 ,,’ ‘\\ 1 0.02- eT T T T 1
? ’ s~ il T ”—’
0 - — — OF=————
= ’ I T~
4 S-~a
-2f ] -002  TTTeeeeaoo---- ]
/
- ‘ ‘ ‘ ‘ ~0.04 ‘ ‘ ‘ ‘
0 2 4 6 8 10 0 2 4 6 8 10

Figure 11: Impulse responses to policy shocks for different outputtediies of STWr. SVAR estimated with
STW per employed workers, GDP growth and unemploymentr{dtigs) for 1993Q1 to 2010Q4. Quarterly
responses to a positive one-standard deviation shock. deoei intervals ar@0% bootstrapped bands with 10,000
draws.

39



Months

93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11
Years

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.

gle)

Figure 13: lllustration of the distribution of idiosyncratic shocksthe worker-firm pair and firing threshoh;f and
STW threshold;.
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