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Introduction

The Great Recession and the COVID-19 pandemic have renewed interest in labor
market policy instruments designed to protect workers from job and income
losses. Among these, short-time work (STW) has emerged as the key policy
tool to prevent separations in Germany and across Europe. It functions as a

subsidy scheme that provides partial wage compensation to employees when
firms sufficiently reduce working hours.

Figure 0.0.1. STW Take-Up and Unemployment Rates

Fraction of workers on STW in Germany Unemployment Rate: US vs. Germany

Jan-09
Sep-09
May-10

Jan-11

e Jnemployment Rate US === Unemployment Rate Germany

(a) (b)

Notes: Plot (a) depicts the fraction of workers that have been on the STW system. The data for
participation in the Short-Time Work System is taken from the Bundesagentur fuer Arbeit. Plot (b)
depicts unemployment rates in Germany and the US over time. The unemployment rate for Germany
is taken from the Federal Statistical Office of Germany. The unemployment rate for the US is taken
from the U.S. Bureau of Labor Statistics.

The scale and economic significance of the STW system is most clearly illustrated
by Germany’s reaction to the Great Recession and the COVID-19 pandemic. In
response to both crises, Germany significantly expanded the generosity and acces-
sibility of its STW program, resulting in a substantial increase in worker participa-
tion. Figure 0.0.1 (a) depicts the extensive use of STW: at its peak, approximately
5.5% of the workforce was covered during the Great Recession, and around 18%
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during the COVID-19 crisis. This widespread uptake likely contributed to stabiliz-
ing employment levels and preventing large-scale layoffs. In contrast, the United
States, which did not employ comparable short-time work schemes, experienced
sharp spikes in unemployment. As shown in Figure 0.0.1 (b), U.S. unemployment
rates rose dramatically during both crises, while Germany maintained relatively
stable levels.

However, despite the prevalence and significance of the STW system, there is lim-
ited theoretical work on the foundations and optimal design of STW policies. This
dissertation seeks to fill that gap by developing a theoretical framework for evalu-
ating and designing optimal STW policy. The analysis is grounded in a search-and-
matching model of the labor market featuring Diamond-Mortensen-Pissarides-type
search frictions, endogenous separations, flexible hours, and generalized Nash bar-
gaining. The model is calibrated to the US economy.

The dissertation consists of three chapters. The first chapter addresses the funda-
mental question of why STW should be used in the first place. It views STW as
a policy tool to mitigate socially inefficient separations that arise under a stan-
dard unemployment insurance (UI) system. Observing that European countries
frequently adjusted their STW systems during recessions, the chapter proceeds to
examine how STW should be optimally adjusted during a recession.

The second chapter focuses on a central critique of STW: by retaining workers
in distressed firms, it may hinder labor reallocation and cause misallocation. This
concern was notably raised by Cooper, Meyer, and Schott (2017), who argue that
STW contributed to Germany’s sluggish post-recession recovery relative to the U.S.
. Therefore, the chapter investigates whether an optimally calibrated STW system
induces labor misallocation and, if so, how government policy should respond to
mitigate its effects.

The final chapter (joint with Johannes Weber) addresses the critique that there
might be more effective instruments than STW to mitigate the fiscal externalities
created by the UI system. While STW is widely used in Europe, the United States
relies on a different approach. It has experience-rated its UI system. Firms that lay-
off more workers face higher Ul contribution rates. Naturally, the question arises
which of the two systems is the superior policy tool.

Reason to use STW. Unemployment insurance plays a vital role in protecting
workers from income loss during unemployment. However, it also introduces dis-
tortions that depress job-finding rates and increase separation rates. Chapter 1
shows that STW can help to reduce inefficient separations. The key intuition is
simple: while UI offers insurance after a separation, STW allows firms to avoid
separation in the first place. By supporting firms in reducing working hours, STW
helps lower their wage bills and thus reduces incentives for separation. At the
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same time, it keeps workers attached to the firm by partially compensating them
for the lost income. Optimal STW benefits are set to target the cost a worker
would impose on the government if they became unemployed and entered the Ul
system. Compared to broad-based employment subsidies, STW offers one notable
advantage and one important drawback. Its key strength lies in its built-in screen-
ing mechanism: by conditioning support on a reduction in working hours below
a certain threshold, STW naturally targets firms facing temporary productivity
shortfalls—those most at risk of layoffs. This stands in contrast to a broad-based
subsidy program (like the Paycheck Protection Program (PPP) in the U.S.), which
has difficulty distinguishing between firms that genuinely required support and
those that did not.

The major disadvantage, however, lies also in the mechanism’s reliance on hours
reduction, which may distort firm-level decisions. Firms and workers inefficiently
reduce working hours to draw in more support from the government, introducing
a new layer of inefficiency into the economy. Additionally, STW is no instrument
that can be used to stabilize the job-finding rate.

The preceding analysis provides the foundation for evaluating the role of STW
under varying economic conditions.

STW in Recessions. During both the Great Recession and COVID-19 pandemic,
governments expanded STW systems—both in terms of generosity and eligibility.
This raises the natural question: How should STW be optimally adjusted dur-
ing recessions? The second part of chapter 1 finds that increasing STW benefit
generosity in downturns is indeed optimal, aligning with recent policy practice.
However, contrary to policy practice, the eligibility criteria should be tightened,
not relaxed. Quantitatively, I find that in response to a 1% negative productivity
shock, optimal STW benefits should rise by 12.5%, while firms must reduce work-
ing hours by an additional 6% to qualify for STW.

The rationale is as follows. Recessions typically involve sharp declines in job-
finding rates, which increase the expected duration of unemployment spells. This
makes separations more costly from a social perspective. As a result, the govern-
ment wants to raise STW benefits to strengthen incentives for firms to retain
workers. Yet, more generous benefits also increase the risk that firms that can
survive without STW support enter the system. To mitigate these windfall effects,
stricter eligibility rules (e.g., higher required reduction in working hours) are nec-
essary.

STW and Labor Misallocation. A frequent concern with STW is that it impedes
efficient worker reallocation by locking workers into unproductive firms. To study
this, the second chapter introduces firm heterogeneity and information asymme-
tries into the model. Specifically, it distinguishes between firms with temporary
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and permanent productivity shocks. Temporary unproductive firms are likely to
recover, while permanently unproductive ones are less.

The government, however, cannot observe a firm’s type. This informational fric-
tion forces the government to balance two goals: preventing inefficient separations
from temporarily distressed firms and promoting reallocation away from perma-
nently unproductive ones. The model shows that the optimal policy would like to
provide high subsidies to firms likely to recover and low subsidies to firms unlikely
to do so. When firm types are unobservable, the government faces a trade-off: it
can provide high STW benefits to support temporarily unproductive firms but at
the cost of retaining workers in permanently inefficient firms — or vice versa. The
optimal benefits rely on the distribution of firm types in the economy.

Surprisingly, I find that setting STW optimally almost completely eliminates the
cost of misallocation. Furthermore, if the government can observe separation in-
tentions (e.g., the government usually requires access to the financial records of
the firm), it can improve targeting by letting STW benefits decline over time. As
time passes, the pool of firms remaining on STW shifts toward those with more
persistent negative shocks which motivates the government to reduce benefits to
foster reallocation. If direct observation of separation intentions is not possible,
eligibility based on hours reduction can screen out firms with permanent produc-
tivity shocks and makes a degressive STW system superfluous.

The chapter also offers first insights into how STW should respond to struc-
tural change. Structural shifts—such as sectoral decline or technological displace-
ment—lead to an increase in firms with persistent productivity shocks. In such
cases, the optimal policy response is the opposite of a recession response: If the
shift in structural change is sufficiently large, STW benefits should be reduced to
encourage labor reallocation. At the same time, eligibility criteria should be re-
laxed to extend support to the now larger mass of firms facing permanent shocks.
Therefore, it is crucial to distinguish between recessionary shocks and structural
change when designing STW policy.

STW or Lay-off Taxes. The final chapter shifts focus and examines whether there
exist more effective systems than STW to combat the fiscal externality of the UI
system. In Europe, STW and UI are typically combined. In contrast, the U.S. re-
lies on experience-rated Ul, where firms contribution to the UI system rise when
laying off a worker which I model as lay-off tax. This raises a key policy question:
Which system is superior?

The answer depends crucially on the prevalence of financial constraints. When
financial constraints are rare, layoff taxes are preferable. They can efficiently de-
ter inefficient separations without distorting firms’ hours decisions, achieving the
socially optimal separation rate.
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However, in economies with many financially constrained firms, STW performs
better. Layoff taxes are less effective at deterring separations when firms lack
liquidity, while STW still enables firms to reduce labor costs without firing work-
ers. Additionally, STW provides partial income insurance even when separation is
avoided—something UI and lay-off taxes do not do.

The quantitative analysis shows that when more than 40% of firms are financially
constrained, STW outperforms experience-rated UL

Conclusion. This dissertation demonstrates that STW can serve as an effective
policy instrument for mitigating inefficient separations caused by a UI system,
particularly in the presence of firm-level financial constraints. Conditioning eli-
gibility on working-hour reductions enables screening for firms in genuine need
of support—an issue often encountered in conventional subsidy programs. When
optimally designed, STW can significantly reduce inefficient separations without
inducing notable labor misallocation. Nonetheless, minimizing distortions to hours
worked remains a persistent challenge. The effectiveness of STW ultimately hinges
on the government’s ability to enforce and calibrate eligibility criteria to limit
windfall effects. Importantly, optimal policy adjustments may differ markedly be-
tween recessions and periods of structural change.






Chapter 1

Optimal Short-Time Work Policy In
Recessions

1.1 Introduction

The Great Recession and the COVID-19 pandemic have reignited interest in fun-
damental questions of labor economics: How can we prevent unemployment, and
how can we protect workers from income loss due to unemployment? To address
these challenges, policymakers in Europe have primarily relied on a combination
of two policy tools: Unemployment Insurance (UI) and Short-Time Work (STW).
UI replaces part of a worker’s wage when workers become unemployed, while
STW offers partial wage compensation to employees when employers temporarily
reduce working hours below a certain eligibility threshold. In recent crises, policy-
makers expanded the STW system, increasing both its generosity and accessibility,
while largely leaving the UI system unchanged. This raises the question of how
STW and UI should be used together, and why we should adjust STW over the
business cycle.

Although extensive literature exists on optimal UI,! the optimal use of STW and
its interaction with UI are less well understood. Burdett and Wright (1989) and
Braun and Briigemann (2017) are the first to analyze the interaction of STW and
Ul in a static implicit contract model using numerical simulations. However, Cahuc
(2024) argues that the interplay between Ul and STW remains conceptually vague
and that clarifying the optimal interplay is pivotal for formulating effective policy

1. Several studies, including Baily (1978), Shavell and Weiss (1979), Hopenhayn and Nicol-
ini (1997), and Chetty (2006) explore the optimal design of UI systems with a focus on job
search incentives. Landais, Michaillat, and Saez (2018) extend this by incorporating vacancy
posting incentives. Blanchard and Tirole (2008) and Cahuc and Zylberberg (2008) discuss layoff
taxes to reduce Ul-induced separations. Jung and Kuester (2015) and Michau (2015) examine
the optimal UI design, addressing these issues with vacancy subsidies and layoff taxes. This paper
investigates optimal UI design where STW could target vacancy postings and separations.
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recommendations. Further, despite its extensive use in recessions, there exists no
theory yet on how to use STW optimally over the business cycle.

To address this gap in the literature, I develop a real business cycle model incorpo-
rating Mortensen and Pissarides (1994) type matching frictions in the labor mar-
ket. The model accounts for risk-averse workers who cannot save, flexible work-
ing hours, and endogenous separations. Workers’ contracts about income, work-
ing hours, and separations are determined within a generalized Nash-Bargaining
framework. The Ul and STW systems are chosen optimally and are financed by
lump sum income taxes.

The paper makes two key contributions. First, the paper is the first to provide
closed-form expressions for the optimal policy mix between UI and STW. These
show that the UI system is responsible for providing income insurance to workers
while STW internalizes the fiscal externality of the UI system on separations, a
result supported by the implicit contract literature. Further, the expressions show
that the government trades off employment stabilization against distorting work-
ing hours with STW. Second, I allow STW to adjust optimally over the business
cycle. My findings indicate that, in line with actual policy, optimal STW policy
requires increasing benefits in recessions. However, contrary to current practices,
the eligibility condition should be tightened. In a quantitative exercise calibrated
to the US economy, I find that optimal adjustment of STW is sizable. In response
to a 1% negative productivity shock, optimal STW benefits should rise by 12.5%,
while firms must reduce working hours by an additional 6% to qualify for STW.

Search frictions, an element not accounted for in the implicit contract literature,
prove to be crucial to understand why STW should be adjusted over the busi-
ness cycle. The expressions show that a decline in the job-finding rate increases
the social costs of separations due to prolonged spells on the UI system, prompt-
ing optimal STW benefits to rise. Simultaneously, larger STW benefits increase
the incentives for firms to enter the STW system. To keep the number of firms
and thus the distortion of working hours in check, the eligibility condition must
become stricter. Surprisingly, integrating the STW system optimally with a UI sys-
tem proves to be less fiscally expensive than relying solely on the UI system.

In more detail, the model entails two potential reasons for government interven-
tion. First, risk-averse workers cannot insure themselves via savings or on the
financial market. Second, the Hosios (1990) condition might not be fulfilled, caus-
ing inefficiencies in vacancy posting. To counter these inefficiencies, the Ramsey
planner can choose the UI and STW system.

The UI system pays unemployed workers Ul benefits as their only source of in-
come while they are unemployed. STW consists of two instruments: the eligibility
condition and STW benefits. Firms and workers choose working hours freely and
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qualify for STW when the hours worked fall below a specific eligibility threshold.
Hijzen and Martin (2013) show that most STW systems in practice use this type of
hours reduction as eligibility criterion. Under STW, the government compensates
workers for every hour they work less than usual.

The modeling differs from the recent business cycle literature on STW. Balleer,
Gehrke, Lechthaler, and Merkl (2016), Gehrke, Lechthaler, and Merkl (2017),
Dengler and Gehrke (2021), and Cooper, Meyer, and Schott (2017) argue that
working hours outside STW are inflexible and that STW’s role is to flexibilize the
intensive margin. Instead, I follow the spirit of the implicit contract literature of
Burdett and Wright (1989), Van Audenrode (1994), and Braun and Briigemann
(2017), where working hours are flexible, STW acts as a subsidy, and subsidizing
hours reduction leads to a suboptimal low choice of working hours under STW.
Cahuc, Kramarz, and Nevoux (2021) emphasize the empirical and quantitative
relevance of these hours’ distortions in a partial equilibrium search model. Follow-
ing the approach of the implicit contract literature has the advantage that STW
benefits reduce separations directly.

Based on a search and matching model with flexible intensive margin, I derive the
optimal policy mix between the UI system and the STW system in steady state.
Thereby, we have to weigh the advantages against the costs of each system care-
fully.

The UI system reacts to the inability of workers to insure themselves against in-
come losses. Optimal UI benefits have to balance the classical trade-off. On the
one hand, higher UI benefits offer risk-averse workers more income insurance in
case of job loss. On the other hand, it distorts vacancy posting and separations
(cf. Pissarides, 2000). When firms and workers negotiate contracts, workers face
a trade-off: stay employed during low productivity times but accept a lower salary,
or opt for a higher salary with greater unemployment risk. The UI system in-
creases the outside option of the worker and skews this decision towards higher
unemployment risk and salaries, inefficiently raising overall separation rates. Fur-
thermore, higher UI benefits drive up workers’ salary demands, reducing firms’
revenues and, consequently, their hiring efforts. Both effects lead to inefficiently
high unemployment levels.

As a subsidy, STW could potentially increase inefficient low vacancy posting and
reduce inefficiently high separation rates. First, let us focus on the job-finding
rate. Papers like Balleer et al. (2016), Giupponi and Landais (2018), or Cahuc,
Kramarz, and Nevoux (2021) support the idea that STW increases vacancy post-
ings. By considering the financing of the STW system, I find the opposite. In my
model, STW and the Ul system are financed balanced budget by lump sum income
taxes. When posting vacancies, firms do not know yet whether they will produce
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regularly in the future and finance the STW system, or whether they enter the
STW system and gain from it. Therefore, a more generous STW system will not
increase vacancy posting efforts, as it has to be financed by higher contribution
when producing regularly.

Surprisingly, even when ignoring the fiscal costs of financing the STW system,
I can demonstrate that the Ramsey planner would still opt not to stabilize job-
finding rates. This is because the distortionary effects of the STW system are too
costly.

On the contrary, STW effectively reduces separations as it reduces firms’ salary
costs during downturns. Optimal STW benefits respond to two opposing forces.
First, they are designed to counterbalance the fiscal externality of the UI system.
Essentially, STW should reduce firms’ salary costs by the amount an additional
unemployed worker increases the fiscal costs of the UI system to the government.
In spirit, this is the same rule as for optimal layoff taxes derived by Blanchard and
Tirole (2008) and Cahuc and Zylberberg (2008).

Second, optimal STW benefits have to take their own distortionary effects stressed
by Burdett and Wright (1989) into account. When benefits are increased, firms
and workers will opt for even lower hours to draw in more support from the
government. Therefore, the Ramsey planner does not prevent all inefficient sep-
arations caused by the UI system. Instead, he trades off stabilizing employment
against distorting average hours worked and thus adjusts STW benefits down-
wards. In the end, the planner will not prevent all inefficient separations but will
also accept some degree of working hours distortion.

It is important to note that while STW secures jobs, it does not provide direct
income insurance. Income insurance for unemployed workers is offered by the Ul
system. Firms, on the other hand, provide income protection against idiosyncratic
productivity shocks as long as the worker remains employed, a finding supported
by the implicit contract literature (cf. Rosen (1985) or Braun and Briigemann
(2017)). In my search and matching model, firms and workers negotiate income,
working hours, and separations within a generalized Nash-Bargaining framework
before the idiosyncratic productivity of the match is known. They establish a con-
tract contingent on the realization of productivity shocks. As a result, the risk-
neutral firm offers the risk-averse worker income insurance in exchange for lower
expected salaries. This entails stock-up during times on STW as we have seen in
the COVID-19 pandemic.?

The optimal STW benefits show that STW acts like a subsidy system. A key chal-

2. In Germany, large companies like Volkswagen, Telekom, and Deutsche Bahn, along with
major unions such as IG Metall and Verdi, supplemented their employees’ income on STW to
78%-95% of their regular earnings, while the STW system alone only provided 60% (cf. Miinchner,
2020).
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lenge of regular subsidy systems is, however, to effectively target firms that gen-
uinely need support, as productivity levels are often not directly observable. STW
addresses this issue with its eligibility condition. STW requires firms to reduce
working hours below a certain threshold to qualify for the program. Since it is
costly for more productive firms to significantly cut hours, they tend to reduce
working hours less than temporarily less productive firms. This creates a natural
screening mechanism for productivity. The minimum hours reduction requirement
can be adjusted so that only firms below a certain target productivity level qual-
ify for STW. Teichgriber, ZuZek, and Hensel (2022) discuss hours reduction as a
screening instrument in a mechanism design model.

I can show that the optimal eligibility condition implements the separation thresh-
old firms and workers would choose if they didn’t have access to STW as eligibility
threshold. A looser eligibility condition would reinforce the distortionary effects of
the STW system without saving additional jobs, resulting in pure windfall effects
as in Cahuc, Kramarz, and Nevoux (2021). A tighter eligibility condition would
risk losing firms that could have been saved with STW.

Quantitatively, firms and workers are eligible to go on STW in steady state if hours
worked fall roughly by 66% below their normal value. This is significantly stricter
than the 30% required in the German system. Further, STW replaces roughly 75%
of a worker’s wage in steady state. Further, the distortionary effects of STW reduce
the optimal net-transfers by roughly 30%.

In my model, recessions are caused by a negative aggregate productivity shock.
Salaries are assumed to be rigid to solve the Shimer (2005) puzzle. Reflecting
European practices, I allow STW to adjust over the business cycle while the Ul
system stays unaltered.

When analyzing STW during recessions, I focus on two potential cases. First, I cal-
ibrate the model to the US economy, where the current UI system replaces 45%
of wages, and look at how STW should optimally adjust over the business cycle.
In a second policy experiment, I implement the optimal UI rate in steady state
and repeat the exercise. In the model, the optimal replacement rate is at roughly
35% of income.

Over both cases, the reaction of the optimal STW system remains consistent. A
decline in the job-finding rate increases unemployment durations. Workers do not
fully internalize the social costs of separation, as they can stay on the unemploy-
ment system longer. To internalize the additional social costs from separations,
STW benefits need to be increased. However, higher STW benefits incentivize
more firms and workers to enter the STW system. Consequently, the eligibility cri-
teria must be tightened to prevent windfall effects and limit distortions in working
hours.
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Depending on the UI setup in steady state, STW contributes to welfare through
different channels. Broadly speaking, the Ramsey planner has three main objec-
tives: First, he wants to reduce efficiency losses from business cycle fluctuations.
These can be examined by the amount of inefficient fluctuations in aggregate con-
sumption. Second, he wants to smooth individual consumption across households.
STW can achieve this through the extensive margin by stabilizing employment.
Therefore, employment stabilization serves both an efficiency and an insurance
role. Finally, the planner aims to keep working hour distortions minimal, ensuring
that the disutility of work is used effectively in the production process.

Under the current UI system, both consumption and employment fluctuate inef-
ficiently with the business cycle. Optimal STW policy stabilizes around 30% of
inefficient aggregate consumption fluctuations and 50% of inefficient employment
fluctuations. However, by raising STW benefits and increasing the number of work-
ers in the STW system, it destabilizes average working hours by approximately
20%, which accounts for much of the remaining gap in consumption stabilization.

Surprisingly, with optimal UI in steady state, the planner’s STW policy no longer
needs to address aggregate consumption fluctuations. Optimal UI nearly maxi-
mizes aggregate consumption in the model. Excessively high UI benefits lead to
high unemployment rates and low output, while overly low benefits discourage
workers from leaving unproductive jobs, thus keeping inefficient firms afloat. Con-
sequently, marginal job matches contribute little to output, and their loss or preser-
vation has minimal impact on aggregate consumption stabilization. Nonetheless,
employment rates still fluctuate inefficiently, allowing STW to smooth individual
consumption indirectly via the extensive margin.

The paper contributes to two additional topics discussed in the literature. First,
Balleer et al. (2016) argue that STW acts as an automatic stabilizer. By stabilizing
separations, STW helps to stabilize employment, output, and consumption with-
out requiring adjustments throughout the business cycle. In my model, similar
results are obtained for employment but not for consumption. Since the eligibil-
ity condition is not adjusted, even firms that could survive without STW enter
the program. This exacerbates the distortionary effects on hours worked, negating
any positive effects of employment stabilization on consumption. This experiment
emphasizes the necessity of adjusting STW over the business cycle.

Second, a major concern of STW systems is that subsidizing low productive
matches causes allocative inefficiencies. Cooper, Meyer, and Schott (2017) argue
in a search and matching model that STW keeps workers in unproductive matches
and hinders their reallocation to more productive firms, effectively reducing over-
all productivity and output. Within my model, I find that the social planner must
balance the costs of reallocating a worker via the labor market against the costs
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of keeping a worker in an unproductive occupation. If the STW system is set too
generously, the concern of Cooper, Meyer, and Schott (2017) is valid. Conversely,
if STW benefits are set too low, the opposite occurs and we lose output due to
high unemployment rates. By setting STW benefits optimally, it is possible to re-
align private and social incentives, thereby avoiding misallocation effects.

The remaining structure of the paper is as follows. Section 2 introduces the model,
explores the decentralized economy, and solves for the social planner economy.
Section 3 derives analytical expressions for optimal STW policy and explores its
theoretical implications. Section 4 describes the calibration of the model. Section
5 applies the optimal STW policy to a supply-side recession. Section 6 analyzes
optimal STW policy with optimal UI in steady state. Finally, section 7 concludes
the paper.

1.2 Model

The economy is populated by a continuum of workers of measure one, infinitely
many one-worker firms, and a continuum vf of firm owners. Each firm produces
a homogeneous and non-storable good. The economy is closed. Each period, firms
and workers are subject to aggregate and idiosyncratic shocks. Nonetheless, firms
are ex-ante homogeneous in their match-efficiency.

idiosyncratic shock g;
aggregate
productivity shock

a; production y;
consumption ¢;

Nash-Bargaining vacancy posting v,
matches are formed m;

separations &, &,
STW take-up Estw,t

Figure 1.2.1. Period Timeline

The timeline of the period is structured as follows: At the start, firms experi-
ence an aggregate productivity shock. Before the idiosyncratic productivity shocks
occur, generalized Nash-Bargaining takes place. Firms and workers write a con-
tract specifying income, separations, hours of work, and short-time work (STW)
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take-up, all contingent on the realization of the idiosyncratic productivity shock.
Following this, the idiosyncratic productivity is drawn. Separations and STW take-
up take place. Then, output is produced based on working hours, and households
consume. At the end of the period, vacancies are posted and new matches are
formed. New matches don’t produce until next period.

1.2.1 Decentralized Economy

In the decentralized economy, separations, vacancy postings, and working time
are determined by firms and workers.

Firm Side. Each firm that enters a match with a worker can either produce or
separate from the worker. There is an aggregate component a, that is common to
all matches and an idiosyncratic component ¢; that is, for analytical tractability,
i.i.d. across time and matches with the distribution function G(¢).3

Firm-specific output y,(e,h,(e)) depends on the firm-specific productivity a, - e
which is divided in an aggregate productivity part a, and the idiosyncratic part e,
the number of hours worked h;(€) and the resource costs of the firm (u. —¢€;) - ¢f:#

Yele,h(€)) = a;-€-h(e)* — (ue —€) ¢ with  E[(ue —€)-¢] = 0

In line with Krause and Lubik (2007), I assume that the idiosyncratic shock log(e;)
follows a normal distribution €; ~ A (u, 0?) with u, = E[e;] = exp(u + % .02,
Furthermore, I assume that aggregate productivity follows an AR(1) process:

A = Mg+ Po (@1 — U + U, P € [0, 1), by ~ JV(O,O}%)

Firms are assumed to be owned by firm owners. As a result, future cash flows are
discounted using a stochastic discount factor, reflecting how firm owners weigh

3. Having persistent idiosyncratic shocks, we would need a state vector to keep track of the
productivity distribution of the firms. This would make computing the Ramsey policy very difficult.
¢; can also be interpreted as a measure for the persistence of the idiosyncratic productivity shocks.

4. Note that the cost shock of the firm is important, if we want to have a quantitatively
realistic impact of the UI system on unemployment, endogenous separations, and time-independent
idiosyncratic shocks in an otherwise analytically tractable model. It is a well-known problem that
search and matching models overstate the importance of the UI system (see Costain and Reiter
(2008)). To have a sensible impact of the UI system, we need a large surplus calibration. The
bigger the surplus, the smaller the relative impact of a change in Ul benefits. However, large
surpluses lead to small separation incentives. Since the cost shock has an expectation value of
zero, it allows for a large surplus calibration. At the same time, it affects the marginal firms the
most, allowing for endogenous separations.
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future marginal utility of consumption against today’s:

()

t

w' ()

Q{,t+1 =P

The value of a worker for a firm, that is not on STW, and whose idiosyncratic
shock has realized to ¢, is:

Ji(€) = yi(e,h(€)) —w(h(e)) +E [ Q1 S |

The firm gets the production value of the match y,(e,h,(€)) but pays the wage-
sum w,(h,(e)) dependent on the total working hours to the worker. E, [Q’; 4l jtﬂ]
denotes the expected discounted continuation value of the value of the worker for
the firm.

The value of a worker for a firm, who is on STW, and whose idiosyncratic produc-
tivity has the value €, can be written as:

Jstw,t(e) = y.(e, hstw,t(e)) - Wt(hstw,t(e)) + E; I:Q/[(’t+1jt+1j|

Since working hours fall on STW, firms have to pay a smaller salary.

The access to the STW system is restricted by the government via the eligibility
condition. As in Cahuc, Kramarz, and Nevoux (2021), firms and workers have
the option to transition to STW when the number of hours worked falls below a
specific threshold set by the government, denoted as D,. This threshold serves as
a criterion for determining eligibility for STW:

hstw,t(e) < hstw,t(estw,t) = D,

It essentially means that firms and workers are eligible to participate in the

STW system if they reduce their hours worked by a certain percentage below

their normal level, D‘E_ h-lOO%, where h represents the mean hours worked

in the steady state. This eligibility condition is consistent with findings by
Hijzen and Martin (2013), who identify that 15 out of 24 OECD countries with
STW programs in place employ this minimum hours’ reduction as an eligibility
criterion. In subsequent sections, we say that the eligibility condition becomes
looser when D, increases, indicating that it becomes easier to enter into STW. The
eligibility threshold, denoted as €, is defined based on temporary productivity
€ and is implicitly determined by the equation D; = hg,, (€54, (). In the spirit of
Teichgriber, Zuzek, and Hensel (2022), the hours reduction criterion can be used
as an instrument to screen for productivity and jobs at risk.

Depending on the values of D,, respectively €g,,, the eligibility threshold may or
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may not be binding and can have various impacts on the economy. We need to
consider four distinct cases, as illustrated in Figure 1.2.2.

Separations Separations STW take-up
on STW at without STW at desired at
Est S5t Sstw,t

Case 0 Case 1 | Case 2 | Case 3 £

/7
Job destruction No job destruction No job destruction No job destruction
no STW on STW on and off STW no STW desired
STW desired STW desired

Figure 1.2.2. Thresholds and employment outcomes across productivity levels

Case 0: €y, < €. In case 0, the eligibility threshold is stricter than the separa-
tion threshold for firms and workers on the STW system. Under these conditions,
no firm or worker will ever access the STW system, rendering it obsolete. For the
sake of notational brevity, we will exclude this case from further consideration
in subsequent sections, as it does not limit the planner’s choice set. We require
€stw,r = €5 By setting €4, = €5, the Ramsey planner can still make the STW
system obsolete.

Case 1: €5 < €4y < & Case 1 describes a situation where matches with lower
productivity € € [, €4, ] are allowed on the STW system and are rescued, while
matches with higher productivity € € (€4, &s,) are not allowed and dissolve.
Here, &, denotes the separation threshold of matches without access to STW, de-
termined within the generalized Nash-Bargaining framework.

Case 2: &y < €5y < Egpwr- In case 2, all firms and workers that would dissolve
without STW can enter the STW system. At the same time, the eligibility thresh-
old denies matches with productivity € € (€5, 1, &gy, ] access to STW. Note that
these matches want to take up STW but are not at risk of breaking up. Follow-
ing Cahuc, Kramarz, and Nevoux (2021), I will refer to them as windfall effects.
Here, &, denotes the STW take-up threshold of firms and workers. This thresh-
old determines the idiosyncratic productivity level at which firms and workers
want to enter the STW system. It is also determined within the generalized Nash-
Bargaining framework.

Case 3: &gy < €gwy- In case 3, the eligibility condition becomes so loose that it
no longer binds. Firms and workers do not want to take up STW. Without loss of
generality, we can assume that the planner wants to set €y, ; < &, , and excludes
the case from further considerations. Setting €, = &, has the same effect as

setting & stwt < Estw,t-

To wrap up, we have seen that only cases 1 and 2 are relevant for the subsequent
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analysis. Without loss of generality and for notational brevity, we require the eli-
gibility threshold to be at least as large as the separation threshold of firms and
workers with access to STW but not larger than the STW take-up threshold for
firms and workers:

€t S €y S gstw,t

>

From this, we can derive the separation rate. The separation rate depends on the
probability that firms in the STW system dissolve, plus the probability that firms
and workers experience a productivity shock strong enough to cause dissolution
but not strong enough to warrant entry into the STW system (case 1):

pe = Glego) + maX{G(gs,I) - G(estw,t))o}

The expected value of a worker for a firm right before the idiosyncratic shock has
realized can be denoted as:

g = J J.(€)dG(e) +J Ty (€)AG(E) — py - (Weuy + F)  (1.2.1)

max{€py, &5 ¢} Es,t

When the idiosyncratic productivity exceeds both the eligibility threshold and
the separation threshold for firms without access to STW, € > max{ey, (, &},
the firm continues to operate regularly. If productivity falls within the interval
€ € [€;4, €5t ), firms shift to production under STW. Further, when firms decide
to separate from a worker, they incur two types of costs. First, they must pay sev-
erance payments, denoted as w,,,. Severance payments compensate the worker
for the loss of employment and are part of the contract that firms and workers
bargain over at the beginning of the period. Second, firms face fixed costs of job
destruction, represented by F. These costs include administrative and legal ex-
penses associated with removing the worker from the payroll, as well as efficiency
losses due to the need to restructure the production process.s

Firms post vacancies v, until the expected costs of recruiting a worker equal the
discounted expected value of a worker for the firm.

q_: = Et[QIZHftH] (1.2.2)

Here, g, denotes the probability of filling a vacancy and k, the costs of posting a
vacancy.

5. Research by Kuhn, Manovskii, Bellmann, Gleiser, Hensgen, et al. (2021) indicates that
firms often operate with coordinated teams and work processes. Separation from a worker disrupts
this coordination, resulting in output losses. According to the study, firms view these costs as one
of the main reasons for the use of STW.
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Firm Owners. There exists a continuum v{ of firm owners in the economy that
have positive but decreasing utility of consumption u(). Firm owners consume the
profits I, produced in the firm sector. Profits are spread equally among all firm
owners. Besides that, they do not make any decisions. The value of a firm owner
is denoted as:

Vi =u(d)+p E[V,,] with =

= | =

Profits equal total output minus the wage bill, separation, and vacancy posting
costs:

I, = n,- ( f (v, (e, h,(€)) — w,(h,(€))) dG(€)

max{estw,t’is,t}

+ J ’ (yt(ea hstw,t(e)) - Wt(hstw,t(e))) dG(G))

s,t

_Pt'nt‘(Weu,t+F)_kv‘Vt

Worker Side. The value of an employed worker with idiosyncratic productivity
€ can be written as:

v¥e) = u(w(h(e) — 1y, —v(h(e)) + B - E[¥]
with /() > 0, u’() <0, v(0) =0

Workers derive utility from consumption and disutility from working v(h). Each
period, workers consume their after tax salary w,(h.(¢)) — 7. Further, workers
are risk-averse. The use of the quasi-linear utility function excludes income effects
and makes the theoretical results cleaner.¢® The expected value of entering next
period’s employment is denoted by E, ["f/t‘fl]

The value of an employed worker on STW can be denoted as:

Ve (o) = u( Wo(haon e (€)) Ty - (R — hygy (€)=, —v(hmt(e)))
Reduced in;gme by firm net transfer STW

+p 'Et[“ytvil

During STW, firms and workers will agree on reducing working hours. Conse-
quently, the income of workers falls. The government now steps in and compen-
sates the worker for every hour he works less than he would normally do. h

6. Mathematically, it allows to map the model’s flexible intensive margin into a standard
search and matching model with risk aversion.
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denotes the average hours worked in steady state. Note that only the least pro-
ductive firms will reduce working hours sufficiently to enter the STW system. As
a result, STW is a subsidy to the least productive matches.

The expected value of a worker at the beginning of the period is:

Y = f VY () dG(e) +f . Vit (€)dG(e)

max{€suy, s ¢} €s,t

T P (u(weu,t - TJ,t) —u(b) + Ut)

As in the equation 1.2.1 for the expected value of the firm, households work nor-
mally if the idiosyncratic productivity is large € > max{eg,, €.}, g0 on STW if
€ € [€5, €sw ] and get unemployed for € < €, respectively € € (€, ,, & ). When
workers get unemployed, they receive severance payments w,, .. Workers still have
to pay taxes 7;, on the severance payment. As in Jung and Kuester (2015), work-
ers get no unemployment insurance in the period when they receive the severance
payment.”

The value of an unemployed worker at the beginning of the period can be written
as:

U = ub) + B - E[fo- ¥ + A —=f) - Uyq]

Being unemployed, a worker receives unemployment benefits b,. With probability
fi» the worker finds a job and gets the value of being employed at the beginning
of the next period. Otherwise, the worker stays unemployed.

Nash-Bargaining. Firms and workers bargain over salaries w,(h), severance pay-
ments W, ,, the hours worked on STW hy,,.(€) and off STW h.(e), the volun-
tary STW take-up threshold &, , and the separation decisions with STW ¢, and
without STW &, before the idiosyncratic productivity is known in a generalized
Nash-Bargaining set-up. They can write a contract based on the realization of
each idiosyncratic productivity state €. 1,_; denotes the bargaining power of the
worker. The bargaining solves:8

1-n
max B M1, 9" = U)"
Wr(h)’Weu,t’ht(E);hstw,t(6),5s,t;£stw,u€s,t

7. This reduces the elasticity of the separation rate on movements in the UI benefits, helping
to solve the puzzle of Costain and Reiter (2008).
8. Derivations can be found in Appendix 1.F
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The risk-neutral firm decides to offer the risk-averse worker a contract that insures
the worker against any idiosyncratic productivity shock within that period: ¢

u’(wt(ht(e)) - v(ht(e))) = u’(wt(hsm,t(e)) - v(hm(e)))

cc(e) Estw (€

o
=u (Weu,t - TJ,t)
—_————

Ceu,t

It guarantees the same consumption equivalent and therefore utility regardless of
whether workers work regularly, are on STW, or get laid off. When workers get
laid off, they receive severance payments for that period:

¢ = ¢le) = Estw,t(e) = Eeu,t

Once workers get laid off and do not find new employment within the same
period, they transition to the UI system. To achieve the same utility on and off
STW, firms must stock up part of the worker’s salary on STW, a behavior we have
actually seen in the COVID-19 pandemic. Note that utility is equalized, which
gives limited room for the salaries to adjust according to the working hours.

The effect of risk aversion on the wage can also be seen in the wage-formula,
respectively the formula for the consumption equivalents:

. 1—n
€t = M1 '(Zt_ 0 “b—p - F+(1—p)- 9t'kv)+(1—m—1) - by
t
Resource Share of Joint Surplus
G
u' ()
— Q=19 J [ - 1]dx (1.2.3)
b, u (Ct)

Penalty for Risk Aversion of Workers > 0

The formula for consumption equivalents consists of two parts. The first part de-
scribes how the additional resources that the match generates, beyond what the
Ul system provides, are shared between firms and workers. The outcome is the
same as under risk-neutrality:.

9. Derivations of the optimality conditions implied by the Nash-Bargaining can be found in
the appendix in section 1.F.
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In the formula, 2, represents the expected consumption equivalents produced by
the match:

Z = J Yi(e, h(€)) —v(h.(€))dG(e)

max{ Estw,t> Es,t}

+ f Y€ By (€)) — V(B (€))AG(e)

st

The second part of the formula describes how risk aversion reduces workers’ in-
come. On the one hand, risk-averse workers prefer a steady income stream. The
risk-neutral firm knows that and provides income insurance against any idiosyn-
cratic shocks to the worker. In exchange for the income insurance, workers are will-
ing to give up part of their salary. On the other hand, incomplete unemployment
insurance erodes workers’ outside options, as the marginal utility of consumption
is high when workers depend on UI benefits. Firms exploit this by threatening
to walk away from negotiations, securing lower salary levels. The threat becomes
more potent as the gap between the consumption equivalents and UI benefits
grows.

Note that firms only offer income insurance against idiosyncratic shocks but not
against aggregate shocks. Aggregate shocks have full pass through to the salary
of the worker. This flexibility in salary causes the so-called Shimer Puzzle, which
states that search and matching models struggle to generate sufficient cyclical
fluctuations. The puzzle is commonly resolved by introducing wage-rigidity (see
Hall, 2005) or, in my case, rigid salaries. In the implementation of rigid salaries,
I follow Jung and Kuester (2015) and assume procyclical bargaining power of the
firms.

1- ’I’)t) = eXP(Yw : at); Yw > 0

We can relate the expression to rigid salaries as follows: If productivity falls in
recessions, but salaries are rigid, a larger share of the joint surplus is claimed by
the workers. In a model with Nash-Bargaining, this is equivalent to reducing the
firms’ or respectively increasing the workers’ bargaining power. Fahr and Abbritti
(2011), for instance, show that the existence of wage adjustment costs leads to
the procyclical bargaining power of the firm.

As in the efficient bargaining setup of Trigari (2006), hours are chosen to maxi-
mize the joint surplus. As a result, outside STW, the marginal product of hours
worked needs to equal its marginal disutility. This is the solution the social planner
would choose as well (see equation 1.2.7):
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dy.(e,h.(€))
dh.(e)

| —
Marginal Product of Labor

V' (h(€)) (1.2.4)

———
Marginal Disutility of Work

Workers with low idiosyncratic productivity work less to save disutility of hours
worked, while those with high idiosyncratic productivity will work more to make
use of the extra productivity boost. This result can be interpreted as some kind
of perfect working time account. Working time accounts let workers do overtime
in good times while reducing working time in bad times. Such flexible working
times gain importance, for example, in Germany (see Ellguth, Gerner, and Zapf,
2018). A reduction in aggregate productivity will reduce the working hours of
every worker in the economy:.

Firms and workers want to access the STW system when the surplus gain from
the STW subsidy exceeds the loss from working hours reduction:

Tstw,t * (}_1 - hstw,t(gstw,t))

Surplus Gain fr?)?n STW Subsidy
= Yt (Estwe> hstw,t(gstw,t)) - V(hstvv,t(gstw,t)) = Y55 ht(gstw,t)) + v(ht(gstw,t))

Surplus Loss from suboptimal low Working Hours

If firms and workers are highly productive, they will decide not to enter the STW
system, as they can only attract benefits if they reduce the working hours below
the usual level h. Instead, they want to work more than usual to exploit the
benefits of the extra productivity. All matches with an hours choice of h,(e) < h
will want to enter the STW system to exploit benefits. Naturally, the government
would want to set a stricter eligibility condition, as otherwise more than 50% of
the workforce would want to enter the STW system.

Working hours on STW are chosen sub-optimally low. By reducing the number of
hours worked, firms and workers can not only reduce disutility from work but can
also attract more STW benefits (see Cahuc, Kramarz, and Nevoux, 2021):

3%(6, hstw,t(e))
ﬁhstw’t(e)

Marginal Product of Labor

= V(s (€)) 4+ Topr (1.2.5)
~————

—~—
Marginal Disutility of Work STW Benefits

To provide a visual representation of the hours distortion effect of STW for the
case &, < €y, figure 1.2.3 displays the relationship between hours worked and
idiosyncratic productivity. When productivity is high, workers tend to work their
normal hours. However, as productivity decreases, both firms and workers have the
option to utilize the STW program. Under STW, working hours are reduced below
the optimal level. We refer to this reduction of hours as the hours distortion effect
of STW. The loss in working hours is represented as the area between the number
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of hours worked without STW and the actual hours worked on STW. Its impact on
the optimal provision of STW will be discussed extensively in subsequent sections.

If productivity declines even further, separations occur, and working hours fall to
Zero.

Figure 1.2.3. Hours Distortion Effect of STW
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Notes: The figure illustrates how STW influences the hours choice decision. h,(g) de-
notes the hours that firms and workers would choose if they were not on STW. h,,(¢)
denotes the hours choice if they were on STW. The red line shows the actual hours
choice dependent on being on regular production & > &g, on STW € € [g;,, £,] OF
separated ¢ < g,. The differences between the red line and the dashed line on STW
show the hours distortion effect of STW.

Separations occur if the joint surplus, after the idiosyncratic shock has been real-
ized, becomes negative. The separation threshold without access to STW can thus
be determined as:

1
J’t(gs,n ht(gs,t)) - V(ht(gs,t)) +F+
The separation threshold with STW can be determined as:

J’t(es,n hstw,t(es,t)) - V(hstw,t(es,t)) + U_l - hstw,t(es,t)) * Tstw,t

— =0 (1.2.6)

Firms and workers want to separate if period output minus disutility from work
becomes negative, but are disincentivized by potential separation costs. Further-
more, firms want to hoard workers to save search costs for a new worker, while
the worker would lose its expected value of being employed by the separation.
This value is reduced by the opportunity of the worker to find a new job, which is
represented by 1 —m,-f, < 1. Notably, STW increases the joint surplus and disin-
centivizes separations. Firms are committed to insure workers against income fluc-
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tuations, even in bad times. Higher STW benefits reduce the salary-commitment
of firms in bad times and thus decrease separation incentives.

Budget Constraint Government. I assume that the government must balance its
budget every period. Income taxes finance the Ul system and the STW system.

Estw,t

ne-Tye = (1 - nt) by +n;- f Tstwt " (i_l - hstw’t(e)) -dG(e)

€s,t

The government will determine the UI and the STW system endogenously. The
tax is adjusted accordingly.

Labor Market Flows. Based on the timing of the economy, we can formulate the
law of motion of employment n,:

ne = A—=pJ neqg+mey

Here, n, denotes the number of employed workers at the beginning of the period.
m; denotes the number of newly formed matches. 1 —n; + p; - n, denotes the num-
ber of unemployed workers after separations took place. Unemployed workers are
matched with vacancies v, according to a Cobb-Douglas matching function:

m, = m-vtl_y-(l—nt+pt~nt)y

The parameter m determines the matching efficiency, and y € (0,1) denotes the
elasticity of the matching function for unemployment. The labor market tightness
. . . . v,

is defined as the ratio of vacancies to unemployed 6, = m.
matching function and the labor market tightness, we can derive the probability

Based on the

to find a job f; and the probability to fill a vacancy q,:

— 1— _ —
ft:m'et Y: qt:m'ety

The number of separations s, can be determined by:

St = Pt Mg

Market Clearing. The market clearing is defined via consumption equivalents.
These can be used to pay for aggregate vacancy posting costs v, - k,, separation
costs s, - F, and consumption equivalents of employed ¢;” and unemployed c;’ work-

ers as well as firm owners c’;:

ne-g = vt-kv+st-F+nt-E¥V+(1—nt)-cl;+vf-c’;
—_————

Reallocation Costs
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1.2.2 Social Planner

I assume that the social planner equally weights the utility of every household.
The planner can freely allocate consumption, working hours, separations, and
the job-finding rate, given the production technology of the economy (I) and the
matching technology, respectively, the law of motion of employment (II).

t

W= max n, J U@ (€))dG(e) + (1 —np) - ulc) + ¥, - u(d)
t5€s,051t (€ 0
+p- Et[WfH]

subject to
@O n,- f ¢/ (€)dG(e) + 1 —ny) - ¢/ + V{ ) C/tc
0

= nt'J [y(e, h.(€)) — v, (h,(€))] dG(e)

—0,-(1—n +Gle) - n) -k, —n, - Gles) - F
D ngp = A —Gle) -n +£(6) - (1 —ny + G(egy) - nr)

Since workers and firm owners are risk-averse, the social planner wants to offer
the same consumption equivalents and thus utility, regardless of whether a worker
is employed or unemployed.

= AW — AU
ct—ct(e)—ct—c’;

Note that in the decentralized economy, firms can insure employed workers
against idiosyncratic productivity shocks but cannot insure unemployed workers.
Unemployed workers need to resort to the Ul system. As in the decentralized
economy, the social planner cannot insure households against aggregate shocks.

Since the planner can allocate resources freely, he tries to maximize output mi-
nus disutility from work and reallocation costs of a worker via the labor market.
Just like firms and workers outside STW, the planner selects working hours such
that the marginal productivity of hours worked is equal to the marginal disutility
derived from work:10

dy.(e,h.(€))
Jh.(e)

| —
Marginal Product of Labor

V' (h(€)) (1.2.7)

———
Marginal Disutility of Work

10. The derivations of the optimality conditions of the planner can be found in appendix
1.G.
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As a result, working hours are optimally determined in the absence of STW inter-
vention. The social planner discounts future welfare using a stochastic discount
factor reflecting how households weigh future marginal utility of consumption
against today’s:

u' @pin)
u'(e)

Qt,t+1 =p-

The optimal hiring condition can be written as:

ky
- = d-7
q: N~
~—— Static
Recruitment Costs Congestion Externality

oo

D1 (€, hega (€)) — v (ht+1 (6)) 1dG(e) — G(€s41) F) :|

B Quen (

€st+1

Expected Increase in Welfare

ky

qr+1

+ Ei | Qrps (1 -Y 'ft+1) (1 — G(€541))
—_—

Dynamic ~
Congestion Externality ~Saved Recruitment Costs

By creating and filling a new vacancy, the planner increases output and saves re-
cruitment costs in the subsequent period. However, an increase in hiring also leads
to a congestion externality, as firms compete for the available pool of unemployed
workers. This externality has both a static and intertemporal component.

First, when firms post vacancies, they reduce the probability of other firms filling
their vacancies, leading to higher recruitment costs. This relationship is reflected
in the term (1—y) < 1.

Second, keeping workers employed reduces unemployment and thus increases the
labor market tightness. A larger labor market tightness reduces the probability
of filling a vacancy and increases recruitment costs for other firms. The effect is
captured in the term (1 —1y - f;;1) < 1, which discounts the potential future recruit-
ment cost savings.

The optimal labor market tightness is determined such that the expected costs of
filling a vacancy equal its social benefits.

From the perspective of a social planner, separations should occur if the costs
of keeping an unproductive match alive surpass the social costs of reallocating a
worker via the labor market:
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a —
A« €5 * ht(es,t) — (Ue — €5p) - Cr— v(ht(es,t)) =
v
Social costs from keeping unproductive matches alive

_lorfe k
1—-v q

~
Social costs from reallocating a worker via the labor market

—F

~

The costs of reallocating a worker via the labor market entail the costs of employee
turnover for the firm. These are the costs of separating from an old and recruiting
a new worker, and the opportunity costs of leaving a worker outside production.
The opportunity costs rise with a fall in the job-finding rate, as the worker stays
longer unemployed.

Llorfe kb k

F = F+—=
I-rv q e
Expected Costs of Employee Turnover
Y k
+ aQ-f) — =
-y q

v
Opportunity Costs of having a Worker Outside Production

Note that having a worker outside production also entails a positive search ex-
ternality as unemployment rises, which increases the probability for all firms to
recruit a worker. This is represented by y € (0,1) which reduces the costs of lost
production.

1.3 Optimal STW Policy

1.3.1 Ramsey Problem

The Ramsey planner weights the utility of every worker equally. In order to bring
the decentralized economy as close as possible to the social planner economy, the
Ramsey planner can choose the UI benefits b, and the parameters of the STW
system: the eligibility condition D, and the STW benefits 7, ;. The Ramsey plan-
ner’s decisions are subject to the decentralized labor market equilibrium. With Ul
benefits, the planner can adjust the income insurance provided to unemployed
workers. With STW, the Ramsey planner can influence the separation rate. How-
ever, the use of STW also introduces a distortion in the choice of working hours,
which is summarized in the welfare cost term n, - £2,. The Ramsey problem can be
denoted as:
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WtG = max (1—n)-u)+n,-u(@)
D¢, T st e5b¢

+9- u([nt : f (e, he(€)) — v(h(€))) dG(e)
B

t

_nt"Qt_nt'Elt/V_(l_nt)'bt_nt'pt'F_Vt'kv]/vf)

+p 'Et[WtGH]

s.t. decentralized Equilibrium

The full problem is displayed in Appendix 1.I. Integration takes place over
all productivity states with employment %, =[e,, & JU[&;,, €snye]. Since the
primary focus of the paper is not on distributional conflicts between firm owners
and employed workers, I set the number of firm owners vi such that firms
and workers have the same amount of consumption units c{ =¢/. Inclusion of
distributional conflicts between firm owners and workers would not fundamen-
tally change the subsequent analysis, but would increase the complexity of the
expressions.

The welfare costs of STW are defined as the difference between output minus
disutility of work with and without the hours distortion effect of the STW system.

Definition 2, Welfare Costs of STW

The aggregate difference between output minus disutility of work with and without
hours distortions of STW is defined as the welfare costs of STW n, - £2,. Here, §2, can
be denoted as:

—~ X "
No Hours Distortion With Hours Distortion

wo J D6 () =¥ (1) =i (6, M (€)) + ¥ (P (€)) JAG(E)

The optimal implementation of STW is significantly influenced by how the STW
threshold and benefits impact the hours distortion problem associated with STW.
The results are summarized in Lemma 1.

Lemma 1, Welfare Costs of STW
The welfare costs of STW n, - 2, are positive, and increase, if the eligibility condition
gets looser or the STW benefits get more generous or both as:
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o0, - 20, >0 220, > o
O Tt oD, T 9Ty 0D,

PROOF: Appendix 1.J

First, the welfare costs must be positive. In the absence of STW, firms and
workers would naturally choose the optimal number of hours worked. However,
under STW, working hours are distorted downward, resulting in inefficiently low
production levels.

Second, more generous STW benefits create stronger incentives for workers on
STW to reduce their hours, thus severing the hours distortion effect.

Third, the welfare costs increase as the STW condition becomes looser. A looser
eligibility condition allows more firms and workers to enter STW. Consequently,
a greater number of them will choose sub-optimal low working hours, leading to
a larger loss in output.

Finally, if the eligibility condition becomes looser and the STW benefits get more
generous, the hours distortion effects are further exacerbated.

1.3.2 Optimal Ul given STW

Before examining the joint determination of optimal UI and STW, it is helpful to
explore the optimal UI system given a STW system that may not be optimally set,
as described in Proposition 1. This analysis provides insight into the role of the
STW system.

Similar to the social planner, the Ramsey planner seeks to insure workers against
income losses due to job loss. Ideally, as shown by the social planner, the Ramsey
planner would like to fully insure workers against income shocks ¢ = b. However,
it is well known that UI systems create fiscal externalities, leading to a wedge
between ¢" and b, such that ¢¥ > b. The wedge arises because UI systems en-
hance workers’ outside option. As a result, workers and firms negotiate contracts
with higher salaries and higher unemployment risk, leading to inefficiently low
vacancy posting and inefficiently high separation rates. Strikingly, STW cannot
help to eliminate inefficiently low hiring efforts. However, STW can theoretically
eliminate all inefficient separations.

Proposition 1, Optimal UI given STW in Steady State

Suppose the economy is in its non-stochastic steady state and a non-optimized STW
system exists where its STW threshold is set so that €, > &. Then, the optimal UI
benefits can be determined by
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u'd) —u' @) afse o€l
(1—n)-W—LV- (_8b -u) +Lg - (n-g(es)- Bb)
~———

Provide Income Insurance Reduction Hiring by Ul Increased Separations by Ul

where Ly, determines the social value from hiring one additional worker while Lg
denotes the social value of the marginal match.

n—r

Ly = B I+ FE

Q-y)-0-mn) . et g
~ Fiscal Externality UI on Hiring

Deviation from Hosios Condition

Lg = (1—f) - FE — Ty (R — Ry (€))

—_———

Fiscal Externality UI on Separations STW subsidy

The Fiscal Externality FE of the Ul system is defined as

_ B ' 1—n_
FE_l—[j-(l—G(es))-(l—f) [b+ n b}

PROOF: Appendix 1.1

To understand this outcome, we examine the efficiency costs of Ul in de-
tail. The term (—% ~u) captures the reduction in hiring efforts and thus
job-finding rates in response to higher UI benefits, with the superscript ge indi-
cating that all general equilibrium effects are considered. The term Ly represents
the social value of hiring an additional worker. Together, these terms reflect the
welfare loss from reduced hiring due to increased UI benefits.

The social value of hiring an additional worker depends on the deviation from
the Hosios (1990) condition and the fiscal externality (FE) of UI on hiring. When
workers’ bargaining power is too high (n > ), firms face elevated wages, reduc-
ing the private value of hiring below the social value. The UI system reinforces
this effect, as unemployment benefits, b, and the avoidance of income tax in
unemployment, 1;n” -b, increase the worker’s outside option. Both effects together
indicate inefficiently low hiring rates, making reductions in hiring socially costly.
Notably, the absence of STW in this expression shows that STW cannot realign
private and social incentives for hiring. Any increase in STW’s generosity is offset
by a tax increase required to fund it, leaving the firm’s value and hiring incentives
unchanged.

ge

The term (n -g(eg) - %) represents the number of additional separations result-
ing from larger UI benefits. Lg denotes the social value of the marginal match
to the economy. Together, the terms represent the welfare loss from inflated
separations due to UI benefits.
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The social value of the marginal match depends on the fiscal externality of
the UI system and the STW benefits. The option to rely on the UI system
enables workers to negotiate higher salaries in exchange for accepting greater
unemployment risk. Consequently, matches may dissolve despite having a positive
social value, making it costly to increase separations. STW can reduce the number
of inefficient separations by reducing salary commitments for firms in bad times.
The expression indicates that sufficiently high STW benefits can eliminate all
inefficient separations, setting the social value of the marginal match equal to
zero.

This result offers a new perspective on Cooper, Meyer, and Schott (2017)’s
concern that STW reduces allocative efficiency by impeding the reallocation of
workers between unproductive and productive firms. If STW benefits are set too
generously, Cooper, Meyer, and Schott (2017)’s argument is valid, suggesting
that the social value of maintaining a marginal match is negative Lg < 0; in this
scenario, it would be socially efficient for the worker to leave an unproductive
firm and seek new employment. However, if STW benefits are sufficiently low,
this concern becomes less relevant, as the social value of the match remains
positive Lg > 0.

1.3.3 Optimal STW Benefits, Eligibility Condition and Ul Benefits

We are now well-prepared to analyze the joint determination of the STW system
and Ul system. We start by analyzing the optimal provision of STW benefits
described in Proposition 2:

Proposition 2, Optimal STW benefits in Steady State
Consider the economy as previously described. Assume that it has converged to its
non-stochastic steady state. Then, the optimal STW benefits T, are determined by:

Tstw * (E - hstw(es)) =

v
Net-Transfer STW

L*

| S ——
A: Fiscal Externality UI on Separations B: Welfare Costs Rescuing Worker with STW
>0 >0

- BE
~—
C: Bargaining Effect

PROOF: Appendix 1.1
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The determination of optimal STW benefits, denoted as t,,, follows a two-
step procedure, as outlined in the left-hand side of the formula in Proposition
2. First, the Ramsey planner calculates the optimal net-transfer to the least
productive matches. This reflects the amount of resources the planner intends to
transfer to the marginal match.

Second, the planner must consider how the STW system influences the reduction
in working hours by firms and workers, represented by h— h,, (€,). This reduc-
tion determines the amount of resources allocated to the match for given STW
benefits 7. Higher STW benefits result in a greater reduction in working hours,
which in turn leads to a larger transfer of resources to the match. Using this
information, the Ramsey planner adjusts the STW benefits to achieve the optimal
net-transfer of resources.

The optimal net-transfer to the least productive matches comprises three compo-
nents. Part A explains the rationale for STW’s existence. Parts B and C discuss
trade-offs of using STW. First, let us look at the reason to use STW:

Part A claims that the optimal transfer with STW has to be equal to the fiscal
externality of UI benefits on separations (1 —f) - FE. From Proposition 1, we can
infer that using this rule will eliminate all inefficient separations. But what exactly
is the fiscal externality? The formula can be interpreted as the net present value
of transfers a worker receives from the government from becoming unemployed
(UI benefits + tax savings). Conversely, we can interpret the expression as the
expected fiscal costs imposed on the government upon unemployment of the
worker. In spirit, this is the rule Blanchard and Tirole (2008) and Cahuc and
Zylberberg (2008) found in their analysis of optimal layoff taxes. To see this
interpretation more clearly, Corollary 1 shows a simplified version of the fiscal
externality under the assumption of no discounting:

Corollary 1, Fiscal externality UI on Separations under no Discounting
Assume no discounting 3 = 1. Then, the fiscal externality of UI on separations is

(1—f)-FE=T-b with T = 1fo

where T denotes the duration a worker spends on the UI system.

PROOF: Appendix 1.K

Under no discounting, the fiscal externality of the UI system equals the ex-
pected duration a worker spends on the UI system when laid off, multiplied
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by the UI benefits. This is nothing else than the total costs an unemployed
worker imposes on the UI system and has one important implication: larger Ul
benefits and a longer unemployment spell increase the social and fiscal costs of
separations and thus optimal STW benefits.

Corollary 2, Higher Job-Finding rates decrease optimal STW Benefits

Assume risk neutrality and that the STW benefits are set optimally according to
Proposition 2. Then, the welfare costs of the Ul system and, thus, the STW benefits
increase if the job-finding rate decreases:

0 Tyt

of
PROOF: Appendix 1.K

The connection to the duration of the unemployment spell is particularly
relevant for understanding how STW should optimally react to the business
cycle. Section 4 demonstrates that recessions in the data are characterized by
significant declines in the job-finding rate. In other words, unemployment spells
significantly lengthen during recessions. These extended unemployment periods
render separations costly from the perspective of the social planner, as workers do
not contribute to production for an extended duration. However, workers do not
fully internalize the additional social costs of separations, as they can stay on the
Ul system for longer. Consequently, recessions lead to an increase in inefficient
separations. Optimal STW benefits must be raised to counteract this effect. This
concept is formalized in Corollary 2.

Part B of the formula addresses Burdett and Wright (1989)’s objection that STW
distorts working hours. The planner recognizes that the use of STW is costly
as it downward distorts the hours choice in the economy. Consequently, the
planner faces a trade-off between preventing socially undesirable separations
and minimizing the distortions introduced by the STW system. To minimize
distortions, STW benefits are reduced by the welfare costs of the hours distortion
that an additional STW-supported rescue would impose.
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Definition 3, Welfare Costs of Rescuing Worker with optimal STW
The welfare costs of rescuing a worker with STW are defined as:

20
MWL, n-go-

Tstw

s MMS

L

Jde
Totw n-gle) - 77—

Here MWL denotes the total welfare loss from marginally increasing STW benefits
and MML._ denotes the total number of additional matches saved by marginally
loosening STW benefits.

The welfare costs of rescuing an additional worker with STW, Lg, depend
on two factors. First, the total marginal welfare loss from increasing STW
benefits, MWL , which primarily depends on the size of the STW system and
the number of workers it supports. Raising STW benefits distorts not only the
working hours of newly rescued workers but also those already in the system.
Consequently, rescuing a worker with STW is more costly in a larger STW system.
Second, the cost depends on how many additional matches a marginal increase
in STW benefits can rescue, MMS_ . If STW is effective in saving many matches,
the distortion per rescued match is low. However, if only a few matches can
be saved, the social planner is discouraged from using STW to avoid excessive
distortions. In the calibrated model, the welfare cost penalty is substantial, with
STW reducing net transfers by approximately 30%.

An interesting effect related to the welfare costs of rescuing an additional worker
with STW arises in the case of zero-STW (i.e., no work on STW). In this scenario,
the additional distortions from STW benefits are minimal (% —0). As a
result, the net transfer closely resembles the benefits provided without any hours
distortion effects Ly = 0.

Corollary 3, Looser Eligibility decreases optimal STW Benefits

Assume risk neutrality and that the eligibility condition D is exogenous such that
€y = &. Otherwise, STW benefits are chosen according to Proposition 2. Then, a
looser eligibility condition increases the welfare cost penalty of STW on the optimal
net-transfer and, ceteris paribus, reduces the optimal STW benefits.

O Ty

<0
aD

PROOF: Appendix 1.K
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Corollary 3 clarifies the relationship between the eligibility condition and
optimal STW benefits. It states that looser eligibility reduces the optimal level
of STW benefits. This is because a looser eligibility condition distributes the
distortionary effects of STW across a larger fraction of firms, increasing the
welfare cost penalty aff% > 0. The result has two important implications.
First, it shows that we want to keep the eligibility condition strict to keep the
distortionary effects low. Second, since the fraction of workers on STW typically
rises during recessions, the STW penalty increases, potentially weakening STW’s
ability to stabilize the business cycle.

Part C addresses the issue that, under risk aversion in a Nash bargaining frame-
work, salaries cannot be fully adjusted downwards. This becomes important as
STW shifts contracts towards less unemployment risks but also lower salaries.
Firms rely on salary cuts because the STW subsidy provides no net benefit due
to the taxes required to fund it, while retaining unproductive workers remains
costly. Then, the incomplete reduction of salaries dampens vacancy postings and
amplifies separation incentives. The Ramsey planner accounts for these unwanted
side effect by adjusting STW benefits downwards. Appendix 1.B offers a detailed
discussion of the formula.

But why is it difficult to adjust salaries downwards? Under risk aversion, a key
value of employment for workers is the protection it offers from falling back on
UI benefits, where marginal utility of consumption is high. The larger the gap
between the consumption equivalents provided by the firm and UI compensation,
the greater the cost to the worker of falling back on the UI system and the larger
the value of being employed. Equation 1.2.3 shows that firms exploit this effect
during salary negotiations to reduce salaries. However, this fact also makes it
difficult to cut salaries when external conditions demand it. When salaries are
adjusted downward, the worker’s match surplus declines more than proportionally
because the value of being shielded from unemployment diminishes.

In the calibrated model, the effect reduces net-transfer by roughly 8% to get
a sense of the size of the effect. The size itself depends on the degree of risk
aversion and the difference between the consumption equivalent and UI benefits.

Corollary 4, STW has no direct Insurance Role
Suppose that b =0 and the Hosios condition is met 1) = y. Then, STW benefits are
zero. This implies that STW itself is not used to provide direct income insurance.

PROOF: Appendix 1.K
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One surprising effect of the analysis is that STW itself does not provide
any direct income insurance. The sole reason for STW to exist is to counter
the fiscal externality of the Ul system. Thereby, STW indeed takes the role of
an optimal layoff tax in the sense of Blanchard and Tirole (2008) and Cahuc
and Zylberberg (2008). We can see this more clearly by setting unemployment
benefits to zero and imposing the Hosios condition. In this case, optimal STW
benefits are equal to zero. STW itself provides no direct income insurance as
firms write a contract that insures workers against any idiosyncratic productivity
shocks on the firm. Appendix 1.D derives the optimal layoff tax within the model
and shows its similarity to the STW system.

Optimal Eligibility Condition. Proposition 2 highlights a significant drawback
of STW: it distorts working hours. The eligibility condition shows how to manage
the distortions in working hours.

The primary goal of STW is to provide support to firm-worker matches that would
otherwise dissolve. This could be done with a simple subsidy scheme. However,
a key challenge for governments with regular subsidy programs is the difficulty
of identifying firms that truly need assistance. Therefore, the government would
need to know their productivity, which is hard to observe in practice. STW
addresses this issue by using reductions in working hours as a screening tool to
reveal a firm’s productivity level. The more unproductive a firm is at its current
level, the more inclined it will be to reduce working hours. This allows the
government to check productivity with the minimum hours reduction requirement
as eligibility condition.!?

To determine the optimal eligibility condition, we must therefore consider which
productivity level the Ramsey planner wants to set as the threshold, denoted by
€stw,» and adjust the minimum hours reduction threshold D, accordingly. The logic
behind the eligibility condition is to minimize the number of firms and workers
accessing STW to keep distortions in working hours low. Proposition 3 states that
this is achieved when the STW threshold equals the separation threshold of firms
and workers without STW (e, = &, equation 1.3.1).

11. For a detailed discussion of this screening mechanism from a mechanism design per-
spective and its trade-off with working hours distortions, see Teichgriber, Zuzek, and Hensel
(2022).
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Proposition 3, Optimal Eligibility Condition in Steady State

Consider the economy as previously described and assume that it has converged to its
non-stochastic steady state. Then, the optimal eligibility condition D = hy,,(€,) IS
implicitly defined by the separation threshold of a firm without STW (e, = &).

S(esun) = ¥(€stwshEn)) — v (hle)) +F + = g =0 a3y

v
Joint Surplus without STW is zero

as long as the welfare costs of a looser eligibility condition are positive:

afee e
n 012 +LV-(— f ~u)+L§~(n-g(es)~ S ) >0 (1.3.2)

0 €gy 0 €g 0 €g

v
More hours distortion Less hiring More Separations

PROOF: Appendix 1.1

To better understand why we should set the eligibility condition equal to
the separation threshold of firms and workers without access to STW (e, = &),
we must examine the consequences of choosing a too loose (e, > &) or too strict
(€Espw < &) STW threshold.

Let us begin with the case of a too strict eligibility condition (e, < &). In this
case, there exist unproductive matches that are allowed onto the STW system
while more productive matches are not, causing the latter to dissolve. Rescuing
less productive matches while allowing more productive matches to dissolve
would clearly be inefficient. To avoid such inefficiencies, the STW threshold needs
to be set at least as loose as the separation threshold without STW (e, = &).

The costs of choosing the eligibility condition too loose €, > & are described
in equation 1.3.2. The main costs to consider are the additional welfare costs
associated with the STW system (% > 0). The hours distortion effect spreads
among more firms without saving additional workers. Furthermore, a looser

e . . afee . L .
eligibility condition reduces hiring (— 3 ef -u) and increases separation incentives
stw

8
s

(n -g(ey) - g :S ;) through distortion of working hours. STW combats the additional
inefficient separations by raising STW benefits. Remember that Ly denotes the
welfare costs of rescuing one additional worker with STW.

At first sight, easier access to the STW system should increase the surplus of
firms and workers. However, the effect is nullified by an equivalent increase in
the income tax. Even worse, the spread of the hours distortion effect reduces the
expected output of firms, leading to a fall in the joint surplus. Hence, it must be

optimal to set the eligibility condition at least as strict as the separation threshold
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of firms and workers without STW (e, < &). This property is later referred to
as the "no-windfall effect" condition.

Equation 1.3.2 also describes the sufficient condition for the eligibility condition.
For n =y, the condition is unambiguously positive and fulfilled. However, even
if n <, it is hard to imagine that the condition would not be fulfilled. It would
mean that firms post so many vacancies that it would be optimal to sacrifice
output to reduce the profits of firms and thus decrease vacancy postings. Using
STW in that case seems unreasonable.

Combining both statements, we can conclude that if the eligibility condition is
too strict, the planner will be unable to save some firms worth saving. If it is too
loose, it will exacerbate the distortionary effects of STW. Therefore, it is optimal
to set the separation threshold of firms and workers without access to STW equal
to the STW threshold, denoted as €, = &. In the end, only matches that would
dissolve otherwise should be allowed on the STW system.

In contrast to the optimal STW benefits, it is not directly obvious from the
expression of the optimal eligibility condition how the eligibility condition
interacts with the unemployment insurance system and the STW benefits. Its
connection is highlighted in Corollary 5:

Corollary 5, Relationship Eligibility Condition to UI and STW benefits
Suppose that the sufficient condition for the eligibility condition holds and that
S'(€gy) > 0. Then, ceteris paribus, the optimal eligibility condition becomes looser
when UI benefits increase:

Dy

ab
Further assume that the government wants to implement the eligibility threshold €.

Then the government has to react with a stricter eligibility to implement larger STW
benefits.

oD

<0
0T

PROOF: Appendix 1.K

When Ul benefits increase, the optimal eligibility condition has to be loos-
ened. Any increase in Ul benefits raises the worker’s outside option, leading to
higher separation rates in firms without access to STW. If the eligibility condition
isn’t adjusted, these matches are destroyed even though they could have been
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saved with STW. To prevent unnecessary separations, the eligibility condition
must be loosened. The expression becomes important when considering the
interaction of optimal UI benefits with the STW system.!2

Any increase in STW benefits will necessitate tightening the optimal eligibility
condition. Any rise in STW benefits encourages firms to reduce working hours
to qualify for STW and enter the system. To prevent matches that could survive
without STW from accessing the program, the eligibility condition must be made
stricter. This ensures that only the firms truly in need of support receive it,
minimizing working hours distortions. The channel becomes important when
considering how to react to the adjustment of STW benefits over the business
cycle.

Corollary 6, STW saves fiscal costs
Suppose 3 =1 and m = y. Then, ceteris paribus, combining the UI system with an
optimal STW system is less fiscally expensive than having a UI system only.

PROOF: Appendix 1.K

Corollary 6 claims that ceteris paribus, combining the UI system with an

optimal STW system is less fiscally expensive than having a Ul system only.

stw
J

hypothetical optimal STW system and T? the taxes needed with a Ul system only.
Inserting the optimal eligibility condition and the optimal STW benefits into the
budget constraint gives:

To see this, let 75" denote the taxes needed to support a UI system with a

T < Gle) T b+ (GE)—Gle)) (T-b—02—BE) < GE)-T-b =1

Note that G(&) denotes the probability of separations without access to an STW
system, and G(e,) represents the probability with access. The STW system low-
ers income taxes for two reasons. First, the optimal eligibility threshold e, = &
ensures that only firms facing layoffs can enter the STW system. Thus, the govern-
ment supports, ceteris paribus, the same fraction of workers under both a Ul-only
system and a UI system with optimal STW system. The difference is that the costs
of keeping a worker on the STW system are lower than on the UI system, as the

12. As necessary condition, S'(ey,,) > O states that the joint surplus of a match at the eligi-
bility condition must increase. Theoretically, a loosening of the eligibility condition can increase
the distortionary effects of the STW system and decrease the continuation value of the match.
However, quantitatively, this is very unlikely to exceed the direct effect of higher productivity on
the joint surplus.
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welfare cost penalty of STW and the bargaining effect reduce optimal STW ben-
efits below the fiscal costs of separations. Consequently, it is fiscally cheaper to
retain workers through an optimal STW system than to allow them to enter the
UI system.

Optimal UI benefits. Finally, we need to characterize optimal UI benefits, taking
into account their impact on the optimal STW benefits. Proposition 4 offers an
expression.

Unaltered, the Ramsey planner faces a trade-off between providing additional
income insurance for workers and the economic distortions introduced by higher
UI benefits. The negative impact of UI benefits on vacancy posting has not
changed.

Compared to the case with a given STW system, the interpretation shifts slightly.
An increase in Ul benefits still inefficiently raises separations and is captured
by (n -g(ey) - aalge). However, under an optimal STW policy, the government can
offset this by rescuing matches through raising STW benefits. This approach is
costly, as increasing STW benefits also amplifies the system’s distortionary effects.
These costs are captured by LY, which represents both the expense of rescuing an
additional worker with STW and the social value of the marginal match.® Since
L% is positive, the social planner chooses not to prevent all inefficient separations.

Proposition 4, Optimal UI with optimal STW in Steady State
Suppose the economy is in its non-stochastic steady state and the STW system is set
optimally. Then, the optimal UI benefits can be determined by

u'(b) —u' (™)
u’(cv)

~
Provide Income Insurance

of8e oest o€t
= LV . (_ f . u) +L; . (n . g(es) . i)-i_LE'TW . (n . g(estw) . &)

1-n)-

ab ob ab
P v Vv
Less Hiring More Separations More Workers on STW

PROOF: Appendix 1.K

13. The costs of rescuing a worker with STW must be equivalent to the social value of the
marginal match as the Ramsey planner will want to rescue workers on STW until the additional
social benefit of rescuing them is equivalent to the additional social costs of the STW system.
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Finally, the government must account for its impact on the optimal eligibil-
ity condition. When UI benefits rise, firms without access to STW will separate
at higher productivity levels. In response, the government loosens the eligibility
condition, increasing the share of workers in the STW system. The resulting
welfare costs per additional worker are captured by Ly, and are expressed in
definition 4:

Definition 4, Welfare Costs of Adding a Worker to STW
The welfare costs of adding a worker to the STW system by loosening the eligibility
condition can be defined as follows:

MWL~ 12

L = =
STW.— MMS,_ n - g(€sw)

Here MWL, denotes the total welfare loss from marginally loosening the eligibility
threshold and MMS, denotes the total number of additional matches on STW by
marginally loosening the eligibility threshold.

The welfare costs of a looser eligibility condition per additional worker on
STW, L., depend on two factors. First, MWL represents the total welfare loss
from a marginal loosening of the STW threshold. A more generous STW system
results in greater welfare losses from relaxing eligibility. This loss is divided by
MMS, , the number of additional workers entering the STW system when the

eligibility threshold is loosened.

1.4 Calibration and Solution Procedure

This section calibrates the model to the US economy, using a period length of
one month. For the business cycle analysis, I allow only the STW system to adjust,
while keeping the unemployment insurance (UI) system exogenously set. The base-
line model used here incorporates wage rigidity and an exogenously determined
Ul system but excludes any STW mechanism. The choice of US data is particularly
advantageous because, historically, the US has not implemented a nationwide STW
system, thereby ensuring that the data is unaffected by such a system’s influence.
This allows for a clearer analysis of the model’s implications.

Data used for Calibration. I calibrate the model to data from 1952:1 to
2020:1. The unemployment rate is taken from the U.S. Bureau of Labor Statistics.
Following Shimer (2005), the job-finding rate and separation rate are calculated
using data on the absolute number of unemployed u®, newly unemployed
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14 y* and employed e® workers from the U.S. Bureau of Labor Statistics:
uﬂ

— 1 _ t+1_ui+1 — u§+1
fe=1 u T e (-3 ) .
index from Barnichon (2010). Average weekly hours h,/4 = E[h,(€)|e > €;,]/4
and average labor productivity p, = E[y,(€)|e > €, ] are retrieved for the non-farm

business sector from the U.S. Bureau of Labor Statistics.

For vacancies, I use the composite help-wanted

The business cycle properties are reported in Table 1.4.1. Following Shimer
(2005), the table reports log-deviations from an HP-trend with smoothing param-
eter 10°. The properties of the business cycle data are well known. Vacancies,
unemployment, and labor market tightness are very volatile. The job-finding rate
and the average hours worked are pro-cyclical, while separations are counter-
cyclical. Separations are less volatile than the job-finding rate.

Table 1.4.1. Business Cycle Properties US Data

v f p u 6 h p

Standard Deviation 20.13 14.31 8.2 20.49 39.67 0.81 191
Autocorrelation 0.95 0.95 0.77 0.95 0.96 0.92 0.9
\ 1 0.85 -0.55 -0.92 0.98 0.55 0.19

f - 1 -0.29 -0.93 0.91 0.38 0.09

p - - 1 0.6 -0.59 -0.63 -0.4

Correlation u - - - 1 -0.98 -0.55 -0.23
6 - - - - 1 0.57 0.22

h - - - - - 1 0.46

p - - - - - - 1

Notes: The table lists the second moments of the data. u, v, f, h and G(g,) are expressed as quarterly
averages of monthly series. p is the seasonally adjusted average labor productivity in the non-
farm business sector. All variables are reported as log-deviations from an HP trend with smoothing
parameter 10°.

Calibrated Parameters. Table 1.4.3 summarizes the chosen parameter values,
and Table 1.4.4 the respective business cycle properties of the model.

Following Jung and Kuester (2015), I set the discount factor to 3 =0.996. As
target steady states, I choose the monthly steady state job-finding rate of f = 0.41
and separation rate p = 0.03 from the data. To implement the job-finding rate,
I set vacancy posting costs to k, = 0.209. To implement the separation rate, the
strength of the resource cost shock is set to ¢, = 14.214. The matching efficiency
parameter m = 0.383 is determined by targeting a monthly vacancy filling rate
of ¢ =0.338. This is the monthly equivalent of the quarterly job-filling rate of

14. Unemployed for less than 5 weeks
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0.71 reported in Haan, Ramey, and Watson (2000). I set the bargaining power
of the worker to  =0.65, which is, according to Petrongolo and Pissarides
(2001), within the reasonable set of parameter estimates. In order to ensure
that inefficiencies in the steady state are only driven by the UI system, the
Hosios-Condition (see Hosios, 1990) is implemented by setting the elasticity of
the matching function with respect to unemployment equal to the bargaining
power of the firm: y = 7. The unemployment benefits are set to b = 0.45, which
ensures a replacement rate of 45% of the wage, which is the empirical value
reported by Engen and Gruber (2001).

Table 1.4.2. Parameters

Parameter Description Value
Preferences

B Discount rate 0.996

0] Inverse Frisch-elasticity 1.5

¢ Coefficient relative risk aversion 2
Vacancies, Matching, Bargaining

Rk, Vacancy posting costs 0.209

m Matching parameter 0.383

Y Elasticity matching function w.rt. unemployment 0.65

n Bargaining power worker in steady state 0.65

Yu Degree of cyclicality of bargaining power of worker 15.779
Production and Separations

a Labor elasticity production function 0.65

Hg Mean aggregate productivity 1.0

o, - 100 s.d. aggregate productivity 0.25

Pa Autocorr. productivity shock 0.985

u Stears mean of lognormal distribution 0.094

o Stears steering variance of lognormal distribution 0.12

¢t Strength resource cost shock 14.214

F Separation costs 1.441
Labor Market Policy

b Ul benefits 0.45

h "Normal" hours worked 0.839

Table 1.4.3. Parameters

The parameter h represents the mean hours worked in a firm and is set to its
steady state value in the baseline economy: h = 0.839. Similar to Christoffel and

Linzert (2010), I set the labor elasticity of the production function to a = 0.65.
1
The disutility of work has the common functional form of v(h) = %, Y > 0.

1—¢

The utility function is assumed to be CRRA u(¢,) = CHT with constant relative
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risk aversion parameter ¢ = 2. Following Domeij and Floden (2006), I set the
Frish-elasticity to 0.66, which implies 1) = 1.5. As Krause and Lubik (2007), I set
the parameter for the variance of the log-normal distribution of the idiosyncratic
shock to o = 0.12. In order to normalize the wage to 1, the parameter that steers
the mean of the log-normal distribution is set to y = 0.094.

In order to reach a standard deviation (s.d.) of 0.02 of labor productivity over the
business cycle, I set the standard deviation of the aggregate productivity shock to
o, = 0.0025 and follow Jung and Kuester (2015) in setting the autocorrelation to
Pq = 0.985. To match the standard deviation of the job-finding rate of 0.0143, I
set the degree of cyclicality of bargaining power of the firm to y,, = 15.5. Further,
I target a standard deviation of the separation rate of 0.0082, by setting the
separation costs to F = 1.441.15

Table 1.4.4. Business Cycle Properties Baseline Model

v f p u 6 h p
Standard Deviation 19.94 14.31 8.2 21.37 40.88 0.76 1.91
Autocorrelation 0.95 0.97 0.97 0.98 0.97 0.97 0.97
v 1 1 -0.99 -0.98 1 1
f - -1 -1 1 1
p - - 1 1 -1 -1 -1
Correlation u - - - -1 -1 -1
6 - - - - 1 1
h - - - - - 1
p - - - - - -

Notes: The table reports the second moments of the model. As in the data of Shimer (2005), all
variables are quarterly averages of monthly series and reported as log-deviations. p denotes the
average output per person, that is p = Ely,()le > €,].

Compare the business cycle facts from the baseline economy from table 1.4.4
to the US business cycle facts in table 1.4.1. With the calibration chosen above,
we can closely replicate the business cycle properties from the data. Note that
a large chunk of the fluctuations is driven by our assumption of the procyclical
bargaining power of the firms. Therefore, a lot of these fluctuations must be
inefficient, which gives room for the policymaker to intervene.

15. This is consistent with the value used in Silva and Toledo (2009) for the US economy as
severance payments plus the wasteful separation costs account for roughly 8 weeks of the annual
salary of a worker. Silva and Toledo (2009), respectivley Ahr and Ahr (2000) report that turnover
costs vary between 25% and 200% of the annual salary. In this model, turnover costs would be
at the lower end, with roughly 25% accounting for recruitment and wasteful separation costs as
well as severance payments.
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To solve the model, I rely on first-order perturbation using the code of Schmitt-
Grohe and Uribe (2004) based on the symbolic toolbox of Matlab.

1.5 Optimal STW Policy in Recessions - Current Ul

In the following sections, I will explore two possible scenarios for the implementa-
tion of STW policy. This section will examine how STW reacts within an economy
under the current calibrated UI insurance system. The analysis will shed light
on how optimal STW policy would function when introduced into the present eco-
nomic system. In the subsequent section, I will analyze the implications of optimal
STW policy when paired with an optimal UI system in steady state. The section
discusses only the results for the recession. A table with the steady state value can
be found in Appendix 1.E.

1.5.1 Inefficiencies in the Business Cycle

The business cycle is driven by real productivity shocks. Figure 1.5.1 shows the
response of the planner economy, an economy with a Ul system, and an economy
with both a Ul system and rigid salaries to a 1% negative aggregate productivity
shock. We refer to the economy with UI system and rigid salaries as the baseline
economy. Comparing the baseline economy and the economy with the UI system
only to the planner allocation will give us a sense of the business cycle’s inefficien-
cies.

Generally speaking, a reduction in aggregate productivity due to a negative produc-
tivity shock reduces the joint surplus of firm-worker matches. As a result, firms
will be less willing to pay the vacancy posting costs. The number of vacancies
and the job-finding rate fall. Furthermore, the reduced productivity implies that
a larger fraction of firms and workers generate a negative surplus, leading to a
larger separation rate. A reduction in the job-finding rate combined with an in-
crease in the separation rate drives down employment. Output and consumption
fall mainly due to the reduction of aggregate productivity.

Note that these fluctuations can be efficient to some extent (see Figure 1.5.1, blue
line). The social planner would also increase separations to get rid of unproduc-
tive matches (cleansing effect) or reduce vacancy posting efforts if new workers
add less to the output.

However, these fluctuations are inefficiently amplified by the existence of the Ul
system and rigid salaries.

The fall in the job-finding rate increases the distortionary effects of the UI system
(see Corollary 2). Workers need more time to find a new job, which drives down
the workers’ outside option. The UI system can partially offset the effect, since
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Figure 1.5.1. Inefficiencies in the Business Cycle
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Notes: The figure shows impulse response functions for a 1% negative productivity shock.
The black line shows the response of the baseline economy, that is, the economy with the
distortionary effects of the Ul system and rigid salaries as inefficiencies, but without STW
system. The black dashed line shows the reaction of an economy without rigid salaries but
with the distortionary effects of the Ul system. The blue dashed line shows the response
of the planner economy.

increasing the worker’s unemployment spell also means prolonged payments from
the Ul system. This keeps the outside option of the workers and thus wages up,
shrinks job postings, and inflates separations (see Figure 1.5.1, black vs. black
dashed line). Furthermore, increased unemployment drives up the fiscal costs of
the UlI, forcing the government to increase taxes, amplifying the effect.

Rigid salaries further exacerbate inefficiencies in the business cycle (see Figure
1.5.1, black vs. dashed black line). In a recession, rigid salaries lead to a deviation
from the Hosios-condition. Firms’ share of the joint surplus falls, which makes
them cut vacancies to save on vacancy posting costs. As a result, the job-finding
rate plummets, leading to a large increase in undesirable unemployment and an
aggravation of the distortionary effects of the UI system.

1.5.2 Optimal STW Policy

The Ramsey planner has three key objectives. First, he aims to minimize the effi-
ciency costs of the business cycle, ensuring that the consumption response aligns
as closely as possible with that of the social planner. Second, the Ramsey planner
wants to smooth the consumption of households in the economy, which can be
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Figure 1.5.2. Optimal STW Policy - Instruments
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Notes: The figure shows the response of the economy with optimal STW system (red line)
to a 1% negative productivity shock, and compares it to the baseline economy (black line).

achieved through two channels: the intensive margin, via Ul benefits, and the
extensive margin, by reducing unemployment itself.

(1—n)-u®)+n-u@ (1.5.1)

Firms provide income insurance to workers as long as they are employed. Since
the Ramsey planner can only control the STW system in the business cycle to
provide equity, he aims to stabilize employment beyond sole efficiency consider-
ations. Finally, the Ramsey planner aims to keep working hours as close to the
social planner’s optimal level as possible, ensuring that disutility of work is used
efficiently in production. It is important to note that STW is the only reason why
working hours can deviate from the socially optimal ones. In the following, we
can judge the effectiveness of STW in stabilizing the business cycle by looking
at the responses of average hours worked, employment, and consumption in the
economy.

Figures 1.5.2 and 1.5.3 show the optimal response of the STW system and the
economy to a negative 1% productivity shock. A striking result is that STW can-
not stabilize the job-finding rate, despite the fact that the job-finding rate deviates
significantly from its optimal level. This outcome is primarily due to the budget
balance assumption and aligns with Proposition 1. Firms do not know at the be-
ginning of the period whether they will receive STW benefits or be required to
contribute to the system. This uncertainty nullifies any positive impact that a rise
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Figure 1.5.3. Optimal STW Policy - Allocation
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Notes: The figure shows the optimal response of the STW system (red line) to a 1% negative
productivity shock and compares it to the baseline economy (black line) and the social
planner (blue dashed line).

of STW benefits might have on vacancy postings.

The inability to stabilize the job-finding rate in recessions might seem surprising,
particularly given that studies like Balleer et al. (2016) view STW as a tool that
could potentially stabilize the job-finding rate. But the result is robust beyond
the balanced budget assumption. Even if the Ramsey planner had the ability to
adjust STW to influence the job-finding rate, he would not do so because the dis-
tortionary effects on working hours would outweigh any potential benefits. For a
detailed discussion, look at Appendix 1.C.

Since STW cannot prevent the decline in the job-finding rate, it becomes increas-
ingly difficult for workers to find new employment during recessions. As unem-
ployment spells lengthen, the social costs of separations rise. In response, the
Ramsey planner increases STW benefits, as suggested in Corollary 2, mirroring
actual STW policy. This adjustment reduces separation rates. In fact, the Ramsey
planner even lets separations fall during recessions to counterbalance the sharp
drop in the job-finding rate, which would otherwise have a severe impact on em-

ployment.16

16. These results correspond surprisingly well to what actually happened in the Covid-19
crisis in Germany. Germany significantly increased the generosity of its STW system during the
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In contrast to commonly applied STW policies, the eligibility condition does not
need to be loosened during a recession; in fact, it needs to be tightened (see
Figure 1.5.2). The increase in STW benefits incentivizes firms to reduce working
hours, making more of them eligible for the system. To prevent these newly el-
igible firms from entering STW and profiting from windfall gains, the eligibility
condition must be tightened, as outlined in Corollary 5. This ensures that only
firms in genuine need of support benefit from the system.

Nonetheless, stabilizing the economy through oversteering the separation rate, in-
creasing STW benefits, and expanding the fraction of workers on STW comes
with two costs. First, by keeping unproductive workers employed, STW hinders
the cleansing effect of recessions and leads to a further decline in average firm
productivity. Second, larger STW benefits and a higher fraction of workers on
STW amplify the distortionary effects of the system, destabilizing average hours
worked. These factors explain why the optimal STW policy does not stabilize out-
put as shown in Figure 1.5.3.

Fortunately, the impact on consumption is closer to the planner economy. By hoard-
ing labor, STW reduces the need for reallocation of workers via the labor market,
resulting in lower costs associated with firing and recruiting workers. Almost 30%
of inefficient fluctuations in consumption can be eliminated by STW, despite dis-
torting working hours.

One important note for policymakers is that using STW optimally over the busi-
ness cycle is fiscally not more expensive than a system without STW (see figure
1.5.2). Since STW keeps employment stable, it prevents workers from entering
the UI system, keeping its costs down in recessions. After the recession, the STW
system should revert to its baseline values.

In conclusion, STW can be used to stabilize employment and consumption, but not
output in recessions. However, its inability to influence the job-finding rate and
its destabilization of average hours worked prevent it from reaching the planner
allocation.

1.5.3 Welfare Costs of STW and Optimal STW Policy Adjustment

Proposition 2 states that the optimal STW benefits depend on two main effects.
First, the reason for STW to exist is to offset the distortionary effects of the Ul
system on separations. The last section discussed its implications for the business
cycle extensively. The second part of the formula looks at how the distortionary
effects of the STW system influence the optimal provision of benefits. This section

pandemic. Weber and Rottger (2022) find that the separation rate fell even below the level before
the crisis. Furthermore, new hires decreased.
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investigates its impact on the business cycle. Figures 1.5.4 and 1.5.5 compare the
response of the optimal STW system to a hypothetical subsidy system that pays
benefits exactly when STW does, but without distorting working hours. This will
give us a measure of how important working hours distortions are for the stabiliza-
tion of the business cycle. Note that such a subsidy system is not implementable in
practice as it would require knowledge of the productivity states in the economy.
The use of STW is to elicit productivity via connecting the subsidy to a reduction
of working hours, as exploited in Proposition 3.

Figure 1.5.4. Optimal STW Policy, Influence of Hours Distortion - Instruments
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Notes: The figure compares the optimal adjustment of the STW system (solid line) to
a hypothetical subsidy system without hours distortion (dashed line) to a 1% negative
productivity shock.

Corollary 3 suggests that the distortion of working hours — and thus the wel-
fare cost penalty of STW — must increase during a recession as the fraction of
workers on STW expands (see Figure 5). Figure 1.5.4 shows that the marginal
welfare costs of STW benefits 3iiit rise indeed significantly in a recession. As
more workers take advantage of the STW system during economic downturns,
any increase in the STW benefits affects a larger number of firms, which signif-
icantly raises the overall distortionary effects and costs of STW benefits. Faced
with higher marginal welfare costs of STW benefits, the planner responds by lim-
iting the increase in STW benefits during recessions. The red dashed line shows

how much the optimal transfer would increase if STW benefits did not have dis-

tortionary effects.

Consequently, the planner is unable to implement the optimal separation rate. Fig-
ure 1.5.5 shows that in the absence of distortions, the planner could reduce sepa-
rations by more than 10 percent, achieving the optimal employment level. This, in
turn, brings the consumption response close to the optimal level. However, full sta-
bilization of consumption remains unattainable, as stabilizing employment solely
by reducing separations leads to a decrease in the mean productivity of the econ-
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omy. In contrast, when distortions are present, the planner allows separations to
drop only by 3%, resulting in more pronounced fluctuations in employment. This,
coupled with greater fluctuations in working hours, limits the planner’s ability to
implement the optimal consumption response.

Figure 1.5.5. Optimal STW Policy, Influence of Hours Distortion - Allocation
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Notes: The figure shows the impulse response function of an economy with optimal STW
system (solid red line) to a hypothetical subsidy system without hours distortion (dashed
red line) for a 1% negative productivity shock. Further, it shows the response of the social
planner economy (blue dashed line) and the baseline economy (black line).

From this section, we can conclude that the distortion of working hours signif-
icantly reduces STW’s capacity to stabilize both employment and consumption
during recessions. In case of employment, it is responsible for almost all ineffi-
cient fluctuations, while in case of consumption, it is responsible for almost 80%,
while roughly 20% stems from a reduction in average productivity.

1.5.4 Importance of a dynamic STW system

The last sections have shown that optimal STW policy requires the eligibility con-
dition and STW benefits to be adjusted in the business cycle. Balleer et al. (2016)
argue that STW acts as an automatic stabilizer. The system can stabilize employ-
ment and consumption without the need to be adjusted. Therefore, the question
can be raised, how important a dynamic STW system is for business cycle stabi-
lization. To answer the question, I implement the optimal STW system in steady
state, but keep the eligibility condition and STW benefits constant in a recession.

Figure 1.5.6 shows the results.

Employment is still stabilized compared to the baseline economy. During reces-
sions, firms and workers opt to reduce working hours, allowing them to qualify
for additional STW benefits, which increases the net transfer to the least pro-
ductive matches. This mechanism mitigates the decline in the joint surplus of
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Figure 1.5.6. Fixed STW System
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Notes: The figure shows the impulse response function of an economy with fixed STW system
(dashed line, red) to the optimal STW system (red line) and the baseline economy (black
line) for a 1% negative productivity shock. The fixed STW system sets STW optimally in
steady state but does not let the system adjust over the business cycle.

matches, leading to fewer separations. !7 While employment is stabilized, it is
less effectively so than under optimal STW policy, as benefits cannot be increased
to reduce separations during downturns.

However, despite not adjusting STW benefits, average hours worked decline more
in the fixed STW system. This is due to the fact that the government does not
tighten the eligibility conditions. Firms and workers that could continue working
without STW opt to enter the system.!® These windfall effects intensify the dis-
tortionary impact of STW and show how important the optimal implementation
of the eligibility condition is. The combination of less stabilized employment and
greater fluctuation in average working hours undermines the STW program’s abil-
ity to stabilize consumption during recessions.

In conclusion, the analysis supports the findings of Balleer et al. (2016) that STW
automatically stabilizes employment. It does not find stabilization of consumption.
The main reason is that the eligibility condition of Balleer et al. (2016) does not
allow for windfall effects.

17. Note that this mechanism differs from that in Balleer et al. (2016). Their model features
an inflexible intensive margin. STW allows for a reduction in hours and, thus, the wage bill. In
recessions, firms can lower hours worked in response to a negative productivity shock. Thanks to
the STW system, they consolidate wage expenditures and stabilize separations.

18. After a negative productivity shock, the job-finding rate decreases, and workers’ unem-
ployment prospects worsen, making it more challenging to find new employment. Consequently,
workers are more inclined to stay with their current employer, working fewer hours for a reduced
salary. However, due to the reduced working hours, they become eligible for the STW system de-
spite not being in need of support, making their entrance into STW inefficient (see also Corollary
5).
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1.6 Optimal STW Policy in Recessions - Optimal Ul in SS

The previous section assumed a 45% replacement rate of the UI system, as in the
data. However, when calculating the optimal Ul system in the model, we see that
the optimal replacement rate is at roughly 34% as shown in Figure 1.6.1.

Figure 1.6.1. Consumption and Ul
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Notes: The figure shows the steady state consumption levels in response to different Ul
replacement rates when there is only a Ul system in place and when STW optimally reacts
to the Ul system.

Interestingly, the optimal replacement rate is close to maximizing the economy’s
consumption levels. High UI benefits traditionally result in excessive unemploy-
ment, reducing overall production. Surprisingly, very low Ul benefits can also lead
to reduced consumption.

The reasoning is as follows: when Ul benefits fall, unemployment becomes ex-
tremely costly for risk-averse workers. As a result, the value of maintaining em-
ployment rises for workers. In the Nash-Bargaining, workers prioritize job security,
opting for contracts with low unemployment risk but also lower salaries. Equation
1.2.3 shows that firms gain a significant premium when workers are poorly in-
sured against unemployment.

The issue is that unemployment can be productive in the economy. It allows work-
ers to leave unproductive firms and reallocate to more productive ones. When Ul
benefits are too low, workers tend to remain in unproductive firms, which drags
down overall productivity. If separation rates fall sufficiently, the drop in productiv-
ity can outweigh the benefits of higher employment, resulting in reduced output
and, consequently, lower consumption.

Further, Figure 1.6.1 shows that when UI benefits exceed their optimal level, the
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Figure 1.6.2. Optimal STW Policy with Optimal Ul in Steady State - Allocation
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Notes: The figure shows the optimal response of the STW system with optimal Ul in steady
state (red line) to a 1% negative productivity shock and compares it to the baseline
economy with corresponding Ul benefits in steady state (black line) and the social planner
economy (blue dashed line).

optimal STW policy reduces the number of inefficient separations from an effi-
ciency point of view, resulting in a slower decline in consumption. This allows for
a slightly higher optimal UI rate. However, this rate still remains close to the level
that maximizes consumption. This has significant consequences for the business

cycle.

Next to keeping working hours efficient, the planner has two primary objectives:
First, insure workers against income losses by reducing employment fluctuations,
and second, lower the efficiency costs of the business cycle by stabilizing consump-
tion. Figure 1.6.3 shows that when UI benefits are set optimally in steady state,
they barely contribute to inefficient consumption fluctuations over the business
cycle. The relatively low UI level implies that unproductive firms can persist in
steady state. Losing these firms during downturns is not particularly costly be-
cause their contribution to total production is minimal.

The costs of the UI system do not lie in higher unemployment levels that lead to
a loss of consumption, but in the more risky contracts that workers agree to with
firms and the subsequent loss of insurance. Remember, consumption smoothing
can either be done at the intensive margin via the UI benefits or at the extensive
margin by reducing unemployment (see equation 1.5.1).

Workers fail to recognize that the extra income from riskier contracts is offset by
higher taxes, which are needed to finance the increased cost of the UI system. By
subsidizing temporarily low productive matches, STW steps in to encourage firms
and workers to negotiate less risky contracts, reducing employment fluctuations
during recessions. Figure 1.6.3 shows that the optimal response of the STW sys-
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tem with the optimal steady state is very similar to the one with the too large
benefit.

Figure 1.6.3. Optimal STW Policy with Optimal Ul in Steady State - Instruments
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Notes: The figure shows the optimal response of the STW system with optimal Ul in steady
state (red line) to a 1% negative productivity shock

In conclusion, when the UI system is set close to its optimal level, the primary role
of STW is not to stabilize employment for the sake of consumption stabilization,
but rather to provide better income insurance via the extensive margin to workers,
helping them avoid overly risky labor contracts.

1.7 Discussion and Conclusion

In conclusion, the model presented in this paper demonstrates that STW can be
a valuable complement to the UI system. While the Ul system offers income in-
surance to workers, the STW system helps mitigate its distortionary effects. STW
itself does not provide direct income insurance, as firms insure workers against id-
iosyncratic productivity shocks while employed. In fact, eliminating the UI system
and implementing the Hosios condition removes any role for STW in the economy.
To reduce the distortionary impacts of the UI system during recessions, STW is
adjusted by offering more generous benefits and tightening the eligibility condi-
tion. When UI benefits are set too generously, this helps to stabilize separations,
employment, total working hours, and consumption. When UI benefits are set
optimally in steady state, business cycles do not show efficiency losses in produc-
tion. However, they still face problems to insure workers against unemployment.
While not offering insurance via the intensive margin, STW helps by stabilizing
employment to offer insurance and smooth consumption between households via
the extensive margin.

Despite its benefits, STW has two main shortcomings that prevent it from fully
implementing the planner’s solution. First, STW distorts working hours. When set-
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ting optimal STW benefits, the planner faces a trade-off between implementing
the optimal separation rate and minimizing the distortion of working hours. This
makes it crucial to adjust STW over the business cycle. If STW is not adjusted,
the distortion of working hours can exacerbate fluctuations, undermining STW’s
ability to stabilize total working hours.

Second, unlike alluded to in papers like Balleer et al. (2016), Giupponi and
Landais (2018), or Cahuc, Kramarz, and Nevoux (2021), STW cannot stabilize
the job-finding rate. If STW benefits are financed through a tax on salaries, any
increase in STW benefits will be offset by a corresponding increase in the tax
rate, nullifying the impact on the joint surplus of firms and workers. Even when
considering lump sum taxes, allowing STW to influence vacancy creation directly,
the planner would refrain from stabilizing the job-finding rate, as the additional
distortions to working hours would be too costly.

The paper suggests three avenues for further research. First, an intriguing result
from the theoretical section is that STW functions similarly to a layoff tax, in the
sense of Blanchard and Tirole (2008) and Cahuc and Zylberberg (2008). The key
difference, however, is that STW distorts working hours, making it less effective
than layoff taxes. Despite this, layoff taxes and STW are fundamentally different
instruments: STW is a subsidy, while layoff taxes are a penalty. In the model, their
similarity arises because firms are assumed to be never financially constrained,
enabling them to offer insurance to workers and pay layoff costs regardless of
circumstances. But what if firms do face financial constraints? In such a scenario,
STW might provide an insurance component for workers that layoff taxes cannot.
Additionally, paying penalties could become unfeasible for financially constrained
firms. A comparison of STW and layoff taxes under financial constraints would be
a valuable area of exploration. Chapter 3 deals with this topic.

Second, Cooper, Meyer, and Schott (2017) argue that a major drawback of STW
is its potential to reduce allocative efficiency by incentivizing workers to remain
in less productive occupations, thereby hindering their reallocation to more pro-
ductive firms. However, I find that STW can strike a balance between reducing
allocative inefficiency and minimizing the costs of reallocating workers through
the labor market, effectively leaving no room for allocative inefficiencies. This out-
come is based on the assumption that the shock duration is uniform for all workers.
But what happens if firms and workers experience shocks of varying durations?
Investigating how optimal STW policy would respond to such differences in shock
duration could provide new insights into how STW should deal with allocative
inefficiencies. Chapter 2 deals with this topic.

Finally, the question remains of whether the performance of STW could be en-
hanced by combining it with other labor market instruments. One significant limi-
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tation of STW is its inability to stabilize job-finding rates. It may be advantageous
to explore the potential benefits of combining STW with a vacancy subsidy.
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Appendix 1.A List of important variables and functions

Symbol Description

n; Mass of employed workers at beginning of period
u;=1-n; Mass of unemployed workers at beginning of period
v{ Mass of firm owners

Vi Mass of posted vacancies

6, = 1Z‘nt Labor market tightness

fi Job-finding rate

q: Vacancy-filling rate

P: Separation rate

St mass of separations

€t Separation threshold (on STW)

&t Separation threshold (no STW)

G(e), gle) CDF and PDF of idiosyncratic productivity shocks
a; Aggregate productivity

a Output elasticity (hours)

Y Inverse Frisch elasticity

D, Eligibility threshold for STW (on working hours)
Estwt Eligibility threshold for STW (on productivity)

Tstw t STW benefits per hour gap

b, Unemployment benefits

T Expected time a worker spends on the Ul system
T Lump-sum production tax

Table 1.A.1. Important Variables and Functions
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Symbol Description

m; mass of matched workers
v(h) Disutility of labor: Q%
u(c) Worker utility from consumption net of disutility

vi(g,h)  Output

vi(€) Shorthand for y(g, h(g))

Vstwi(€)  Output under STW hours

z,(e,h)  Output net of disutility (cons.-eq. units)
z,(€) Shorthand for z(g, h(g))

Zgw:(€)  Output net of disutility under STW hours

Q, Welfare Costs of STW ¢

he(e) Hours worked (non-STW)

hgw(€)  Hours worked under STW

ol Consumption equivalent worker
w,(h) Total Wage functions

Wey ¢ Severance payments

t Consumption firm owners

¢t Consumption unemployed workers
i, Profits

Q; Stochastic discount factor

vY(e) Worker value (no STW), after idiosyncratic productivity shock
Vet (€)  Worker value on STW, after idiosyncratic productivity shock

b A Expected worker value, before idiosyncratic productivity shock
U, Value of unemployment

Ji(e) Firm value (no STW), after idiosyncratic productivity shock
Jsw(€)  Firm value on STW, after idiosyncratic productivity shock

g2 Expected firm value, before idiosyncratic productivity shock
FE Fiscal Externality

BE Bargaining Effect

L, Social value of a new hire

Ly Social value of the marginal worker

Ly Social Value of marginal worker with optimal STW

L3, Social Value of marginal worker that enters STW with optimal STW
MMS. ~ Marginal number of matches preserved with STW

MWL, ~ Marginal welfare loss caused by STW benefits

MMS, ~ Marginal number of matches preserved with looser eligibility
MWL, =~ Marginal welfare loss caused by looser eligibility

Table 1.A.2. Important Variables and Functions
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Appendix 1.B The bargaining effect

As described in the main text, the bargaining effect illustrates how STW influences
vacancy posting and separation behavior of firms via the wage channel. Diminish-
ing returns to consumption make it harder for firms to reduce wages. However,
the introduction of STW necessitates wage reductions to offset firms’ losses during
downturns. These adjustments are imperfect, resulting in relatively high wages,
which, in turn, leads to fewer vacancies being posted and an increase in separa-
tions. Mathematically, this effect can be expressed as:

BE-Ag
BE — @) 1 —f(®) _ k,
B B-(14+1-BE)-2 _
with
(_u”(éw)) u@)—u(b)
BE — w @) IR - 1
T 1+ (—n)- (_u”(ew)) L u@)—u(b) 1—n
n TIED) ED)

Note that A4 is the Lagrange multiplier of the value of the firm, respectively, the
job-creation condition. It captures welfare losses by posting insufficient vacancies
and experiencing excessive separations. The imperfect reduction in wages leads
to more separations, not only in firms utilizing STW but also in those without
access to STW. To mitigate the additional loss of these matches, a looser eligibility
condition must be implemented, increasing the hours distortion effects of STW.

BE captures the effect of risk aversion. Under risk-aversion, BE must be positive as:

risk-aversion = —u"@) > 0

Note that the bargaining effect is zero under risk-neutrality:

Il
o

risk-neutrality = u'@) =0 = BE =0 = BE
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Appendix 1.C What if STW can directly influence Vacancy
Posting?

The paper identifies the inability to stabilize the job-finding rate as one of
the core problems of STW. In contrast, other authors such as Balleer, Gehrke,
Lechthaler, and Merkl (2016), Giupponi and Landais (2018), or Cahuc, Kramarz,
and Nevoux (2021) highlight the ability of STW to increase vacancy postings as
a strength of STW. The difference lies in the financing of the STW system. While
my model finances the STW system by income taxes, their models rely on lump
sum taxes or do not consider financing of STW at all. This makes a big difference:
any increase in the joint surplus of firms and workers from higher expected STW
benefits is in my model offset by a corresponding rise in the production tax,
making it impossible for the government to steer job-finding rates with STW.

Nonetheless, while the balanced budget assumption certainly is a good assumption
for the long run, it might not need to hold in the short run. In fact, governments
may choose to borrow in the short run to avoid raising taxes during recessions.
Therefore, an expansion of the STW system financed by a deficit might still help
stabilize the job-finding rates in recessions.

To explore this conjecture, I replace the production tax with a lump sum tax
on all households. For simplicity, I assume risk neutrality. Lump-sum taxes in a
model with risk-aversion suffer from distributional consequences that I do not
want to discuss here. Under risk neutrality, lump sum taxes do not influence
vacancy posting or separation decisions, allowing STW to directly influence
vacancy posting. By increasing the generosity of the STW system, the government
can now stimulate the expected joint surplus of firms and workers, encouraging
vacancy creation.

Lemma 2
Under lump-sum taxation, the social value of hiring an additional worker changes
to Ly,

I = n—r 4 B b
Yoo Q-m-0-m 1-B-0-GE) 01—
Congestion Externality Fiscal ExternalityEI on Hiring (FE")
B

B 1—B-(1—=G(e))-A—f) Je (h — hgpy (€)) - Tgpy - dG(€)

STW increases vacancy posting
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while Ly and Ly, stay the same.

PROOF: Appendix 1.L

This becomes clear analytically in Lemma 2, which derives the social value
of hiring an additional worker. A more generous STW system, whether through a
looser eligibility threshold or higher benefits, encourages vacancy posting, thereby
lowering the social value of hiring an additional worker. Under an optimal STW
policy, the social value of the marginal match, Lg, remains unchanged because
the social planner hires until the cost of an additional worker with STW equals
its welfare gain.

Proposition 5 outlines the optimal eligibility condition in an economy with a lump
sum tax. In determining this condition, the government faces a new trade-off,
as described in equation 1.C.2. On one side, a looser eligibility condition raises
the likelihood that a firm can use the STW program. This increases the expected
benefits from the system, enhancing the joint surplus of firms and workers, which
in turn raises job-finding rates and lowers separation rates. On the other side,
relaxing the eligibility condition also spreads the distortionary effects on working
hours across more firms, heightening the welfare costs associated with the STW
system.

Proposition 5, Optimal Eligibility Condition in Steady-State - Lump Sum Tax
Consider the economy described in section 2.1. and replace the production tax by a
[ump sum tax. Further, assume that the economy has converged to its non-stochastic
steady state. Then, the optimal eligibility condition D = hy,,(€,,,) is implicitly
defined by the separation threshold of a firm without STW

1—-n-f k
1-n ¢

v
Joint Surplus without STW is zero

S(esnw) = Y(€sw) —v(M(egn)) +F + =0 (1.C.1)

as long as the welfare costs of a looser eligibility outweigh its welfare gains:

an ge de¥
L, f ‘u+Ly - | —n-gle) - = (1.C.2)
0 Estw 0 €5t 0 Estw
Welfare Costs More jobs Less s;p;rations

Otherwise it is determined by setting the welfare gains of a looser eligibility condition
equal to its welfare costs.
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There are two possible outcomes. In the first, the welfare gains from post-
ing more vacancies by loosening the eligibility criteria outweigh the distortionary
effects of the STW system. Here, the optimal eligibility condition is achieved by
balancing the welfare gains of a looser eligibility condition against its welfare
losses. In the second outcome, the welfare costs from increased working-hour
distortions outweigh the benefits of additional vacancy posting. In this case, the
eligibility condition should be set as strictly as possible. The optimal eligibility
threshold in this case would match the separation threshold of a firm without
access to STW in this period (€4, = &;,). Determining which effect dominates
is a quantitative question.

Proposition 6 establishes the optimal STW benefits under lump sum taxes. In
contrast to the previous section, the Ramsey planner’s objective is to implement
the optimal expected net-transfer of the STW system, as indicated by equation
1.C.3. Potential future STW benefits are priced in the expected benefits. In the
absence of income taxes, the STW system not only operates by increasing the
period surplus, but also by raising the expected surplus of firms and workers.

Proposition 6, Optimal STW Subsidy in Steady State - Lump Sum Tax

Consider the economy described in section 2.1 and replace the production tax by a
lump sum tax. Further, assume that the economy has converged to its non-stochastic
steady state and the eligibility condition is set according to Proposition 5. Then,
the optimal STW subsidy T, is implicitly determined by the optimal expected

net .
net-transfer T :

Tl = 1 (A= h(€)) (1.C.3)
p-(1-1) .
1-p-(1-Gle))-A—H

J g, (A= hy,(e)) - dG(e)

net

toy 18 determined by:

The optimal expected net-transfer T
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et = (1—f)-FE (1.C.9)

stw
A: Influence Distortionary Effect Ul on Separations
>0
*
— LS

~—
B: Welfare Costs rescuing Worker with STW

>0
+ Gy

~—~—
C: Welfare Gain increasing joint Surplus with STW

The welfare Gain from increasing joint Surplus is defined as:

orfee ge
Gy = [L' f cu+Ly - (—n - gley) - o€ )

v 0 Ty O Ty

More jobs Fewer separations

e ( Eaen) aefﬁ“”)}/[( . 25 ]
| —n - gleg) - g(ey) -
STW " AT, 0T

v
Fewer workers on STW

PROOF: Appendix 1.L

The optimal expected net-transfer depends on three factors (see equation
1.C.4). Similar to Proposition 2, the expected net-tansfer should reduce the pay
of the firm by the financial burden the worker would impose on the UI system
(A) minus a penalty for the welfare costs of using the STW system (B). Different
to Proposition 2, larger STW benefits can now increase the expected value of
firms, stimulating vacancy posting and lessening separations even more. The
incentive of smaller separations also reduces the number of workers that need to
be rescued with STW. Therefore, the planner adjusts the STW benefits upwards
(C). The Ramsey planner weighs the benefits of reducing inefficient separations
and increasing suboptimal low vacancy posting efforts against distorting working
hours in the economy. Whether a larger transfer of STW benefits indeed helps to
stabilize the job-finding rate remains a quantitative question.

Propositions 5 and 6 highlight that STW indeed has the potential to stabilize job-
finding rates as suggested by Balleer et al. (2016), Giupponi and Landais (2018),
or Cahuc, Kramarz, and Nevoux (2021). Loosening the eligibility condition and
increasing STW benefits both increase the joint surplus of firms and workers and
thus incentivize vacancy posting. The prerequisite is that we do not have to worry
about financing the system, respectively, the budget balance assumption. However,
both propositions also stress that increasing vacancy posting incentives have
always been traded off against the additional distortions that STW introduces
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into the system.

Table 1.C.1. Parameters for Model with Lump-Sum Tax

Parameter Description Value Reason
p Target ss separation rate 0.03 Data
f Target ss job-finding rate 0.41 Data
q Target ss vacancy filling rate 0.338  Haan, Ramey, and Watson (2000)
B Discount rate 0.996  Jung and Kuester (2015)
W Inverse Frisch-elasticity 1.5 Domeij and Floden (2006)
y Elasticity matching function w.rt. 0.65 Shimer (2005)
unemployment
n Bargaining power worker 0.65 Implements Hosios condition
Yo Coeff. reaction bargaining power to 15.5 s.d. job-finding rate 14.31 in data
productivity shock
F Separation costs 1.01 s.d. separation rate of 8.2 in data
b Ul benefits 0.4 40% replacement rate of wage
a Labor elasticity in production 0.65 Christoffel and Linzert (2010)
h "Normal" hours worked 0.834  Mean hours in baseline
Pa Autocorr. productivity shock 0.985  Jung and Kuester (2015)
Hg Mean aggregate productivity 1.0 Normalization
g, - 100 s.d. aggregate productivity 0.259  s.d. labor prod. of 1.91 in data
i} Mean of lognormal productivity dis- 0.082  Normalizes wage to 1
tribution
o Variance of lognormal distribution 0.12 Krause and Lubik (2007)
m Matching parameter 0.383  Calculated by target ss
R, Vacancy posting costs 0.139  Calculated by target ss
s Strength of resource cost shock 10.441  Calculated by target ss

Table 1.C.2. Business Cycle Properties Baseline Model with Lump-Sum Tax

v f p u 6 h p

Standard Deviation 19.8 14.31 8.2 21.26 40.88 0.76 1.91

Autocorrelation 0.95 0.97 0.97 0.98 0.97 0.97 0.97
\ 1 1 -0.99 -0.98 1 1
f - -1 -1 1 1

p - - 1 1 -1 -1 -1

Correlation u - - - -1 -1 -1
] - - - - 1 1
h - - - - - 1

p - - - - - - 1

Notes: The table reports the second moments of the model. As in the data of Shimer (2005), all
variables are quarterly averages of monthly series and reported as log-deviations. p denotes the
average output per person, that is p = Ely,(e)le > €,,].
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To evaluate which effect dominates, I use the same calibration strategy as de-
scribed in section 4. However, due to the risk-neutrality assumption, I need to
re-calibrate the model. For brevity, Table 1.C.1 lists all calibrated parameters with

calibration strategy. Table 1.C.2 shows that the model closely replicates US busi-
ness cycle facts.

The calibration reveals that the distortionary effects of the STW system clearly
outweigh the benefits of additional vacancy posting. First of all, to evaluate how
to set the eligibility condition, we can look at its Lagrange multiplier. Is the La-
grange multiplier negative, then the distortionary effects of STW dominate, and
we want to set the eligibility condition as strict as possible:

afe des des;
_ / * S * Stw
Aswe = |Ly - P “u+Lg - [ —n - g(ey) - e +Lg - | —n - g(€gy) - e
stw stw stw
\W_/ I v
More jobs Less separations Less separations
on
J— n .
0 €y

Welfare Costs

afe
> L(/. aef .u+Lg. (_n.g(es) .
stw

aefe) N
—n

€y 0 €y

~
More jobs Less separations Welfare Costs

Figure 1.C.1 shows that the Lagrange multiplier is indeed negative. In fact, it
becomes even more negative in recessions. As benefits increase in recessions, it
makes adding workers to the system increasingly costly.

Figure 1.C.1. STW must be set as strict as possible

%107 AsTw g

Level

_8.5 1 1 1 1 1 1 1
10 20 30 40 50 60 70

Month

Notes: The Figure shows the impulse response functions of a 1% negative pro-

ductivity shock. It shows the reaction of the Lagrange multiplier for the eligibility
condition.
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Further, Figure 1.C.2 shows that it is too costly to increase STW benefits suffi-
ciently to stabilize the job-finding rate. In fact, the impulse response function of
the job-finding rate under a STW system with lump sum tax or distortionary taxa-
tion looks almost the same, despite the ability of the Ramsey Planner to stimulate

vacancy postings with STW.

We can conclude that even when the Ramsey planner has the ability to directly
influence vacancy postings with STW, he refrains from stabilizing the job-finding
rate as the distortionary effects of the STW system are too costly.

Figure 1.C.2. Optimal STW Policy, Lump Sum vs Distortionary Taxation

Job-Finding Rate 5 Separation Rate

[} O [}
] ]
5 5 ©
: ° 2
ko] k] -5
X X

-10 -10

20 40 60 20 40 60
Month Month
Eligibility Condition (Dt) STW Benefits

» 0 n 8
(2] "
5 5 5
5 5!
o -10 S,
X X

-15 0

20 40 60 20 40 60
Month Month

|—Lump Sum — Distortionary Taxation|

Notes: The Figure shows the impulse response functions of a 1% negative productivity
shock. It compares the response of the economy with optimal STW policy, financed by a
lump sum income tax (red line) against a lump sum tax on households (black line).

Appendix 1.0 Optimal Layoff Tax vs Optimal STW

The paper explores the optimal design of short-time work (STW) policy and
concludes that STW addresses the fiscal externalities of the UI system. In the U.S,,
a system with similar purpose already exists. The Ul system is experience-rated.
This means that firms’ contributions to the UI system increase when workers are
laid off, effectively functioning as a layoff tax that firms must pay when they

separate from employees.

In this policy experiment, I exchange the STW system for a layoff tax. Firms are
required to pay a tax to the government when they lay off a worker. The revenue
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from the tax can be used to finance the UI system. Proposition 7 derives the
optimal layoff tax, showing that it serves the same purpose as the STW system
within the model.

Proposition 7, Optimal STW benefits in steady state
Consider the economy as previously described. Assume that it has converged to its
non-stochastic steady state. Then, the optimal layoff tax T is determined by:

Ty = (1—f)-FE - BE

D -
A: Fiscal Externality Ul > 0 C: Bargaining Effect

PROOF: Appendix 1.M

The key distinction between STW and layoff taxes in the model is that lay-
off taxes do not distort working hours. This difference is reflected in the
comparison between the optimal layoff tax and the optimal net transfer of STW
benefits (as discussed in Proposition 2 versus Proposition 7). The planner reduces
the optimal STW benefits to minimize the distortionary effects associated with
the STW system. As a result, we can conclude that, within the model, layoff taxes
are superior to STW benefits due to their ability to avoid these distortions.

This result might be surprising, as STW and layoff taxes should be two funda-
mentally different instruments. STW functions as a subsidy, while layoff taxes
operate as a penalty. Given this, one might wonder how they can lead to similar
outcomes within the model. There are two main reasons for this.

First, neither STW nor layoff taxes directly influences the job-finding rate. The
budget constraint for the economy with STW system is:

Estw,t

Ne-Typ = (1 - nt) b +n;- f Tstwyt * (l_l - hstw’t(e)) -dG(e)

€t

The budget constraint for the economy with layoff tax is:
Ty = (1_”t)'bt_nt'Pt'TS,t

Increasing the generosity of STW can enhance the joint surplus of firms and work-
ers; however, the subsequent rise in income taxes required to finance the STW
system counteracts this benefit. Conversely, raising the layoff tax reduces the joint
surplus of firms and workers. Nevertheless, an increase in the layoff tax also low-
ers the amount of income taxes needed to fund the UI system, which offsets the
negative impact of the layoff tax on the joint surplus. If the surplus is not altered,
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job-finding rates do not alter.

Second, firms in the model are never financially constrained, which allows them
to offer insurance to workers and pay layoff costs regardless of their financial sit-
uation. Under these circumstances, layoff taxes are clearly superior to STW. With
financial constraints, things might be different. STW could be a tool to provide
imperfect income insurance for the firm. Further, layoff taxes might become inef-
fective under financial constraints. A comparison of STW and layoff taxes in such
circumstances would be interesting.

To see the quantitative difference between the optimal STW policy and optimal
layoff taxes in the model, I calculated the impulse response functions to a 1%
negative productivity shock. Figure 1.D.1 shows that, due to the absence of work-
ing hours distortions, layoff taxes are much better suited to stabilize the business
cycle. In fact, it replicates the results of the hypothetical subsidy system from Sec-
tion 5.4. Almost all inefficient fluctuations in employment and consumption can

be solved.

Figure 1.D.1. Optimal Lay-off Taxes - Allocation

Separation Rate 0.2 Employment 0m Consumption
° 0 - T T T
8 M TTT---= 2. 905
£ K__ I £
o S o
e P e v e
g 5t e ® 5
oy e o _ ©
X X X
-10} i
1.5
-15 -1
20 40 60 20 40 60 20 40 60
Month Month Month
—Baseline Optimal Lay-off Tax = =Optimal Allocation

—Optimal STW Policy = Optimal Subsidy System

Notes: The figure shows the impulse response function of an economy with optimal STW
system (red solid line) to a hypothetical subsidy system without hours distortion (red
dashed line) and optimal layoff taxes (yellow line) for a 1% negative productivity shock
and compares it to the response of the social planner economy (blue dashed line) and the
baseline economy (black line).
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Appendix 1.E Steady State

Table 1.E.1. Steady State Results

baseline optimal STW optimal Ul optimal Ul, STW

Job-finding rate 0.41 0.41 0.507 0.479
Separation rate 0.03 0.021 0.015 0.014
Fraction of workers on STW - 0.009 - 0.004
Unemployment 0.07 0.049 0.027 0.03

Average hours worked 0.839 0.834 0.837 0.836
Consumption 0.979 0.984 0.992 0.991
Ul benefits 0.45 0.45 0.34 0.37

STW benefits - 0.735 - 0.543
Minimum hours reduction - -66% - -55%
Lump-Sum income tax 0.019 0.017 0.005 0.007

Notes: The table compares the steady state results between the baseline model, the model of optimal
STW benefits with given Ul benefits, the model with optimal Ul benefits, and the model where STW

benefits and Ul benefits are chosen optimally. Further, note that minimum hours’ reduction denotes
D-h

how many working hours have to fall below their normal level to enter the STW system: =*=.

Table 1.E.1 presents the steady-state results of the model. Columns 1 and 2 com-
pare the baseline economy to an economy that includes an optimal STW system.
As predicted by the theory, STW has virtually no effect on the job-finding rate
and operates almost entirely by reducing separation rates. The separation rate
falls from 3% to 2.1%, which leads to a substantial decline in the unemployment
rate. Consistent with the theoretical predictions, the introduction of STW also re-

duces government fiscal expenditures, which decline by approximately 10%.

Quantitatively, the model suggests that the optimal unemployment rate is lower
than the current U.S. unemployment rate. Reducing Ul benefits would significantly
raise employment and expand consumption possibilities. When STW is introduced
as part of the optimal policy mix, it directly addresses the fiscal externality that Ul
creates through its effect on separations. Proposition 4 shows that this enables the
government to offer more generous Ul benefits — a result that is also confirmed
quantitatively. Interestingly, the reduced fiscal externality of the UI system is used
entirely to increase the generosity of the UI system, rather than to further reduce
unemployment.

Finally, note the difference in the eligibility condition between the economy with
only optimized STW and the economy with both optimal UI and STW benefits. In
the latter, a smaller reduction in working hours is required for a match to become
eligible for STW. The reason is straightforward: with lower UI benefits, smaller
STW benefits are needed to offset the fiscal externality of the UI benefits. This
weakens the incentive for matches to reduce hours, making fewer matches eligible
for STW.
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Appendix 1.F Nash-Bargaining

Wage and Severance Payment.
The FOC for salary outside STW:

Ne—1 - u/(ét(e)) -gle)- g = (1 —mnq)-gle) - (aytw - Ut)

The FOC for salary on STW:
e _ w
MNe—1 - U (Cstw,t(e)) -gle) - 4 = (1 —nq) -gle) - ("Vt — Ut)

The FOC for severance pay:

et U Cou) - 8(6) - S = A =10) - 5(&) - (%Y 1))
Rearranging gives:

u () = U (Cpp(€)) = ' Coyr)

Workers are perfectly insured against idiosyncratic shocks in the period:
¢ = ¢(e) = Estw,t(e) = Eeu,t

Using the full insurance result, we get the optimal wage equation:

A
N1 S = L —mq) - G)

Using the optimal wage equation, we gain expressions for the value of the firm
and the surplus of employed workers, dependent on the joint surplus weighted by
the marginal utility for firms and workers:

The surplus of workers is denoted as:
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0 Estw,t
YW = J V¥ (e)dG(e) + f Vit (€)dG(e)

max{estw,t’gs,t} Esit

+ Pt - (u(ceu,t) - u(bt) + Ut)
[0 Estw,t

= J u(Et(G))dG(G) + f u(Est,[(e))dG(e) + P u(ceu,t)
max{estw,ngs,t} Est
'ywl — U1
+p - (U —u®)) + 1 —p) 'Et|:ﬁ : Hu,(—cru)]
Insert value of unemployed worker:
o Estw,t
YW = f [u,(e)) —u(b,)]dG(e) + J [u(E(e)) —u(b)]dG(e)
ma-x{esrw,t’gs,t} 65,[

+ P [u(ceu,t) - u(bt)]
+AQ=p)-A—=f)-p 'Et["ytm - Ut+1:|

Using the insurance result, we get:
%W = u(alt/v) —ub)+ A —p)-A—f)-p ’Et[nf/tlfl - Ut+1:|

Using the insurance result and dividing the expression by the marginal utility of
consumption gives:

"f/tW -U u(c) —u(b,) [ “l/t'ivl — U
u’(?:{") - u’(EﬁV) +A—=p)-AQA—f)-E _ﬂ : TEtW)
Wy b r ! 2w nyW —U
- er(l—Pt)'(l—ft)'Et B - u,(cfjvl) Jer t+1]
u' (&) | v (@) u' (¢ )
_ u(c) —u(by) [ w %Kvl — U1
T OO e
The value of a firm can be denoted as:
g = J y,(€) —v(h,(€))dG(e) + f ’ Tonwe - (R — Ry (€))dG(€) — 2, — &
S €t

— T+ A= p) B[ Q- o]

Insert government budget constraint:
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Estw,t

S = J ye(€) —v(h(€))dG(e) + J Towe * (R — gy (€))dG(€) — 2, — &
Se

Es,t

1—n,

Estw,t _
— f Tonwe * (R — gy (€)) dG(€) — - b,
€

t

st

+(1—p) 'Et[Qf,Hl : ft+1]

STW cancels out:

S = J Ye(€) = v(h,(€)dG(e) — 2 — &
S

1—n,

b+ A= p) B[ Qo]

n

Insert value of the firm and surplus of workers into wage equation:

nt_l-(J Ye(&) = V(1 (€))dG(e) + J e (A= b () 466 — 3, =7
St es,t
1—n
— o L. b+ (1 —pp 'Et[QiHl 'ff‘*l])

u(@) —uby) V.o —U
= @ =n)- (t—t +A—p)-E [QZ‘ZH S =0 D

' (@) @)

Rearrange for income:

o u(@
M- & + A —=n1) - /—fw
u/ (¢}
W 1 -
= N1 (J (.)’t(e) _V(ht(f))) dG(e) — 2, — ¢ — - - b,
s, .

+ (1 —p) - E I:Qit+1 ) ftﬂ])

b Vo1 — U
+ (1 —n1) - ( u(by —1—pdA—1) .Et[QZ‘;—l . M])

CD) w@ )

Insert optimal wage equation again:
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u(cy)

Ne—p - & + (1 —1ney) - TE‘{V)

= MNe1- (J (y:(e) —v(h(€))) dG(e) — 2, — &
S

1 ;Tlt b+ (1—p) 'Et[Qf,tH 'fr+1])
+(1—n ) (5((3)) — (1= p)A—£) -Et[QZzH : % -me
Rearrange:
u@)

N1 - € + (1 —1neyq) - m

= ny - U (ye(e) — v(he(e))) dG(e) — 2, — &
S,

1—n
I : b+ (A= pf- Et[Qf,tH : ft—rl])
t
by
A=) .
t
M1 —

1_ nm (1=p)A—f)- EfI:QZZH : ft+1]
t

Insert free entry condition:

u(@)

u' ()

Ne—1 - Elt/v + (1 =n) -

= Moy U (i) — v (e))) dG(e) — 2, — &
5,

1—
- nt'bt"‘(l_lot)'et'kv)
n;
u(b,)
+ (1 - nt—l) ‘ u/(ElfV)
t
1= k
M1 m_(l_pt)(l_ft)._v
1—mn q:

Hours Worked.
FOC of hours worked outside STW:

a-a e MmNt gle) A—n_)- (%-U)
= V(h(e)) - U' @) -g(€) - Ny - &
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Inserting optimality condition of the wage gives:

a-a e (N =V (h(e)
FOC of hours worked on STW:

- ap - € (g () - gle) - A —ny) - (%Y —U,)
= (V/(hype (€)) + Topy) - /@) - g(€) - My - 5,

Inserting the optimality condition for the wage gives:
a-a;-€- hm,u’t(e)"‘_1 = V(M1 (6)) + Ty

This is the condition for the optimal hours’ choice.

Separations on STW.
The FOC of the separation threshold is:

Ne—1 g(est) A—=f)-B- E[ t+1 t+1] Z

+ (1 —=mq) - g(es,t) : (ystw,t(es,t) - v(hstw,t(es,t)) + Tsowe * (Fl - hstw,t(es,t))

+F+E[QY,, fm])-(%—Ut) =0

Insert optimal wage equation:

AR
A1—f)-B-E [—Nwm] +F
"
+ystw,t(es,t) —v(h stw,t(es,t)) + Tstw,t * (Fl srw ¢ (€ t)) + Et[Qf t+1 fH—l] =

Account for stochastic multiplier of the workers:

ARV
(1—f) - Ef[Qtt+1 Hl—m]_,_p

' (@)

+ Yotw e (€s) — v(hstw,t(es,t)) + Tswe (E st ¢ (€ t)) + E; I:Qt t+1 ft+1] =

Use optimal wage equation again:

n
A—=fJ- ﬁ "B [QZ}ZH 'ft+1] +F

t

+ystw,t(€s,t) _v(hstw,t(es,t)) t Tsow,e * (h hstw ¢(€s t)) + E; [ u+1 ftﬂ] =



Appendix 1.F Nash-Bargaining | 79

Rearrange:

.ystw,t(es,t) - v(hstw,t(es t)) t Totwye * (fl - hstw,t(es,t)) +F

+A—-f)- _77tnft [ Qi1 ftﬂ:l =0
t

Insert free-entry condition:

ystw,t(es,t) - v(hstw,t(es,t)) + Tstw,t (fl - hstw,t(es,t)) +F

1—mn,- k,
F(A—f)- Mt ft-—=0
1—mn q;

Separations outside STW.
The FOC of the separation threshold is:

Ne—1 - g(gst) aA—=f)-p- Et[ t+1 Ut+1:|'ft
+ (=) - 8E D - (B = v (ED) +F+E[QY, - S ]) - (% —UL)
=0

Insert optimal wage equation:

e(E) =V (E D) +F+E[QY,, - Fi]

%Yi-vl — U
u’'(c)

+A—=f)-B 'Et[
Account for stochastic multiplier of the workers:

Vel = V() +F + E [ QW - S ]

yW —U
+A—Ff)- Et|:Q“+1 M} =

/
w'(Cy)
Use optimal wage equation again:

&) — v, (sst>)+F+E[ Qyy + oo |
+a=f) 2 B[ ] = 0

Rearrange:

Ye(&s) —v(h (& )) +F
+ A —=f)- Ltnft 'EtI:QKZH 'ft+1] =0

— Mt
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Insert free-entry condition:

1—mn,- k
yt({-—:s’t) - V(ht(is,t)) +F+(1—f)- Lff v

Appendix 1.G Derivation Social Planner

W = max - f u(@ (€)dG(e) + (1 —n) - u(c) + vu(d) + p - E[w’,]
tres, 't 0

subject to
M n, f &()dGe) + (1 —n) -+, - =
0

ng . f }’(6, ht(e)) - vt(ht(e))dG(e)

—60-(1—n+G(ey) -ny) -k, —n. - Glegy) - F
D ngp = A —=Ge)) -n +f(6) - 1 —n, + Glegy) - ny)

First Order Conditions (FOC) of the Planner .
FOC for consumption of employed workers:

a —
acr(e)
S Ay = UG ()

Bt -n.-gle) - u'(c(€) — B - ng-gl€) Ay = 0

FOC for consumption of unemployed workers:

a —
(e

/
S Apye = u'()

-1 —n) - u(H—p"-AQ—-n) Ap, =0

FOC for consumption of firm owners:

a —
(e
& A = U

ﬂt-v{-u’(c’;)—ﬁt-vf-lm,t -0
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FOC for hours worked:

0L _ pi o o (nleh(e)) ) -
oh(e) P A e ( dh,(e) V(h(e) |-gle) =0
oyl hle) _
oh,(e) = v (h(€))

This is equation 1.2.7.

FOC for employment:

o¥
on,

= B Ay - (J [y:(e) —v(h,(e))]1dG(e) — G(e;,) - F + 6, - kv)

_ ﬂt—l . An,t—l + ﬂt . (1 —_ 9[_ . q(@t)) -(1-— G(es,t)) : An,L‘ =0

= An,t—l = ﬂ : Am,L‘ : (J D’t(e) - V(ht(e))]dG(e) - G(es,t) -F + Ot : kv)

+B-(1-6,-q9(6)) - A —Gle ) - Any

A'n,t—l A'm,t <
S =p- : [y.(e) —v(h,(€))]dG(e) — G(es,) - F + 6, - k,
A’m,t—l Am,t—l €
+p — .(1_9. (0))-(1—G(e )).@
Am,t—l t - q\G; s,t A’m,t

FOC for the labor market tightness:

0¥
20 —B* - Ay~ Ky - (1 —n. + G(eg,) - nt)
¢

+ B A (@B +6,-4'(0)) - (1 —n + Gles) -ny) = 0

A'TTl,t ky

1+6,- ¢@) q(6p)

S Ay = -
q(6)

Note that we can express the elasticity of the matching function with respect to
unemployment as:

q/(et) B 6. X Qt_Y—l

G AR

=7
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Using this expression gives:

A'Tl,f _ 1 k—v
A'm,t 1-— Y q(et)

FOC separation threshold:

0%
O€s,

= B A - (velese he(eg)) —vihe(es)) + F + 6 - k,) - gleg )

+ B Ape - (L—f(6)) - gles) = 0

This is equivalent to:

oY At
e = yi(esp, he(es)) —v(h(es)) +F+ 6, -k, + (1 —£(6)) - F =0
st m,t

Distribution of Income. It must hold:

Aot = Ame = Ame & U@ = VO = ()

& =@ =8=¢
Planner’s Job-Creation Condition.
Insert Lagrange multiplier:

1 k, _ u'(Cp)
1—7v q(64) u'(€—1)

: (J [y.(e) — v(h (€))1dG(e) — Gley,) - F

+(1—Gle,) - 6, - kv)

u' @) 1k

B W@ 1) (1 —=6,-q(6)) - (1 —G(es ) - m . 2O

Use that 6, = 921%[9){) gives:

1 k, u'(€,)

1—7y 90 " W@

: (f [y.(€) — v(h (€))]dG(e) — Gle,,) - F

+(1—Gle,) - 6, - kv)
u' ()

) 1-06,-4q(6)
u(Cq)

1—

k,
+B- (1 —G(e; ) - [ + 0 q(9t)] . q(6)
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Rearranging:
ke @ (T ot
1—y q6_) W@ _y) (J;M ve(e) —v(h(e))]dG(e) — G(es,) F)
u’(Et) 1— Y- Qt . q(@t) kv
: -(1—-G . .
+h u'(C—q1) ( (€50)) 1—7 q(6,)

Planner’s Separation Decision.
Insert FOC for employment into FOC for separation threshold:

0¥ k,
= yi(esp, he(es)) —v(h(es)) +F + 6, -k, + (1 —£(6)) - =0
0 €st q(6,)
Using that 0, = 9;‘(1(33[) again gives:

1_Y'9t'q(9t). k, _
11—y q(6)

[yiles) — v (e, )] +F + 0

With f, = 6,-q(6,) and q, = q(8,), this is equivalent to the separation decision of
the planner expressed in the paper.

Appendix 1.H Derivation Decentralized Economy
Derivation Job-Creation Condition.

Joint surplus:

u(c) —u(by)

¥, —U b
g+ =" = f yi(e) —v(h,(e))dG(e) — 2, — — — & +
St

u' @) n u' ()
Vi1 — U
+ (1 —G(e, ) - E, [Qf+1 - J1 + B - M—Wt“]
u' (¢
Insert optimal wage equation:

J b, ., u(@) —u)
— L = | yi(e) —v(h())dG(e) — 2 — L — & + —————

1—1n4 s, n; u' ()

+ (1 —G(e; ) - Et|:Qf+1 I+ A —f) - le : % 'Jt+1]

t
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Assumption: Qf = QZ‘_/H
J, b, ., u()—u(b)
—t = —v(h(e))dG(e) = 2 — — — &' + —————
- Ly A TGO
1= f;
+ (1 —Gle; ) - % B [Qy  Jen ]
t

Insert free-entry condition:

1 1k B o b, u@) —ub)
1=, e @ : P L[yt(e) v(h,(€))dG(e) — 2, Tl—f &+ —u’(Ezv)
1—m, -
+(1—Ge,) - (=9 f) K
1—mn, d:
Rearrange:

1 k b u(@) —uly)
— = =q/) (J [yi(e) — v(h,(€))]dG(e) — 2, — = — & f—wf)
1=m1 g s, n; u'(c)

+Q - ((1 ~ Gleg) - 11_#”% : k—)
— Mt d:
Thus:

1 k, b .
1_ T = Et[QZ_Vg-l : ( De1(€) —v(heq(€))]1dG€) — 244 — L CIVH
N 4qe n

Se1 t+1
N u(c ;) - u(bm))]
u'(E )

1—n - fi k,
+ Ef[QE/i-l : ((1 — G(es,t+1)) : 1 _t+1;t+1t+1 ) Qrs1 )]

Appendix 1.1 Derivation Optimal Policy

The Ramsey planner chooses the minimum hours reduction condition D,, the STW
benefits 7, ,, and UI benefits b, subject to the labor market equilibrium. Check
Appendix 1.F and 1.H for a derivation of core labor market equilibrium conditions.



Appendix 1.1 Derivation Optimal Policy | 85

WtG = D:Ej)i t(l —n,) - ulb) +n, - u@)
+ v{ . u([nt . (yt(e) — v(ht(e)))dG(e) —n - —n - &
@,
_(1_nt)'bt_et'(1_nt+pt'nt)'kv:|/v{')
+p-EWS,

Set:

B, = [es,ta estw,t] u [gs,b 00)

Job-Creation Condition:

1 k, ,
1-n, q@6) Et[QZl;‘f'l(J;[yHl (€) — v(hyy1(€))dG(E) — 244q — ni:
—¢ U(Cry1) — ulbeyq)
Cev1 T VB )}
L= e - f(01) K
+E | QW ( 1— . t+ +1) y )]
t [Qt’tﬂ o) I —="Nen q(6;41)

Income Insurance contract:

u(@)

u' ()

Ne—1 - EZV + (1 =nq) -

b
= MNe-1- ( Dre(e) —v(h(€))]1dG(e) — 2, — n—f +(1—p)-6- kv)
S

t

— . u(bt)
+ (1 nt—l) u/(a{v)
= k
_u.(l_pt).(l_ft)._"
1—mn, q:

Separation conditions without access to STW:

1_7h'ft.ﬁ
1—mn, q:

yt(gs,b ht(gs,t)) - V(ht(‘gs,t)) +F + =0

Separation conditions on STW:

Yel€syr, hstw,t(es,t)) - V(hstw,t(es,t)) + U_l - hstw,t(es,t)) * Tstw,t

1—mn- k
+F+Lft._" =0

1—mn, q:
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Working hours outside STW:
a-a,-€e-h(e)* ! = ht(e)w
Working hours on STW:
Q€ R, ()% = hy, ()Y + Ty

Welfare costs of STW:

Estw,t

o, = [y, (e, h (€)) —v(h(€)) — ¥ (€, sy (€)) + v ( Ry (€)) 1AG ()

€s,t

Stochastic discount factor:

! r=w
QW — . u (Ct"rl)
t,t+1 u’ (EXV)

Law of motion of employment:
Nyp = I—p) -n+f06)- 1 —n;+p;-np)
Separation rate:

Pt = [maX{G(gs,t) - G(Estw,t):O} + G(es,t)]

1.1 Constrained Efficient Separation and Job-Creation Conditions

FOC for the consumption equivalent:

I I A @) u@) —ulb,)
3_5‘t’v = N -u ) — E “u (g ):|_Ae,t—1 Q- w'@) : W@
=0
[ u" @) u@) —u,)
~He | PO ey T ey ]
u//(g];/)

UI(EW
Et|:)'Q,t+1 B-u"@) - ol ] =0

+ A0 B =
Q;t u’(c‘t”)z

U@y
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Changes in consumption influence the value of the joint surplus and thus hiring
incentives:

u' @) - w' @Gy - e — U ED? - Ao,

W@ ) @

& Ap = Aga - Q- BE +n-u'@)

( U’ @) ) u@)—ulb)

TUEY )T V@ 1

with BE, =

<
u” (@) u@)—u(b,) _
1+ (1 - nt—l) : (_ u’(?:f’)) : ;/(5?)) : 1 Ne—1

FOC for labor market tightness:

3 o
38 = —1—n +£(es’t) n)k, - j ' ()
U —
u' (&)
+ (1 —n+ G(es,t) n)-(1—7v)-q(6) - Et[)\'n,t-b-l]
1 Aot

>

S
1—n " T R@Y

1
+ m ' (f()ét) - 77) : (/5 ' (1 - G(es,t)) : Ae,t—l - Ae,t - Astw,t) : kv
Ap. 1= . Ne= M1 1 oy (- _q). —
Rearranging gives:
o ko1 K
1—v q(6) 1—7r q(6p
) 1 ) 1 ) Y Ao — (Y —f(6,) - 77) : (/5 (1= Gles)) - Agpa1 — Ay — A’stw,t)
1—7n m@) ' @)
)Lct Nt — Ne—1 ( Y ) )
— . - (1 —G(eg ck,+ ——— - (1 — | ==—-1]" "k,
D (n ( (€5,0)) 1= (1—=pd) 76
n: (1 —G(e;0)) 1k
Uy 1—vr q(6)
. Et [An,t+1:|
u’'(c})

Define y, as:
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Xt —
11 7 A=) m) (B (= Gle) - Mg — At = Aa)
1—n m(6) u' (&%)
A _
_ /ivtv '(n'(l_G(es,t))'kv+M'(1_pt)'(L—1)
u' &) 1—mn,
N (1 —G(es))

Up

'kv

This simplifies the expression and gives the first building block for the constrained
optimal job-creation and separation condition:

' Et[ln,tﬂ] 1+ . k

14

u' (&) I—7r q(6)

FOC for employment:

an, = u(c’) —u(by

Vf (e3¢
+ j . u’(c{) . (J ¥ (e,h(e)) —v(h,(e))dG(e) — 2, + b, + (1 — G(esy)) - 0 - kv)
t Est

W@

b
+ (B Agea T 1Ay n_;
t

— A+ B @ —f(0)) - (1 —Gle;) " E[Anyi1]

Rearranging gives the second building block of the constrained efficient job-
creation condition:

u'@,) An g

w@E  w@)

= f ¥ (e,h(e)) —v(h(e))dG(e) — 2, + b, + (1 — G(esy)) - 0, -k,

u@) —ub)  (B-Age1 +A) b

u' (¢ n - u'(c n,
E[ An 1]
+B-(1—f(6)) - (1 —Gley,) - tu(—cfj)l
t

Inserting the first building block of the constrained efficient job-creation condition:



Appendix 1.1 Derivation Optimal Policy | 89

1 + Xt—l . kv _
1— Y q(et—l) B
ul(Elt/v) oo
L Ye(e, h(€)) —v(h,(€))dG(e) — 2, + b, + (1 — G(e; ) - 6, - k,
u'(¢Y ) ..
V@D (“@ —ulb) (B Ao+ Acd) by )
w(E,) u' (&) ne - u' @) n,
u'(?ltv) 1+ g, k,
: -(1-G C(1—f(6,) - —2t .
+ B @) ( (e5,0)) - (1 —f(6)) =7 26

Rearranging gives the constrained efficient job-creation condition:

1+ Xi—1 . kv _
1=y q01)
u' (@) °°
Lt Ye(e,he(€)) —v(h,(€))dG(e) — £2, + b,
u'(c ) e
ip u@) (u(ey) —u) (B Age1 A by )
u'(EZV—1) u’ (E]t”) n - u' (E]tw) ¢
u@) A—y-fON+A-fE) -2 ky
. (1—-G . .
Py 4o 1=y a(6)

The FOC for the optimal separation threshold is:

J V{ ~/ F
—5— = 180 - [l hunne(€60) =Vl (es ) + F 4Ky - 6] e
S,t t

+ng 'g(es,t) -(1—£(6)) - E, [An,t-kl]
+ Ae,t—l : g(es,t)

1—1(6) - k
- [J’t(es,t: Rt (€50)) — vy (€50)) + F + SO n o ]

1—n q(6p)
+ Ac,t : g(es,t) : [yt(es,b hstw,t(es,t)) - v(hstw,t(es,t)) +F+6,- kv]

- k
X Ne—1 Nt -g(es,t) X (1 _ft) v

ot 1—mn, q:

+ A’e,t : [at : hstw,t(es,t)a + ¢

ahstw,t(es,t)
+ - —

—1 /
Je : (a cQpc €5yt hstw,t(es,t)a -V (hstw,t(es,t)) - Tstw,t)]
st

-~

=0

=0

Rearranging gives the second building block for the constrained efficient separa-
tion condition:
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Et [An,t+1:|
= yt(es,b hstw,t(es,t)) - v(hstw,t(es,t)) +F+k,-06,+1—f(6)) - W
Ne—1
- ﬁ Q=p)-A=f)- Qr
_ B - Ae,t—l + A’c,t ) _ n- A’c,t ) 1—£(6) ) k,
now@) ™ a o w@) 1—1n  q@)
1 Aet

g(€esy) . n - u' (&) ' (at ) hstw,t(es,t)a + Cf) =0

Inserting the first building block of the constrained efficient separation condition

gives:
1 + Xt 14
<= yelegy, hstw,t(es,t)) - V(hstw,t(es,t)) +F+6 -k + (1 _f(et)) : 1—y : 26D
t
Aﬁﬂ,t—l +n- )Lc,t U Ac,t 1 _f(et) kv
quad — — “Totwe — e .
n, - u' () ne - u'(cy) 1—n q(6,)
1 Aet

g(e t) nl’ ul(ct) (at stWt(est) +Cf) — O

Rearranging gives the constrained efficient optimal separation condition:

g J’t(es,t: hstw,t(es,t)) - v(hstw,t(es,t)) +F
L1 fe)+ (1—£6)) % K,

1—vy q(6,)
(1+mn-BE) - Ag, BEt ‘Ao 1—1(6) k,
a W@ ™ T w@)  1-n g0
1 Aet

B _g(es,t) . n; - UI(E}’V ’ (at ) thW,f(es,t)a + Cf)

1.2 Constrained Efficient vs. Decentralized Conditions Steady State
Inserting the Lagrange multiplier for the consumption equivalent lets the con-

strained efficient job-creation condition simplify to:

1+7x k,
1—v q6)

=p- U y(e,h(e)) —v(h(e))dG(e) — 2 + b)
+[5.(u(éw)—u(b) + B-(Q+n-BE)-Ag ' )

u’(cw) n-u'(cv)
—y-f(0) + A —f(0) - k,
1—7v q(0)

+ B - (1—G(e)) -



Appendix 1.1 Derivation Optimal Policy | 91

Next, we subtract the decentralized separation condition from the constrained
efficient separation condition. To do this, recognize two auxiliary calculations.
First, subtract the joint surplus of firms and workers from the social value of
creating a new match:

I+y &k 1 &k _A-m-0Q+p-=0-1) Kk
1—y q6 1-n q(0) A--aA-m q(6)

_( _n—}’)' 1k
* 1-n/ 1—v q(9)

Second, do this for the continuation value:

A—y - fOEN+A-fON-x k 1—n-fO) Kk

1—7v q(0) 1-—n q(6)
A= (A=-y-fON+A—FON-2)—A—7)-U—7n-f6) Kk,
N A—-m-0-7 " q(0)
A= (A=y-fON+A=FON-2)—A=7)- A —7-f) Kk,
N A—m-a-7p (0
n—y 1 k,
N (1_f(9))'(x_1—n)' 11—y q®

Putting both together gives the deviation of the constrained efficient separation
condition from the decentralized:

n—-r\y 1 ko ( /5-(1+n-BE)~7Le)_Q
(’C 1—n) 1—v q() = p(1 n-u' (@) n
n—ry 1 k,
-(1-G (1 =FO) -y — ) i
+B - (1—Gle)) - (1—£(6) (x 1_n) =7 26

Rearranging the deviation from optimal job-creation condition can be expressed
as:

( _n—r)_ 1k

* 1-n/) 1=y q(9)

_ B _(1+ﬁ-(1+n-BE)-)LG).9
T 1-B-(—f(0) - (1 —Gle) n - (@)

n

We can also interpret this as how many firms and workers undervalue the social
value of the match.

The constrained optimal separation condition in steady state can be expressed as:
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1+ k,
& (e, by (€9)) — V(b (€)) + F + (1 —1 - £(6)) - - _?Yf o)
_(Q+4+n-BE)-Ay ~ BE-ly 1—f(0) Kk
n-u' (@) Tstw n - u'(@) 1—1 q(9)
1 Ae
+ : -
g(es) n-u'(cv)

(a-hle)* + cf) =0

Next, subtract the decentralized separation condition:

; - 1k
— Ty - (A= hape(es)) + (1 —£(6)) - (x 2o ;) )
BE-2g  1-£8) k
n-uw'@)  1-n q@)

(1+n-BE) - Ag,
O nu @)
1 A,
gle) n-u/@)

*Tstwt (fl - hstw,t(es,t)) -

(a-h(e)*+¢) =0

Rearrange for the optimal STW subsidy.

= Tswt® (fl - hstw,t(es)) = 1A —f(6)- (){

(A +n-BE)-Ag
n-u' ()
1 Ae .
+ RS (a-h(e)® + )
BE-dg 1—f(6) Kk,
n-u@) 1-mn q(6)

_n—Y) 1k
1=-n/) 1—v q(8)

*Tstw * (i_l - hstw,t(es))

The subsidy is there to realign the optimal and decentralized separation condi-
tion. We can see this when we look at the deviation from optimal separation

condition:
(1+/5'(1+7)'~BE)'/19)
n- u/(CW)
. B -1 —£() b | )
(1 —pB-A—-f0O)-1A-— G(e)) n (h hstw(es)) Tstw

. (a -h(e)* + cf) —

gle) n-u'(@) now@)  1—-n  q0)

1.1.3 Optimal Ul given STW Steady State

To calculate the optimal UI system given a non-optimized STW system in steady
state, assume that the eligibility threshold is looser than the separation threshold
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without access to STW: €y, , > &; ;. First, we have to form the FOC for the optimal
UI benefits:

— = 1-n)- (b)) —UE)
g [ ) g ((1—g) D
Ao B [(u’(ég”) + 11— Tlt) BE, ((1 7)) u' (&) n 1-— nt):|

Note that this depends on the Lagrange multiplier of the job-creation condition/
private value of the match. To calculate it, we first have to calculate the FOC to
the separation threshold of firms without access to STW. Note that its Lagrange
multiplier must be zero:

a —_—
ags,t
3R(E) , 1
—Aep | @ (B + ¢ + ang’f (o a (G )T =V (I (E D) | W' @) = 0
S,t

=0
(=4 Ag’t =0

Next, note that the deviation of the private value of the match from the social
value of the match can be denoted by:

( n—y). 1k

Y1) 1=y q@
B ( .

1—f-(1—£) - 0 —Gle) n-w @)

[5-(1+n-BE)~A9)‘b
n

Rearranging for y gives the right-hand side of the formula for calculating the
Lagrange multiplier for the job-creation condition/ private value of a match:

N p
1-p-AQ—f00)-1—G(e))

_ [3-(1+n-BE)~7L@).9( 1 kv)
(” TS A\ 17 q

The left-hand side of the equation can be expressed by the steady state value of
x-
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1 y=B-(r=(—0a—=n)-BE)-n-f(6))- (1—G(e))

1—n m(6) - u' @) Ao
1 =) (A —21¢)

1-n m(0) - u' (&™)

Note that the Lagrange multiplier for the separation condition without access to
STW benefits is zero, which simplifies the equation to:

1 r=B-(r=(—-0a—m-BE)-n-f(0)- (1—-G(e) N

1-n m(0) - u' @) e
1 4 —=n-f6)-(-2)

-1  m@- @)

Now bring the left-hand side and the right-hand side of the equation together:

1 r=B-(r-(1-Q-m-BE)-n-f(6) - A-Gle) . _
1-1n m(6) - (@) T

N B

1—p-0—f06) - (1—-GE)

(B0 n D Ay by 1
@+ W (@) 1Ty @@
1 (r—m-£0) - (-2.)

T=n ~ m®) v

Rearranging the equation gives:

1 r=B-(r-(1-Q—m-BE)-n-f(6)-A-Ge)
1—mn £(6) - u' (@) v Ao
n—y kv
1—v)-u-q(0) - .
+ (1 —7)-u-q(6) A=y a=mn 1@
B
1—9v)-u-a(@) -
A= a6y (= Ge)
_(1+ﬁ-(1+n-BE)~AQ)_9

n-u (@) n
n 1 .(Y_T)'f(e))'kv. _Ae
1—7 £(6) ' (@)

We still have to calculate the Lagrange multiplier for the separation condition A,:
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. /5'(1+T)'BE)' ) p-(1—£(00)) b
Af"(1+ n-u' (@) Ao (1—ﬁ-(1—fan)-uf-cwg) n
- gle) -n-u'@)
N TStW ) (h B hStW(ES))) ' a - hstw(es)a + Cf
1 _f(e) . kv . g(es)
1-=n q0) a-hg(e)*+cf

—BE- Ay -
Inserting the Lagrange multiplier for separations into the formula above gives:

L v (y=(1-a-m-BE)-n-f®) (1 —Ge)

-k, A
1—n £(O) - u' @) v Ag
/ n—y ky B
= f(0) -u- .
Sy Ql—w-u—n)qw)+1—ﬂ-u—fwn-a—G@m
B-(1+mn-BE)-Ap\ b
(1+ n-u' @) ) E)
_365. o [3-(1+n-BE)‘ )
+ 30 gle) - n (1 + @) Ag
B-1—£(6) b N
(1 _ /5 . (1 _f(e)) . (1 _ G(es)) n TSl‘W (h hstw(es)))
1-f(6) K g(e,) 1 y—n-f)
—BE- A, - . . . . -k
" 1-n q) a hule)r+g 1-n  f(O) v
with
f0 = 10—y -q®
de, 1 (r—=n-f0) -k, 1
20  1—n £(6) a - e (€)% + ¢
Next, solve for the Lagrange multiplier of the social value of the match:
Ao = u](w_c).f/(g).u
_ n-—y .k B _9]
A=A —=7) qB) 1--A—-f(0) Q-G n
u' @) e
Tm e 8T
[ - (1—£6)) b
i 1 _ ﬁ . (1 _f(@)) . (1 _ G(es)) n TStW (h hstw(es)):|

I call M the inverse multiplier of the match:
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y=B-(r—(—Q—m-BE)-n-f(8) A -G+ (y—n-f(0) BE- L2 . . S

M = 1-n @hgpy (€)% +cp
1-m)-f(6)
regular multiplier effect
B - (1—G(e)) B-QA+n-BE) b

— . C— 0) -

1— 6 (1 () - (1 G(e,) n AL

tax effect via vacancy posting

L pee) s (b Gy ) 2.

1-p-0—70) (-G n p T (1= ha(€) ) Fg - gle) on

tax effect via separations

M captures the feedback effects that altering the value of the firm in one period
has on the labor market tightness. The feedback effects can be divided into three
channels, which can be illustrated by considering an increase in UI benefits. The
first channel is the regular channel, where an increase in Ul benefits depresses the
joint surplus of firms and workers, not only in the present but also in the future.
The second channel emerges through the free entry condition. As the joint surplus
declines, firms reduce vacancy postings. This reduction leads to higher unemploy-
ment, which, in turn, increases the fiscal burden of the UI system. To cover these
additional costs, higher income taxes are required, which further depresses the
joint surplus, thereby amplifying the initial impact.
Finally, the third channel arises through the separation condition. A decrease in
the joint surplus increases the separation rate, as the continuation value of the
match between firms and workers diminishes. More separations result in higher
unemployment, which once again raises the costs of the UI system, leading to the
need for higher taxes. This creates a reinforcing loop that further reduces the joint
surplus of firms and workers.
It's important to note that the last effect is mitigated by the STW system. Larger
STW benefits reduce separation incentives, thereby lowering the number of work-
ers entering the UI system. As a result, the increase in unemployment is smaller,
which in turn lessens the distortionary tax effect caused by the Ul system. STW
itself has a neutral impact on the joint surplus of firms and workers. On one hand,
an increase in STW benefits raises the joint surplus through the subsidy effect.
On the other hand, this increase is offset by the need to raise taxes to finance
the system, which decreases the joint surplus. Ultimately, these two effects cancel
each other out.
In the following, I require the inverse multiplier to be positive, M > 0. Otherwise,
the model would not converge to its steady state. We can abbreviate the inverse
multiplier by recognizing that it captures the general equilibrium effect that a
change in the surplus or value of the firm has on the labor market tightness:
008 1 o008 1

1
or = - =
as M aJ 1-n M

We can rewrite the formula for the Lagrange multiplier as:
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u'@E oes

Mo = 1—n aJ 1O - u
' n—y kL B b
(1—-n)- -y q  1-p-A—f(6) (1 —Gle) n
+u(Ew).@.%.g(es).n

1-n aJ a6
_ [ B (1L—F6)) b
1-B-AQ—f(0)-1Q1—-G(e)) n

— Toow + (h— hm(es))]
So the optimal UI benefits can be characterized by:

A—n)-W®)—u@)) =
u'(b) n u'(b) n
Ao b [(u’(ﬁw) * l—n)_BE' ((1—?7) @) LT —n)]

Let L, and Lg denote the social value of an additional hire, respectively, from

retrieving the marginal match:

Ly = L L P b
VTS a-p 4@ T1=B-(—f0) A-GE) n
B-(1—£(06)) b

bs = T g a—fo) a—ctey n "o O hwle)

Further, note that most of the right-hand side of the optimal UI benefits denote
the first derivative of the value of the firm to an increase in UI benefits:

aJ _ . u'(b) n e B .u/(b)_ on
o P [(u'(EW)+1—n) BE ((1 ) ey 1—n)]

Then, we can express the equation for the optimal UI benefits as:

') —u' @)

1—-n)- >
u’'(cv)
aJ\ da6% oJ 006%¢ 865)
Lv ( ab) gy O utls 7 ( gp ) 8 n
We can also express this as:
(1_H)M—L .(_ﬁ)uﬁ_l’.aefe. (e)n
weny VU o ST gp 8
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1.1.4 Optimal STW benefits Steady State

First, derive the FOC of working time on STW:

o9,

0
—_ — nt . " ——
ahstw,t(e)

— = i)+ + 1 - A
3y (©) Hedtho 41 R

ﬁrg‘hl"'ih

@@

— An,,c(€) - (a-(@—1)-a € hyy (% —V"(hy,,(€) = 0

We can use this to calculate the Lagrange multiplier for the working time on STW.
Note that the multiplier depends on the idiosyncratic productivity e:

(1 (1+n'BE)-Ag 41 )

nu' ()

00,
(a—1)-a-a,-e€-hgy,(e)*2 —v"(hy,,(€)) dhy, (€)

An,, c(€) = —n, - u' (@) -

The FOC for STW benefits is:

2

d Tstw,t

= —J An,,, +(€)dG(€)

- Ae,t : [ (i_l - hstw,t(es,t))
ahstw,t(es,t)
+ P

a—1 /
2 : (a cQpc €gp e hstw,t(es,t) -V (hstw,t(es,t)) - Tstw,t)]
Tstw,t

=0

=0

Next, we can insert the Lagrange multiplier from the optimal hours choice on
STW:

dG(e)

(14+m-BE)-Ag,_ St 50 hgoy ¢ (€)
& —n @) - (1 + N 0.t 1) ) J 3 t stw,t
€

ng - u'(c}) hstw,t(e) . Tstw,t
- Ae,t : (}_1 - hstw,t(es,t)) =0
Here, the FOC of working hours for STW benefits can be denoted as:

hsrw,t(e) . 1

Tstw,t a (a—1)-a- a - e€: hstw(e)a_z - V”(hstw,t(e))

Rearranging gives us the Lagrange multiplier for the separation condition.

/5'(1+77'3Et)'le,t—1
Ae,t 1+ neu' (&) 0 £2;

ne - u'(c) - h— gt e (€5 . O Totwye
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The planner decides against preventing all inefficient separations to save on costs
of hours distortion.

Next, insert the Lagrange multiplier into the constrained efficient separation con-
dition and rearrange for the optimal STW subsidy:

e Tsm-(fl—hsm(es))
_ B - (1 —£(6)) _(1+/5'(1+T)~BE)-7LQ).E
1-=B-AQ—f(6) Q-G n-u'@) n

(1+n-BE)-A -

T nd @) = T+ (7= B ()
g(ey) n-u @) 0T h — g, (€)

_ BE-Ag .1—f(9) K
n-uw@) 1-n q(6)

Note that STW benefits reduce separation incentives by keeping unproductive
workers employed. At the same time, they reduce the costs of the Ul system.

We can see this in the following equation by the term (1 + %)

P (1n+- Z/(EliE)') }‘9) " Tstw,t Ul - hsl‘W,t(es,t))
=(1+/3.(1+n.BE).AQ).( B-(1—f(6)) b
n - u' (@) 1-B-1—f(0)-1—-G(e)) n
1 90 a-hy(e)*+¢
g6 9Ty h—hy(ey) )
BE-%9 1—f() Kk,
@) 1-n  q6)

= (14

Interestingly, both effects are equally strong, and the term crosses out, leaving us
only with the bargaining effect:

) - B - (1—£(6)) b
S Taowe (R Rane€d) = T 5 T a — ey
1 002 a hy(e)" +¢

Cgle) Oty  h— Ry, (€)

BE-A
_ D] 1-f(0) Kk
B-(1+7-BE) A _

Note that
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95 (€stw,1)

a - hstw,t(es,t)a + ¢ _ Dege _ 1 _ 1 0
}_l —h (6) B asstw,t(GS,t) - 98t estw,0) - aes,t >
Stw,t . _ Jest 7. .
stw,t —assrw,t (fs,t) stw,t
Tstw,t
and define the bargaining effect as:
BE-Ag
BE — U GD) 1-f(0) K
B B-(+n-BE)Ag ] — 2
1+ 55 n q0)

Then we get the formula for the optimal STW benefits as in Proposition 2:

. - p - (1—f(6)) b
Tt (h hm(es,t)) T 1-B-1—f0)-QA—-G(e)) n
1 e | 1
gle) OTs =

—BE

1.L.5 Optimal Eligibility Condition Steady State

This section derives the optimal eligibility condition. It aims to show, using proof
by contradiction, that €, . = &, as long as the sufficient condition of Proposition
3 holds:

afse e’
L +Lv-(— f -u)+L§-(n-g(es)- :S ) >0

0 Estw 0 €5m 0 €5m

~
More hours distortion Less hiring More Separations

The section will examine each possible value of €, ,, except for €y, = &, itself,
to demonstrate that they cannot constitute an optimum.

case 0: €5 ¢ < €54

Case 0 examines the case where the eligibility threshold is stricter than the
separation threshold of a firm with access to STW. As a result, STW does not
exist in this economy. By excluding any €, < €;, from the optimization problem
of the Ramsey planner, we do not restrict the choice set of the Ramsey planner.
The Ramsey planner can always choose €4, = €5 OF Ty, = 0 to eliminate the
STW system from the economy.

case 1: €;; < €51 < &5
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Case 1 describes the situation where the eligibility condition is so strict
that matches with €, € (€4, &) are not allowed to go onto the STW system
and subsequently dissolve. At the same time, matches with €, € [€,, €4, ] are
allowed to enter the STW system and are rescued. The paragraph wants to show
that it cannot be optimal to rescue less productive matches while letting more
productive matches dissolve €, < €,. To verify the claim, it has to be shown that
the Ramsey planner would always want to loosen the eligibility threshold as long
as we are in case 1. The Ramsey planner always wants to loosen the eligibility
condition if the following condition is met:

Showing this would mean that no ey, €[¢€,,&;,) is optimal. So we start by
calculating the first-order derivative of the Lagrange problem:

5 v
= N —- u/(cf) 'g(estw,t) : (yt(e’hstw,t(estw,t)) - v(hstw,t(estw,t)) +F+6,- kv)
d Estw,t vi
—_———

w @)
+n; 'g(esrw,t) - (1 —f(6) - E; I:kn,t+1:|
+ Ae,t—l 'g(estw,t) - (J’t(eahstw,t(esm,t)) - v(hstw,t(estw,t)) +F

1 _f(et) . kv
T 26

|
+ )Lc,t : g(estw,t) : (yt(estw,t: hstw,t(estw,t)) - v(hstw,t(estw,t)) +F+6,- kv) >0
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Et [An,t+1:|
S Yel€stw,e Mstw e (€5tw,)) — V(s e (€sew,)) + F + 6, - ky + (1 —£(6)) - U@
t
A’B,t—l
—n - u/(EW) . ﬁ . (_)’t(f, thW,[(estW,t)) —_ v(thW,[(estw’t)) + F
t t

1—-£06) - n, k,
+ .
1—mn, q(9t))
Act

n, - u' (€

: (yt(eahstw,t(estw,t)) - V(hstw,t(estw,t)) +F+6,- kv) > 0

E, [An,t+1:|
= yt(estw,t: hstw,t(estw,t)) - v(hstw,t(estw,t)) +F+6,-k +Q—f(6)) - W
t
4 B-A+mn—BE)- A'Q,t—l
n, - u'(c})
n 1_f(9t)'7h' k, )
1—mn, q(6p)
_ﬂ'BEt‘AQ,t—l'l_f(Qt)_ k, ;0
n, - u' (&) 1—mn, q(6)

) : (yt(estw,tz hstw,t(estw,t)) - V(hstw,t(estw,t)) +F

Next, we insert the Lagrange multiplier for the law of motion of employment
Et[kn,t+1:|:

yt(estw,tz hstw,t(estw,t)) - v(hstw,t(estw,t)) +F+6, -k,

1+ Xt kv
1—£(6)) - YN
-(1+m,_q-BE) Xy,
+ (/5 = ~ t o 1) ' (yt(estw,t: Pstw ¢ (€sow,0)) — V(s ¢ (€5 )) + F
ng - u’(ct)

1-f6)-n Kk
+ .
1—mn Q(Qt))
_ ﬁ 'BEt : Ae,t—l . 1 _f(et) . kv _
ne - u'(¢,) 1—mn, q(6p)

= yt(estw,t’ hstw,t(estw,t)) - v(hstw,t(estw,t)) +F
L Q=7 FON+A—fO) -7k,

1—vy Q(Gt)
B+ BE) Ag.
+ = e : 1. (yt(estw,t: R (€stw ) — V(s ¢ (Egp, 1)) + F
n, - u'(c)

1 _f(et) “ Mt kv
+ 1-— Ne q(et))
_B-BE-Aga 1-f0) Kk _
n - w(&) 1—mn.  q(6)
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To reduce the notational burden, let us define the difference in the surplus be-
tween a match at productivity level €y, , and a match at the separation threshold
without STW as €, as:

Ye(€stw s hstw,t(estw,t)) - v(hstw,t(estw,t)) —Yi(€s s hstw,t(es,t)) + V(hstw,t(es,t))

= Zstw,t(estw,t) _zstw,t(es,t) >0

The surplus of a match with higher productivity €y, , > €, is, of course, larger
than a match with smaller productivity. Next, we subtract the socially optimal
separation condition on STW from the expression above. We can interpret the
operation as deducting the social value of rescuing a match with productivity
level €, from the social value of rescuing a match with productivity level € ,:

= : (zstw,t(estw,t) - Zstw,t(es,t))
n, - u' ()

J— 1 . AE
gle)) n-u'(@v)

( B-@Q+mn.-BE)- Ae,t—l)
1+

. (a -h(e)* + cf) ; 0

From the FOC of the eligibility condition, we get the Lagrange multiplier for the
decentralized separation condition. Inserting into the equation above gives:

B-@+m—1-BE)  Ags
1+ : T - : : (zstw,t(estW,t) - ZstW,t(es,t))
n, - u'(C)

1 ( B-(@Q+mn-BE)- Ae,t—l) 002, a-h(e)®+¢
1+ . >0

g(es,t) ne-u (E‘t/v 0 Tstw,t fl - hsfw’t(es’t)

Rearranging, we see that the Ramsey planner always wants to choose a looser
eligibility condition

B-Q+mn. BE)- Ae,t—l
1+ T : Zstw,t(estw,t) - Zstw,t(es,t)
n, - u' ()

1 00 4 hle)” + Cf) > 0
g(es,t) a/.L-stw,t }_1 - hstw,t(es,t)

as long as:

( B-@Q+mn.-BE)- Ae,t—l)
1+ > 0

ne - u'(c

Assuming steady state and rearranging, we see that the expression closely resem-
bles the expression for the sufficient condition:

N
+(1+n-BE)- Ay -

n-u'@) -
stw 0 €5

=0
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However, we need to determine Ay. Remember the expression for y :

1 r=F-(r=(1-Q-m-BE)-1-f6) A-Ge))

r= 1 m(0) - u' @) o
1 gm0 (=)

1—n m(0) - u' (&)
1 r=n-fO) - (=A)

1—7 m(6) - u' @)

We know A, but we still need to determine A; to determine Ag.

0
e = gD [y (s hi(E)) — v (E D) +F +k, - 6,]- A - T (cD)
st

—_———
W@

+n - g(gs,t) - (1 —£(6) - Et[kn,t+1]

1—£(6) - k
+ A9,t—1 : g(gs,t) B I:yt(gs,t’ht(gs,t)) _V(ht(gs,t)) +F+ AN F— i|
1—n q(6)
+ A’c,t : g(gs,t) : [yt(gs,t: ht(gs,t)) - v(ht(gs,t)) +F+6,- kv]
+A&-megmw+g
ah (65 ) — /
atg oy (a cap Es,t : hstw,t(gs,t)a T—y (hstw,t(gs,t)) - Tstw,t)] =0
st

=0

Rearranging gives the social value for rescuing matches with productivity & ,.

Et [An,t+1:|
yt(gs,t’ hstw,t(gs,t)) - v(hstw,t(gs,t)) +F+k,-06,+1—f(6)) - W
t

~(1+n-BE) - Ag,
B B 1 t 0,t-1 [yt(gs’t’ ht(gs’t)) — V(ht(gs,t)) +F

n, - u'(c})
S A GRS ]
1-—n q(6,)
_ B ’n'BEt'Ae,t—l ) 1—£(6) ) k,
n. - u'@) 1-n q(6)
_ 1 Ag,t )

_g(gs t) ' n, - u/('é‘t’v) (at ’ ht(gs’t)a + Cf)

We can express the social value of rescuing a worker with productivity &, in
dependence of the social value of rescuing the marginal matches & :
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1 AE .
— . > _ -la, - h ( )a +c —
g(és,t) n, - u’(c‘t’v) ( t t gs’t f)
1 Aet

. ) " -
g(es,t) n - u (Elt/v (at StW,t(es,t) Cf)

B-(1+mn-BE)- AO,t—l
+(1+ .
n, - u' (¢

) ’ (Zt(gs,t) - Zstw,t(es,t))

Higher productive matches must be socially more valuable than less productive
matches. We can see this by the fact: (zt(i sit) —zstw,t(es’t)) > 0. Inserting the La-
grange multiplier for the separation threshold with STW gives:

1 A'E,t ) )
- g(&s0) n W @) (ar- (D% +¢) =

+(1+/3'(1+7)'BEJ'19¢—1) ( 1 on a'hsm(es)a+cf
n - u,(alt/v) g(es) aTS[’W Fl - hstw (65)

+ (zt(is,t) - zstw,t(es,f)))

Using the same procedure as in section H.3, we can derive the Lagrange multiplier
Ag and get the following statement:

9 ofee oe¥
n d +LV . (_af . u) +L; . (Tl . g(es) . €s )

8 estw estw 3 estw

-~

More hours distortion Less hiring More Separations
&%
s

>0
€y

+ (L;' + ztcgs,t) - Zsrw,t(es,t)) ‘n- g(é’s) .

Loose additional workers that could have been employed

The statement must be true by assumption, as

n ofe de¥
o +Lv-(—8f -u)+L§-(n-g(es)- 65)>O

0 €5 Estw 0 €5ty

v
More hours distortion Less hiring More Separations

proving the argument!

case 2: &, <€y < &gy, Assume now that we choose a looser eligibility
condition. The first derivative for the eligibility condition is:

a —_—

t
0 Estw,t v{
—_——

u' (&)

29, 29,

@), —B-(1+n-BE) Age -

0 Estw,t 0 Estw,t
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If we can show that

3 o0
= a’(awyn-a +B-(1+mn-BE)- Ay -

0 €ty Estw 0 €5t

on
> 0

then it must always be better to set a stricter eligibility condition. This is practically
the necessary condition of proposition 3. To show this, we have to calculate the
Lagrange multiplier for the job-creation condition again. Note that we can show
that the Lagrange multiplier for the separation threshold for STW is zero:

el Oh (&) _
= _)\g,t | A h?(gs,t) +c+ e (a Gy ht(gs,t)a 1- vl(ht(gs,t)))
98&s; 9&s; ¢
=0
=0
S Ay =0

Any increase in the separation condition without STW does not affect separations.
Ag = 0 simplifies the expression for y to:

1 r=p-(r—=(1-Qa-n-BE)-n-f(6)) A -G

eIy @) -/ @) Ao
1 r=n-fO) (-2)

1—-n  m@ - @)

Using the same steps as before, we can derive that if

an afee ) R d e‘sge
- +Ly - | — cu|+L: [ n- : > 0
. 0 €5 Y ( 0 €5ty ! s (n gle) 0 €ty

~~

More hours distortion Less hiring More Separations

then the Ramsey planner always wants to set a stricter eligibility condition, which
is the necessary condition from Proposition 3.

case 3: syt < €t

Case 3 describes the situation in which the eligibility threshold is so loose
that it is no longer binding. Firms and workers decide when to enter the STW
system. A looser eligibility condition does not have an impact on the economy
anymore. However, in case 2, we have seen that a stricter eligibility condition will
reduce welfare losses from the use of STW. As a result, case 3 cannot be optimal.
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1.1.6 Optimal Ul considering optimal STW in Steady State

The FOC for the UI benefits for the Ul system with optimal STW is the same as
for the UI system given UL:

0 / ! sw
rr (1—n) - (L) —U'@")

PN | AR VI e e L G R
O R = RN (OB R Ry

What changes again is the definition for A4. To calculate Ay consider first how

we calculate y:

.(1.kv)_'r)—y.(1'kv)

Y1y q@) " 1= 1=y q®
. B (140200 5020) b
1—B-(1—£0) (1 -G€)) n-u@) n

With an optimal set STW system, y can be denoted as:

1 r=B-(r—(-A—n BE)-n-f0) 1-G)

L g m(0) - u' @) Ao
1 G —n-f6)- (—20)
1—n m(0) - u'(c")
1 = fO) - (Aw)
1—n m(6) - u’ (&)

The Lagrange multiplier for the decentralized separation condition in steady state
is:
B-(1+1-BE)-A
e 1+ —omEm o A

@) h—hy(e) | 0T

Further, we need to calculate the Lagrange multiplier for the optimal separation
condition &, = €4, .. To do that, consider the FOC for the eligibility threshold:

0, o0 an
= — A - () n, - t _B.(14+1n-BE) - Ap, - ¢
9 Egtme ;L,l(_tz g Q Egtme po(1+m-BE) Ao 0 €5tz
u' (&)
oh(es.)

— Aswe * | @ - he(es )% +cp +

: (a cdpc €gp ht(es,t)a_l - V/(ht(es,t)))

=0

aes,t

=0
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Rearranging gives an expression for the FOC of the Lagrange multiplier:

_n-u’(EW)+/5-(1+n-BE)-Ag‘ on

)'stw =

a- h(eg,)* + ¢ 0 €ty
- (1 - BE on
= —n-u@)- (1 + po( +/ ?ZW ) -Ag) . /(@ - h(eg)* +cf)
n-u' () 0 €ty

Using our expression for £ and inserting it into the expression for the deviation
of the private and social value of the match gives:

1 Y—/5'(Y—(l—(l—n)-BE)'T)'f(G))-(1—G(es)).A

a-m F6) W@ 0=
/ . . /r)_’)/ .
+F(0) - u ((1_77).(1_” g
B ( /5-(1+n-BE)-/19).9
"Tp a—sen - ad—cen T nu@m n)

1 (1+[3~(1+n-BE)~)L@) 20 Oty Oe,

" 1-mn) - n-u'(e) 'B'L'stw de; Er
1 ' /3'(1+T]'BE)-7L9). on .aestw'
Ta-w (1 T @) Gy 80
with
fl®) = A-7)-q6)
aest'W _ Tl(Y—nf(Q)) . a
3T B _a < hg,, (€)% + o
865 - E_hstw(es)
Je, _ 1 .()/—n-f(Q))-kv. 1 .
00 1—n f(6) a-hsm(es)a+cf v

Next, solve for the Lagrange multiplier of the social value of the match:

SO B N S
o M 96 L(1—-n)-a-p a©
; P .9}
1=p-A-f(6) -QA—Gle)) n

@) 00N 9ty OJe
M 3t Ode, 90
U@) 80 dey,
M e, 06

. g(es) - n

: g(estw) -n
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Define M’ as the inverse multiplier in case of an optimal STW system.

r=B-(ry—=(1—=Q—=mn)-BE)-n-f(®) Q-G

M =
1—-mn)-f(6)
regular ;ultiplier
_ p LA+ n-BE) b gy,
1—f - (1—£(6) - (1—Gle) n n SO

Amplification over tax
p-A+n-BE) 00 Jty, OJe€
n 0Ty, OJe€, 06

v
Amplification over reaction of STW beneftis

B-(1+n-BE) 302 3deg,
n O€yy, 00

v
Amplification over reaction of eligibility condition

Compared to the inverse multiplier of the exogenous STW system, the regular
channel and the influence of vacancy posting on the costs of the UI system re-
main largely unchanged. However, the separation channel now accounts for the
reaction of the STW system. When UI benefits increase, the joint surplus of firms
and workers decreases, leading to a higher separation rate. In response, the STW
system offers more generous benefits, but these benefits distort working hours,
thereby reducing production. The subsidy effect of STW is effectively nullified by
the corresponding increase in taxes, further decreasing the joint surplus of firms
and workers.

Not only does the separation rate rise for firms with access to STW, but it also
increases for firms without access to STW. As a result, the eligibility condition
must be loosened, spreading the distortionary effects of reduced working hours
across more firms. This, similar to an increase in STW benefits, leads to a decline
in production, which in turn reduces the joint surplus of firms and workers.
Again, the paper assumes the inverse multiplier to be positive to guarantee conver-
gence of the steady state. We can abbreviate the inverse multiplier by recognizing
the fact that it captures the general equilibrium effect a change in the surplus or
value of the firm has on the labor market tightness:

gpe _ 1 de* 1 1
s M aJ  1—-n M

Plugging this and the expression for A4 into the FOC for the optimal Ul gives:
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u'(b) —u' (@)

)
Provide additionaTrIncome Insurance
. afee 02 Oty O0€° on 0€,
+"'(_ab'”)+ " ar. Ge. a T " e, @b
Less Hiring STW Benefits increase to counter Separations Looser eligilﬁﬂty condition

Let Ly denote the social value of an additional hire:

Ly = - + 2
(1-n)-0—p) qO 1—-p-A—f(0)-1—-G()) n

Further, note that most of the right-hand side of the optimal UI benefits denote
the first derivative of the value of the firm to an increase in UI benefits:

aJ o u' () n R _ -u’(b) _n
o~ A= [(u'(EW)+1—n) BE ((1 ) ey " 1—n)]

Further, denote:

afee . 20% 3J
— u = f(O) - -u- L2
5w = O u oy
del _ 3J 96% (_865)

ob  8b 48J 206

o, 9] 26% (_aem)
b ab  aJ 30

We can also reformulate the optimality condition for UI benefits under an optimal
STW policy to align it with the expression for the optimality condition of UI with
a non-optimized STW system. To do this, note that

3
80 Ot 8 _ n- g dey. 2
0Ty Oe€g Ob n'g(es)'aiis 2 9b
de¥
= Ly -n-g(e) 812
and
3
. an 0e, B ”'arzw " ale) des’
de., 0b  n-gley S 5y
oes,

= LETW ‘1 gleg) - b
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Therefore, we can rewrite the condition as:

u'(b) —u' (™)
u’ (")

v
Provide Income Insurance

ofe de¥ ded,
= Ly- (— 8fb . u) +Ly - (n - gley) - %)-FLETW . (n - gl€gy) - 8btw)

H_/ ~ T
Less Hiring More Separations More Workers on STW

(1—-n)-

Appendix 1.) Lemma 1

(i). The welfare costs of STW can be denoted as:

Estw,t

0, = (&) —v(he(€) — Yt (€) + v ( Py (€)) 1dG(€)

€t

From Nash-Bargaining, we can infer:

yt(estw,t) - v(ht(estw,t)) - [ystw,t(esm,t) - V(hstw,t(estw,t))] > 0

Note that in Nash-Bargaining h.(€y, ) is chosen to maximize y;(€sy,)—
v(h(€spw,)). And hgp, (€4 ) is chosen to maximize y; (€4 ) — V(A (€ )) + (h—
P (€sw.e)) * Tstwe- As long as T, 7 0 we get hy(€y ) 7 hspy(€5np). Thus, the
first part of the equation must be larger than the second, which fulfills the condi-
tion. This implies that £2, > 0

(ii). From the derivative of the welfare costs for the STW benefits:

Estw,t ah (6 !
ath _J‘ L) . (a -a; € hstw,t(e)a_l . V,(hstw,t(e)))dG(e) ; 0
€

0 Tstw,t d Tstw,t

st

Using the optimality condition for the hours choice on STW, we can rewrite the
equation to:

an st 9h € |
t — _f Lt() . Tstw,t . dG(e) ; 0
€

0 Tstw,t d Tstw,t

s,t

Since the derivation of the number of hours worked for the STW benefits is nega-
tive for a < 1
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Ohgpy ¢ (€) _ 1
ot B — a2 — vl
stw,t a-(a—1)- a - € - hstw,t(e) 1/" : hstw,t

for a € (0,1) and ¢, €,hy,, (e) > O

<0

and the STW benefits 7, , need to be positive, we can conclude that the deriva-
tion for the welfare costs of STW must be positive.

(iii). First, note that if we loosen the eligibility condition, then we loosen the
eligibility threshold. The relationship is implicitly defined as:

D = hy,(€x)

Using the implicit function theorem gives:

0
Cstw _ _ : L > 0
aD R (€se)

From the derivative of the welfare costs for the eligibility condition:

o9,

d Estw,t

= (yt(estw,t) - v(ht(estw,t)) - [ystw,t(estw,t) - V(hstw,t(estw,t))]) : g(estw,t)
>0
& Yil€gow,) — v(h(€gp,)) — [ystw,t(esm/,t) - V(hstw,t(estw,t))] ; 0

As argued in (i), this equation must hold due to the Nash-Bargaining set-up.

(iv). Using our result from (iii), it follows:

220, ahstw,t(eesm,’t)
2 2 = - 2 Tstw,t 'g(esrw,t) >0
Tstw,tO Estw,t Tstw,t
—_———
>0

Appendix 1.K Corollaries

All corollaries are under the ceteris paribus assumption. For the corollaries, ceteris
paribus implies that separation rates and job-finding rates are seen as exogenous.
Therefore, all results have to be interpreted as partial equilibrium results.
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Corollary 1. The fiscal externality on hiring is defined as:

FE = L ~[b+1_n-b]
T 1-B-(0-Gle)-0-hH n

Using the law of motion of employment, we can derive the steady state employ-
ment rate:

_ f
ST G\

Rearranging the fiscal externality and setting the discount factor to 1 gives:

FE = ! b
T f+Ge)-A—f n

Multiplying and dividing by f recovers employment in the employment rate in the
equation:

f f+Ge)-(A—f) n

Inserting the employment rate gives:

FE = b
f
This proves Corollary 1.

Corollary 2. The optimal STW benefits can be denoted as:

T f— 1 .( 1_f T
M h—hy,e) \1—-B-(1—=G)-1—f) n

an
n- 0T ~
- e, —BE)
negled - (—5)

Without risk aversion, the bargaining effect is zero: BE = 0.

. 1 ( 1—f _
M h—hg,(e) \1—B-(1—G(e)) - A—f)

S|

N

n: 0T )
n .g(es) . ( Je )

0Ty
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Note that the working hours distortions do not depend on the job-finding rate.
Thus, we can simplify notation to:

= — L p-(1-) b
T h—hg,(e) 1—B-A—G))-1—f) n

C denotes a constant that does not depend on f. Note that the steady state em-
ployment rate gives:
1 1—f b
Tstw = 7 : . —C
h— hstw(es) 1-— ﬂ (11— G(es)) (1 _f) Tl(f)

Taking the first derivatives gives:

OTaw 1 . 1+B-0—-G(€)) - f b
Of  h—hg(e) [1—f-(1—Ge)) - 1—HF n)
B-(1—f) ,
1-B-(1—-G(e))-A—f) n(f)?

-n'(f) > 0

The first term reflects how much longer a worker laid off this period will remain
unemployed due to the decline in the job-finding rate. The second term highlights
that lower job-finding rates not only decrease employment but also increase the
fiscal burden on the UI system, as more workers remain dependent on UI benefits
for extended periods:

. G(e,)
T (f+Gley) - (1—1))2

n'(f)

We can conclude that UI benefits must rise after a fall in job-finding rates.

Corollary 3. Without risk aversion, the bargaining effect is zero: BE = 0. The
optimal STW benefits can thus be expressed as:

T 1 .( 1_f . o—_—
T h—hg,(e) \1—B-1—=Gl)-(1—f) n

The first derivative is:

o7, 1 220 Je,
o= —c / —g(es) - <0
oD h — hy,,(€,) 9 Tsw0D 0 Ty
~———
>0 >0

Increasing both STW benefits and eligibility condition increases the distortionary
effects of the STW system. STW benefits have to be chosen stricter.
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Corollary 4. Tb.ss.:b=0andn=7 = 74,=0

We proceed by guess and verify. Guess that 7., =0. Then we know that
the welfare costs of STW are zero, and so are its derivatives for the STW benefits

Estw oh
an :_J L(E)'Tstw'dG(f)zo
€

0 Tow 0T

and the eligibility condition:

20 _ e,
oD 3D

- (y(esn) — V(€)= st (Esen) — V(hgty (€5))]) - g(Esty) = O

as hg,, (€;) = h€,). Therefore, we can imply that the welfare cost penalty of STW
must be equal to zero:

on Je, _
e e ()] =

Further, it is trivial that the fiscal externality of the UI system on separations with

b =0 is equal to zero:
1—f)-FE =0

Finally, we have to look at the bargaining effect. Appendix 1.B shows that the
bargaining effect depends on the Lagrange multiplier of the value of the firm. We
can write the Lagrange multiplier as

AQ = LV +LS +LSTW
with

1 - 1 k
Ly = — - n-r +—. FE |

Fiscal Externality

v
Deviation from Hosios Condition

de; Tgw 0N

IS = n- T Gk IR . LAy ) V/
n-gle) - u(c) aJ € afsm/
. OD 80
Leyw = n-g(eg,) - u'(C )'E'a—D/ !

When 71 =y, then the Hosios condition is fulfilled. Further, b = 0 implies that FE =

0; thus, we can conclude that vacancy posting must be efficient, L, = 0. Further,

we already established that for 7, = 0 STW does not distort the economy: aiﬂm =

0 and g—g =0 implying that there are no inefficient separations LS =0 and the
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eligibility condition does not cause any inefficiencies Lgry, = 0. From this, we can
infer that

BE = 0

Looking at the formula for the optimal STW benefits
an d -
(a=pm=|n 22 |/[n-gte) (—o )] - 8)
9 Tstw O Tstw

and given the fact that the fiscal externality on separations, the welfare cost

IS
h — hy,, (€,

Tstw

penalty of STW and BE are zero, we can infer that T, is zero, verifying the
initial guess.

Corollary 5. The optimal eligibility threshold is implicitly defined as:

1—-n q

S(Estw) = y(estW:h(estw)) - v(h(estw)) + F + =0

Inserting the continuation value of the match gives:

y(€w) — v(h(esm)) +F
+B-A—n-H
| [ y(©) = v(h(€)dG(e) — 2+ Gle)) - F — 1 — v (b) + SR ®
1-=B-Q—=n-- Q-G

Note that also the consumption equivalent ¢* depends on the UI benefits b. The
relationship between the consumption equivalents and the UI benefits is implicitly
defined by:

u(@™)
u' ()

= nU y(e)—V(h(E))dG(e)—Q—l%-b+(1—p)-9-kv)
B

n-&+0Q-mn)-

u(b)
u'(cv)

+(01—mn)-

Using the implicit function theorem, we can derive:

B-(1—nf) 1-—n u' (b) / u" (@) u(@)—u(b)
O€gy _ 1=B-0—nPH-(1—G(,) (T b+ geey —c®)- (_ u'(aw)) CR) )
ob Sl(esrw)

By assumption, the denominator must be positive: S’(¢e,,). An increase in produc-
tivity usually increases the joint surplus. In the particular case of a looser eligibility
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threshold, it can be that the extra distortionary effects dominate the increase in
the joint surplus:

p-(—n-f . 2%
1-B-(1—n-H-1A—-G) ey

S'(estw) = A~ €y - h(Epy)® + ¢ —

However, in a calibrated model, this seems to be unlikely. The nominator must
be unambiguously positive. An increase in the UI benefits should always lead to
a reduction in joint surplus and thus increase separation incentives, in this case,
without access to the STW system:

Lo, O () U )
n u’(€(b)) u’ (V) u'(ev)

_1—-n u'(b) e (. 1-nm L u'(b)
= Tweony P ( n— t e u'(e(b)))

_ pm . LTy a4
= (140 BE) =+ (1= (1 =) BE) - s >

Note that we have seen in appendix 1.B that BE < ﬁ Thus, the expression must
be positive, proving that higher UI benefits will loosen the eligibility threshold
and thus the minimum hours reduction condition:

oD Des_tW

b e, b

Next, we look at what happens when we offer more generous STW benefits. Sup-
pose the government wants to impose the STW threshold €. Then we know that
we need to set the following minimum hours reduction threshold:

D = hgy,(€gn)

When the government decides to reduce working, then we need to keep the eligi-
bility condition stricter:

D _ Bhulew) _

0

O Tspw O Tgy
We have already shown that in Lemma 1.
Corollary 6. The steady state budget constraint is:
Estw

n-t; = (1—n)-b+n-J Tonw * (0 — Ry (€)) - dG(e)

€s
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Rearrange for the lump sum income tax:

1—n)
Ty =

. -b+JS Toow - (R — Ry, (€)) - dG(€)

Insert optimal eligibility condition and STW benefits:

&g
) 'b+J R ha® (q_py . pE— - BE)dG(e)

n  h— hg(ey)
with
. on de;
0 = [n- arsm}/[n-g(es)'(—a%m)]
Set f =1:
(1—-5) S h—hgy(e) (1—f .
= -G(eg) - b+ — . -b— 2 —BE |dG
e J o (5 Jaso
Note that
—Zl_h“w(e) <1
h — hg, ()

Less hours reduction makes rescuing a job at risk less expensive than rescuing the
marginal match. It must therefore apply:

T, < 1fo - G(ey) - b+ (G — G(ey)) - (2 + BE)
= G(&y) - 1% b —(G(&) —Gley) - (2 + BE)

v
— Costs saved with STW
Costs of Ul system without STW

Ceteris paribus UI combined with optimal STW must be less expensive a Ul system
only.

Appendix 1.L Derivation Optimal STW Policy under Lump Sum
Taxation

The argument for the minimum value condition for STW is equivalent to the one
of the proof for Proposition 2 and is not repeated here. Under lump sum taxation
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and without risk aversion, the problem of the planner changes to:

(e0)

Wf = max ng Ly (e) — v(ht(e)) 1dG(e) — n, - 2,

Qtaes,trestw,tsht(e)rrstw,t %t

—n-p F=6,-1—n+p,-n) -k, +p 'Et[WfH]
Set:
'%t = [es,t: estw,t] U [‘Es,t: OO)
Law of motion of employment:
Ny = A—p) n+f(0)  A—n.+py-ny)

Job-Creation Condition:

1 k, _
1—mn,q(6,)

B - Et(f Wer1(e) —v (ht+1 (6)) 1dG(e)

+ J . D’stw,t+1 (e) — V(hstw,t+1 (6)) + Tstw,t * (Fl - hstw,t(e)) 1dG(e)

1— 1 - O4p - (0 k
bt py (B + (1= pp - 2 O 1 90O) K )

1 =1 q(641)

Separation Condition with STW:

ysrw,t(es,t) - V(hstw,t(es,t)) + Tsowt * (i_1 - hstw,t(es,t)) (1.L.1)
+F+1—m'9t'q(9t)_ k, _
1—mn, q(6)

Separation Condition without access to STW:

1_77t'9t'q(9t)_ k,

YD) —v(h (D) +F+

1, O
Welfare costs of STW:
02, = ’ [y (e, h(€)) — v(he(€) — ¥ (€, hopy, (€)) + v (M 1 (€)) 1dG(E)

Separation rate:

Pt = [maX{G(gs,t) - G(estw,t):o} + G(es,t)]
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For the same argument as in the main model, we make the assumption that the
eligibility threshold must be at least as generous as the separation threshold of a

firm without access to STW:

Estw,r = gs,t

1.L.1 Optimal STW benefits Steady State

First, we derive the optimality condition for the STW benefits:

0 a'Qt Esowr
= — . + A - h _ h dG
afstw,t e a’tstw,t 0,t-1 J;S’t ( stw,t(e)) (e)
- 2’6571- ) (E' - hStW,t(es’t)) =0
1 0 ‘Qt Estwt
= A = — | —n, - R h—h (6) dG(E)
oot h — hy  (€5p) ( t 3 Tt 6,t—1 J;st ( stw,t ) )

The optimality condition for employment can be written as:

oo

— = . (e) —vh(eN]— 2 —p F+ (A —p,) -6, -k,
By

- ln,t +B-1Q—6,-q6)) -1 —py) 'Et[)\'n,t+1:| =0

Correspondingly, the FOC for the labor market tightness is:

)
30 :—(1—nt).kv+ﬁ-(1—nt).(1_Y).q(9t).Et[An,m]
t
1_nt Q(ef) ’ Qt
1 Y
+ . — k . 1— _A _ —A _A, — 0
1—mn, (Qt.q(gt) 77[) v (( P - Ao €t Csl,t)

Rewriting the optimality condition for the labor market tightness gives:

1+xt) k,
-E.l A = .
Bl = (122 2
With

1 1 1
1-n, 1—m 6,-q(6)

. ((1 — G(Gs’t)) : A9,t—1 - Aes,t - Acsl,t))

X = (Y Ao —(r—16,-q6) )
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Finally, we can derive the FOC for the separation threshold:

d

de = (ystw,t(es,t) - V(hstw,t(es,t)) - F) . g(es,t) * N
S,t

- A’n,t - (1 —=f(6)) - glegy) - ny
- Ae,t—l : (ystw,t(es,t) - v(hstw,t(es,t)) + (}_1 - hstw,t(es,t)) * Tstwit
1—6,-q00) - n, k, )
. . (e )
17, q(6) ) &
- Ae,t : [at : hstw,t(es,t)a + Cf]
= _.ystw,t(es,t) + v(hstw,t(es,t)) —F
- An,t

+F+

a - hstw,t(es,t)a + ¢

n. - g(e,)

— Ay -

Using the optimality condition for employment and the labor market density, we
can derive the optimal vacancy posting condition:

1 1+ -k, o2
. ( Xt) =p Et[f (yt(e) — v(ht(e)))dG(e) — 2+ pp- (_F)]
1—y q: B,

+p -Et|:(1—pt) Aorfint (U fn) zen | K, ]
I—y Qe+

Likewise, we can derive the optimal separation decision by plugging the optimal-
ity condition for employment and the labor market density into the optimality
condition for the separation threshold.

ystw,t(es,t) - V(hstw,t(es,t)) + Aes,t : (at : hstw,t(es,t)a + Cf) +F

11—y 1—f)-
) v fo+ (1—1) ko (1.1.2)

1—y q;

Next, we deduct the decentralized job-creation condition from the optimal vacancy

posting condition:

_ 1 kv Estw,t _
(Xt o, Y) , Ky J (7 — hyy (())AG(E) - Ty,
1-— Nt 1-— Y qe €

s,t

77t+1_Y)' 1 k, :|

+ B 'Et[(l - G(es,r+1)) (1= fee1) - (Xr+1 - 1— 101 1—7 : Qeet
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Likewise, we deduct the decentralized separation condition from the optimal sep-
aration condition and rearrange it for the STW subsidy:

h 1—G(e,,)
Tstwt * (h - hm"/,f(e)) = Ae,t ' (at ’ hstw,t(es,t)a + Cf) ' T(es:)
p— 1 kv
+A—f)- (xt -k Y) : A (1.L.3)
1-nJ 1-7v ¢

Plugging equation 1.L.2 into equation 1.L.3 and iterating forward gives:

1— G(es’t)
n. - g(es,)

%) j Estwt
+ T 18 - Q—fiuin) - @ = Gleg ) -[ij—J (h—hsm,t(e))-nm,t]

j=1 | i=1

Tstw,t * (}_1 - hsrw,t(es,t)) = Ae,t : (at : hstw,t(es,t)a + Cf) :

s,t

Inserting the Lagrange multiplier A, and using the implicit function theorem so
that:

95 (Estw,t)
a - hstw,t(es,t)a + ¢ Degy 1
= = = — > 0
J— aSitw [(EY t) 36 t
h — hgpy 1 (€) T >
’ Tstw,t 0 Tstwit

gives:

Tstw,t * (}_l - hstw,t(GS,t)) =

n on Estw,t
t t _
|: 1- G(es,t) d Tstw,t 0.t-1 Je ( SfW,f(e)) (6):|

st

1 1—G(e;p)
Ot g(es,t) c

Tstw,t

+Z[]_[/5 (1 —ferin) - (1= G(esm))]

J

j=1
stw,tJr] _
beyj— (h - hstw,H—j(e)) * Tstw, e+ d€

s S+

Assume that the system has converged to its non-stochastic steady state, then the
STW subsidy can be expressed as:
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Tstw * U_l — hy(€5)) =
(11— Estw _
B ( f) . (b — f (h — hy,, (€))dG(e) - TstW)
1-6-(1-Gley))- A - e

~
FE on Separations

S

1 o0 |, JOeg
g(es) 8 Tstw a Tstw

v
Utility cost of using STW

AG Estw _
ok L (h — hy, (€))dG(e)/

Je,
T

astw

v
STW increases depressed vacancy posting

This completes the proof of Proposition 6.

1.L.2 Optimal Eligibility Condition
First, let us form the FOC of the eligibility threshold:

) o0,
=—n

+ Ae,t—l : [Jstw(estw) - J(estw)] 'g(estw,t) - )'csl,t =0

0 Estw,t d Estw,t

According to the Kuhn-Tucker conditions the Lagrange multiplier must be zero
A, =0 if the condition is not binding €, > &, or negative A, . <0 if the
condition is binding €y, = &; :

a0
2 _ {Ae,t—l : [Jstw,t(estw,t) _Jt(estw,t)]_ aem;’t < 0, for Estw,t — gs,t
csyt T

0, for Estwr = gs,t

If the condition is binding, we get the same eligibility condition as in the model
with lump sum income taxes. If it is not, then we get a trade-off between hours
distortions and increasing joint surplus of firms and workers to stimulate vacancy
posting and reduce separations. To see this in the formula, we need to derive the
Lagrange multiplier for the job-creation condition A4. We follow the procedure
from Appendix 1.1.

The deviation from optimal job-creation condition in steady state can be

denoted as:
n—r). _1 'k e
I-m/) 1-v ¢ e,

+/5.(1—G(es)).(1_f).(x_g).L.kv
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Rearranging for y gives:

_n-r 1 e |
(A P SR B o (b f (h — Ry, (€))dG(e) TW)
1k
X . —
I-r ¢

From the optimality condition of the labor market tightness, we can derive a
second expression for y :

1 - 1 _ 1
1—=n 1—m 6,-q(6)
: (Y : Ae,t - (Y —6,-q06,) - m) : ((1 - G(es,t)) : Ae,t—l - Aes,t - Ags,t))

Xt =

Since we want to isolate Ay, we need to find expressions for the Lagrange mul-
tipliers of A, ; and A¢ . The Lagrange multiplier for the separation condition of
firms with access to STW can be denoted by:

1 20, f Somit )
A = —— | n,- — Qg1 h — hy,, (€))dG(€)
€.t h— hgtw’t(es’t) ( t , =1 .. ( Stw,t )

Next, we can form the FOC for the separation threshold without access to STW
benefits:

a —
ags,t
A Alcsl’t = Ags’t ’ (at : hS[’W,t(gs,t)a + Cf)

Acsl,t - )Léfs,t : (at : hstw,t(gs,t)a + Cf) =0

This allows us to calculate the Lagrange multiplier for the separation threshold of
firms without access to STW. Note that we have a Kuhn-Tucker problem, so that
Ac,r and this A¢ ;. require a case distinction:

02
Ae,t—l : [Jsrw,t (Estw,t)_Jt (Estw,t) ]__[

Estw,t
A = (at'hsm,t(fsnm,t)a"'cf)
Eot
0, for € > &

, for Estwt — gs,t

This can be rewritten using the indicator function:

]]-{estw,t = gs,t}
(at : hstw,t(estw,t)a + Cf)

an
Ags,t = : (Ae,tq : [Jstw,t(estw,t) _Jt(estw,t):l — 1 - )

d Estw,t
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In a next step, we can set both expressions for y equal and insert our new expres-
sions for the Lagrange multipliers:

1 r=p-(r=mf6) a-6)
1—n £(0) - @) v

n—y k,
= (1—=v)-u-q(d) - .
(1=7)-u-ql6) ((1—}’)-(1—?7) 90

ﬂ . B Estw B .
Tz B-A—p)-1—p (b L (h — hyy, (€))dG(€) Tsm))
1 (r—=m-f0) -k, 1

1—-7m  f(0) -uw (™) h — hy, (€))

'(M'JS (7 — hyoy(€))dG(e) — 1 - aa” )

Sstw
1—1n £(0) - u' (&) a - gy (Egp)® + ¢
20
: (Ae W) = ICes)] — 1 )

9 €stw

Using the implicit function theorem, we can denote:

aTstW:_ 1 _(Y_”")'f(e))'k. 1

a0 1—-n fO)-w@) 7 h—hg,(e)
aesth_ 1 .(Y_n'f(e))'k. 1

a0 1-n f&)-wew) (a - Ay () + cf)

Further, note that

1-7)-q6) = f(6)

This allows us to solve for Agy:

A :fw*“.( n-r .k
0 M A-1)-A—m q)

/5 _ Estw _ B .
Ttz B-0—p)- Q-5 (b J;S (h — hg, (€))dG(e) Tstw))
n 0ty, 002

M 30 oty

n OJe an
1 = L s .
Hllew = 6 i 0t G
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Here, M denotes the inverse multiplier:

1 r=B-(r—n-f®)-0-Gl)

M = k
1-n f6) - v (@) '
27, Coow
+ 8—9“” : J (h — Ry, (€))dG(e)
Je,
+ a_@tw : [Jsm/(esm/) _J(estw)]

This is nothing else but the general equilibrium effect, that an increase in the
value of the firm has on the labor market tightness:
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This changes the expression to:
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This simplifies the expression for the Lagrange multiplier of the job-creation con-
dition to:
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Simplifies to:
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then e, > €; cannot be optimal, and the social planner would want to choose
€sw = €. Otherwise, the planner can set €, so that
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This is the condition from Proposition 3.

Appendix 1.M Derivation Optimal Layoff Taxes

In this exercise, we swap the STW system with a layoff tax. The Ramsey planner
chooses the layoff tax 75 subject to the labor market equilibrium.
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Income Insurance contract:
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Similar to Appendix 1.I, we can derive the constrained efficient job-creation

condition:
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Following Appendix 1.I we can derive a condition that expresses the deviation
of the decentralized job-creation condition from of the constrained efficient job-
creation condition in steady state and call it deviation from optimal job-creation
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condition.
( n—}’) 1 k,
X— - .
1-nm) 1—vy q(6)
_ B .(1+ﬁ'(1+n-BE)'7L9)'9
T 1-B-(—£(0)-Q—Ge) n-u (@) n

Following Appendix 1.I, we can also derive the constrained efficient optimal
separation condition:
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Imposing steady state and subtracting the decentralized job-creation condition lets
us rearrange for the optimal STW subsidy.
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Inserting the deviation from optimal job-creation condition gives:
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Forming the first derivative for the optimal layoff tax gives:
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Note that it sets the Lagrange multiplier for the decentralized separation condi-
tion to zero. This means that the layoff tax can impose the optimal number of
separations. Applying this gives the result from Proposition 7.
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Chapter 2

Optimal STW Policy and Labor
Misallocation

2.1 Introduction

Short-time work (STW), a subsidy scheme conditional on reduced working hours,
has become the primary labor market instrument in Germany to prevent job losses
during economic downturns. It was used extensively during both the COVID-19 cri-
sis and the Great Recession, with peak participation rates reaching 18% and 5.5%
of the workforce, respectively. During the COVID-19 crisis, the scheme was also
adopted by other major European economies. For instance, in France and Italy,
31% and 35% of workers, respectively, entered STW schemes, with the OECD av-
erage reaching 20.1%.1

While STW is widely recognized for its effectiveness in mitigating job losses, con-
cerns have risen about unintended side effects as the program’s scope has ex-
panded. A particularly prominent concern in both academic and policy debates
is that STW may hinder the reallocation of workers from unproductive to more
productive firms. Cooper, Meyer, and Schott (2017) argue that this misalloca-
tion problem was a key reason why Germany’s recovery from the Great Recession
lagged behind that of the United States. This paper investigates whether the labor
misallocation problem persists when STW is set optimally and explores how the
policy should react to it.

To address this question, I develop a search and matching model of the labor mar-
ket with Diamond-Mortensen-Pissarides type matching frictions (see Mortensen
and Pissarides (1994)) that incorporates endogenous separations, flexible work-
ing hours, and generalized Nash bargaining and calibrate it to US data. In the
model, firms are subject to either transitory shocks, characterized by a high prob-

1. Fitzenberger and Walwei, 2023.
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ability of recovery, or permanent shocks, which have a low probability of recovery.
The unemployment insurance (UI) and STW system are funded through lump-sum
taxes on firm production. In this setting, the government aims to provide gener-
ous per period subsidies to firms facing transitory shocks to prevent unnecessary
separations, while limiting support to firms with permanent productivity shocks to
encourage efficient worker reallocation. It is assumed that the government cannot
directly observe the persistence of a firm’s shock.

When looking at optimal STW policy, the Ramsey planner faces a trade-off: gen-
erous STW benefits may lead to excessive retention of workers in permanently
unproductive matches, while insufficient benefits risk premature separations of
temporarily unproductive matches. I find that the optimal STW policy aims to
minimize the welfare losses associated with both excess retention and premature
separation. It does so by weighting firm types according to how many matches
a change in STW benefits can preserve for each type, and adjusts the level of
benefits accordingly. Quantitatively, the results suggest that optimal STW policy
can mitigate a large share of welfare losses due to misallocation of workers.

When the government has reliable information about which jobs are at risk, it
can even improve the outcome by using the time a worker spends on STW as
a screening device. By reducing benefits with time spent on STW, the planner
encourages separations in firms with permanent shocks, promoting reallocation.
In contrast, when information is scarce, the government can use the extent of
working hours reductions as eligibility condition. This type of eligibility condition
naturally works as screening mechanism that helps target low-productivity firms.
At the same time, it screens out firms with permanent shocks, making a declining
benefit schedule unnecessary.

In more detail: Following Braun and Briigemann (2017), Teichgriber, ZuZek, and
Hensel (2022), and Stiepelmann (2024), I justify inefficient separations through
the fiscal externality of the unemployment insurance (UI) system.2 In settings
with risk-averse workers and incomplete markets, the government faces a well-
known trade-off: On the one hand, it aims to insure workers against income loss
through generous UI benefits. On the other hand, higher UI benefits increase the
worker’s outside option, thereby discouraging vacancy creation and resulting in ex-
cessive job separations. To mitigate these distortions, STW schemes offer subsidies
tied to reductions in working hours. This allows firms to lower labor costs with-
out severing employment relationships, especially during temporary downturns in
productivity.

2. Other mechanism of STW discussed in the literature entail the flexibilisation of the
intensive margin (see Balleer, Gehrke, Lechthaler, and Merkl (2016) and Cooper, Meyer, and
Schott (2017)), or financial constraints and wage rigidity (see Giupponi and Landais (2018))
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This paper examines how to address the fiscal externality of UI systems with STW
when firms are subject to both transitory and permanent productivity shocks. To
eliminate all inefficient separations induced by the UI system, I show that STW
benefits must be set such that the expected total transfer a worker receives on
the STW system equals the expected UI benefits the worker would receive upon
separation. This ensures that UI benefits do not generate incentives for premature
separations. Since workers are ex-ante identical, they all face the same expected
UI benefit upon separation. However, firms differ in their probability of recov-
ery. Workers in firms experiencing permanent productivity shocks tend to remain
on STW longer. Consequently, optimal per-period STW benefits must be lower in
firms with low probability of recovery than in firms with a high probability of
recovery.

Governments face an asymmetric information problem: they cannot directly ob-
serve whether a firm has a high or low probability of recovery. Interestingly, short-
time work (STW) systems contain an inherent mechanism that helps mitigate this
issue. Firms experiencing transitory productivity shocks are generally more willing
to reduce working hours than firms facing permanent productivity losses. Because
STW subsidies are typically linked to the extent of hours reductions, the system
implicitly channels more generous support to firms with temporary shocks. As a
result, STW naturally targets firms with transitory shocks, offering them higher
subsidies.

Quantitatively, I find that while STW systems alleviate the welfare costs associated
with worker misallocation, they do not eliminate them. STW still under-subsidizes
firms with permanent productivity shocks and over-subsidizes firms with perma-
nent productivity shocks. Further, although linking subsidies to reductions in work-
ing hours helps target firms with transitory shocks and partially addresses the
misallocation problem, it introduces a significant drawback: it distorts firms’ in-
centives, encouraging inefficient reductions in hours worked. This distortionary
effect has been extensively discussed by Burdett and Wright (1989), Cahuc, Kra-
marz, and Nevoux (2021), and Stiepelmann (2024).

When choosing the optimal STW benefits, the government thus faces two chal-
lenges. On the one hand, it must address the distortion of working hours. On the
other hand, the government still faces a misallocation problem. Setting benefits
too generously leads to excess retention in permanently unproductive firms, im-
peding efficient labor reallocation. Conversely, setting benefits too low results in
premature separations from firms with transitory productivity shocks.

Analytically, I show that optimal STW benefits can be derived through a three-step
procedure. First, the government computes the hypothetical optimal STW benefit
for each firm type — specifically, firms facing either transitory or permanent
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productivity shocks. These type-specific benefits reflect the trade-off between en-
forcing an efficient separation threshold for the firm type and limiting distortions
to working hours induced by STW. This is done by setting the STW benefits below
the transfers needed to implement the efficient separation threshold. Second, the
government assigns weights to each firm type based on the sensitivity of match
survival to changes in STW benefits. Greater weight is given to firm types for
which marginal increases in benefits lead to the preservation of more employment
relationships. In the final step, the government sets a uniform STW benefit level
such that the weighted average of the hypothetical type-specific transfers matches
the transfer provided under the actual STW policy. This procedure ensures that
the system minimizes welfare losses arising from both excess retention and pre-
mature separation.

Quantitatively, I find that STW is highly effective in mitigating the welfare costs
associated with worker misallocation. In fact, the welfare losses arising from mis-
allocation are an order of magnitude smaller than those resulting from distortions
in working hours. This suggests that while STW succeeds in addressing the misal-
location problem to a significant extent, the primary source of inefficiency in such
systems stems from their impact on working hours.

Depending on how the government designs the eligibility criteria, the STW sys-
tem can be tailored to further reduce the welfare costs associated with worker
misallocation. I distinguish between two cases. In case 1, the government is able
to credibly verify whether a firm intends to separate from a worker. In practice,
governments require firms to submit financial records or other documentation to
demonstrate economic distress. In case 2, the government cannot credibly infer a
firm wants to separate from a worker. Instead, eligibility is determined by whether
the firm reduces working hours below a specified threshold. Almost all STW sys-
tems employ this kind of eligibility condition.

In case 1, the government can rule out windfall effects. It restricts access to STW
to only those firms that cannot survive without STW support. In this case, it is
optimal to reduce STW benefits over the duration of time a firm spends in the
program. The reasoning is straightforward: firms facing transitory shocks tend to
recover and exit the STW system more quickly, while those with permanent shocks
remain on it longer. As a result, the share of permanently unproductive firms on
STW increases over time. To encourage the reallocation of workers from these
firms to more productive ones, the government finds it optimal to reduce STW
benefits gradually.

In case 2, the government lacks reliable information about separations. However, it
can apply a minimum hours reduction threshold as eligibility condition. As shown
by Teichgriber, Zuzek, and Hensel (2022), reduced hours serve as a screening
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mechanism for low productivity. The intuition is straightforward. When firms are
highly productive, reducing working hours is costly because it leads to a sub-
stantial loss in output. In contrast, when firms experience a temporary decline
in productivity, it becomes more attractive for both firms and workers to reduce
hours to save on disutility of labor.

In addition to this mechanism, I find that the minimum hours-reduction thresh-
old helps differentiate firms experiencing transitory versus permanent productivity
shocks. Firms with transitory shocks are more willing to sustain productivity losses
due to their higher likelihood of recovery compared to firms facing permanent
shocks. Consequently, they are also more willing to reduce working hours before
resorting to layoffs. By imposing a sufficiently strict hours-reduction requirement,
the government can effectively exclude firms with permanent productivity shocks
from STW eligibility.

When setting the eligibility condition for STW, the government faces a trade-off.
A loose condition includes firms with permanent productivity shocks, but leads to
windfall effects among many temporarily unproductive firms that would have re-
tained workers even without STW support. A strict condition, by contrast, screens
out permanently unproductive firms, including those that the Ramsey planner
would want to support with STW benefits. The optimal choice depends on the
relative share of firms with transitory versus permanent shocks in the economy.
Quantitatively, I find that if more than 30% of firms face transitory shocks, the
government prefers a strict eligibility condition. In this case, a declining STW ben-
efit schedule becomes unnecessary, as low-productivity firms have already been
screened out.

Finally, the model offers first insights into how STW policies should be optimally
adjusted during periods of structural change. Consider a situation in which certain
sectors experience declining demand or face obsolete business models, while oth-
ers are expanding. In the model, this corresponds to a rise in the share of firms
experiencing persistent productivity shocks — both positive and negative. The op-
timal policy response depends critically on how the government has designed the
STW eligibility criteria.

If the government can credibly restrict access to firms that would otherwise have
separated from their workers, then optimal STW benefits should decline in re-
sponse to structural change. A higher share of firms with permanent negative
productivity shocks raises the costs of retaining workers in unproductive jobs. Re-
ducing STW benefits in this context fosters the necessary reallocation of labor to
more productive uses.

By contrast, if the government relies on a minimum hours reduction threshold to
determine eligibility, the optimal response depends on the intensity of the struc-
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tural change. Suppose that in normal times, the economy has a high share of tem-
porarily unproductive firms, and the existing threshold already screens out most
permanently unproductive firms. In this case, a modest increase in permanent
shocks requires no policy change. However, if the shift is substantial — leading
to a significant rise in the number of firms with permanent productivity losses —
then the government may need to loosen the eligibility condition to accommodate
these additional firms. In such a scenario, optimal STW benefits should fall sharply,
as the system must now contend with a higher risk of inefficient worker retention
and additional windfall effects among temporarily unproductive firms. Note that,
according to this theory, the government should adjust STW policy during struc-
tural change in a manner that is the exact opposite of what Stiepelmann (2024)
recommends for recessions. While a recession calls for more generous STW ben-
efits combined with stricter eligibility condition, big structural change shift may
require a reduction in benefits and a relaxation of the eligibility condition.

Literature. The literature highlights three primary side effects of STW.? First,
STW distorts working hours. As the level of STW subsidies rises with reduced
working hours, matches opt for lower working hours to gain additional benefits.
Burdett and Wright (1989) and Van Audenrode (1994) discuss these effects in an
implicit contract model. Cahuc, Kramarz, and Nevoux (2021) introduces them into
a partial equilibrium search and matching model. Stiepelmann (2024) shows in a
general equilibrium search and matching model that these effects reduce the abil-
ity of optimal STW policy to stabilize the business cycle with STW. This paper also
takes hours distortion effects into account. In fact, later sections will show that
these distortions reduce the responsiveness of optimal STW benefits to changes in
the share of permanently versus temporarily unproductive firms. As a result, the
optimal policy becomes less sensitive to structural change, and the optimal STW
benefits need to decline less steeply with the duration a worker spends in the STW
system.

Second, STW may give rise to an adverse selection problem, where workers who
are not at risk of job loss opt to enter the STW system. Cahuc, Kramarz, and
Nevoux (2021) show that such windfall effects are costly as they spread the
hours distortion effect to a larger number of firms. Teichgriber, ZuZek, and Hensel
(2022) show that hours reduction is used as screening mechanism to reduce the
selection of productive firms into STW. This paper adds a new dimension to the
costs associated with windfall effects. It shows that temporarily unproductive firms
with a high probability of recovery are willing to retain workers even without STW
support, while firms with low recovery prospects require STW assistance to do so.

3. An additional concern is raised by Bossler, Osiander, Schmidtke, and Trappmann (2023).
They argue that firms might misreport actual working hours, which they view as a drawback of
using STW.
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This makes it impossible for the government to eliminate windfall effects through
a minimum hours reduction threshold as an eligibility condition, without simulta-
neously excluding firms that the government would want to support.

Third, Cooper, Meyer, and Schott (2017) claim that STW results in a loss of al-
locative efficiency, which is empirically supported by Giupponi and Landais (2022).
The idea is that it sustains employment in unproductive firms, thereby impeding
productive firms’ ability to find workers and expand. This obstruction to worker
reallocation leads to a reduction in overall output, despite maintaining low unem-
ployment. While this mechanism is fundamental in the discussion of STW policy,
the paper leaves two questions unanswered:

Both papers examine the provision of STW from a positive perspective and do not
address how STW should optimally respond to its potential to cause labor mis-
allocation. From a theoretical point of view, a suboptimally calibrated and overly
generous STW system can trivially retain workers in unproductive jobs, thereby
reducing allocative efficiency. This paper takes a more normative approach to the
issue. It asks whether labor misallocation remains a problem when the STW sys-
tem is optimally designed. The analysis shows that heterogeneity in shock duration
across firms is key to the emergence of labor misallocation. If all firms experienced
shocks of equal duration, there would be no scope for labor misallocation in a
canonical DMP model under an optimal STW policy. The paper also outlines how
the government should address labor misallocation when designing STW schemes.

2.2 Model

The economy is populated by a continuum of workers of measure one and in-
finitely many one-worker firms. The economy is closed. Each firm produces a ho-
mogeneous and non-storable good. Firms are subject to idiosyncratic productivity
shocks that can differ in their duration. Firms open costly vacancies before the re-
alization of the productivity shock is known. The productivity shock is drawn first
when new matches are formed. Based on the productivity shock and its duration,
firms decide to separate from a worker, and production takes place.

Firm Side. The value of a worker for a firm outside STW is defined by:
J(e,2) = y(e,h(€)—w+p-[(1—2A)-J(e, ) +A-J]

Firms discount the future with 3. With probability A they draw a new idiosyncratic
productivity level € > 0 from the c.d.f G, (e) and a new probability A € [0, 1] from
the c.d.f. P(A). The corresponding p.d.f. is g, (€), respectively p(1). Note that we
allow the c.d.f. for the productivity level to depend on A. A can be seen as a
measure for the persistence of the productivity level. 1/A denotes the expected
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duration until a new productivity level is drawn. If A is small, we say that a firm
got a permanent productivity shock, which makes the firm either permanently
productive or unproductive. If A is large, we say that a firm has a transitory
productivity shock, which makes the firm either temporarily productive or unpro-
ductive. The expected value of a firm right before a new productivity level and its
persistence is drawn is denoted as J.

A firm receives the output y(e, h) of the match and pays a salary w to the worker.
The output depends on the current productivity €, the aggregate productivity level
A, the number of hours worked h, and the cost shock (u. —€) - ¢¢. Output increases
linearly in productivity and with positive and decreasing marginal returns to work-
ing hours, a € (0,1):

y(e,h) = A-e-h*— (u.—¢€) - ¢ with Eg [y(e)] = Eg, [A-€- h(e)*]

On STW, the government pays STW benefits s(A, h, k) to the worker. At this stage,
those benefits can depend on three items: First, the shock duration 1/A, second,
the working hours h, and, finally, the time k a worker spent on the STW system.
We will vary the benefits depending on the information assumption, specified in
a separate section. This also applies to the choice of the eligibility condition, that
is, the rule under which workers can enter the STW system. In general, firms

and workers can enter the STW once their productivity falls below the eligibility
threshold

€ < Ry,,(D)

The STW system is set up so that the government can vary the benefits within
the first K periods. After that, the government sets constant benefits s(A, h,K).
If K=1, we return to a system in which STW benefits are independent of the
duration of time spent on STW. Note that the benefits can depend on the working
hours h and thus will influence the hours choice decision. Thus, working hours
and separation thresholds might differ over the time spent on the STW system:

stk (€) 7 gty jes1 ()5 Ropy (A, k) # Ry (A, k + 1)

The value of a worker for a firm can thus be denoted as:

Jstw(ea A) k) = }’(@ hstw,k(e)) - Wstw(e) 2’1 k)
+ B [(1—1) 1l = ROLk + 1)) - Ju (6, A,k + 1) +A~J]

A difference in the separation threshold becomes relevant when STW benefits
decline over time and the corresponding separation thresholds rise. Suppose a
firm does not draw a new productivity shock in the next period. Then, even if its
productivity remains unchanged, it may now choose to separate from the worker
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due to the higher threshold. Only if productivity is sufficiently high — specifically,
if e >R(A,k+ 1) — the worker will remain employed.

After K periods, the government chooses fixed STW benefits. By setting them to
zero, the government could effectively end the STW system. The value of a worker
for a firm that spent at least K periods on STW is thus:

Jsw(€, 4, K) = y(€, gy (€)) — Wy, (€, 4,K)
+ B [(1 —A) Ty (€ ALK + A -j]

Finally, J describes the value of a worker for a firm before the idiosyncratic pro-
ductivity e and its persistence 1/A are drawn:

1 [e%e)
J=—1 +J U J(e,A)dGA(e))dp(A)
0 max{Ry,, (1),£ (1)}

1 p,max{R,, (1),R(A,1)}
+ J J Jow (€, 4, 1)dG, (6)dP(A)
0 R(A,1)

If the productivity level of the firms is larger than the STW threshold € >
R, (A), then they produce normally. If the productivity falls into the interval
€ € [R(A,1),R,,, ()], then firms are unproductive enough to enter the STW sys-
tem but is still so productive that it can survive with the help of the STW sys-
tem. If the productivity falls further € <R(A, 1), then firms will separate from
their workers even with STW benefits. There exist one special case, reflected
by max{Ry,,(1),E(A)}. In fact, the government can set the eligibility threshold
E(A) > Ry, (A) so strict that there exist firms that cannot survive without STW
but whose productivity is not low enough to enter the STW system. Here £(A)
denotes the separation threshold without STW benefits. For simplicity, the tax T
is paid at shock-arrival.

Job-creation is determined by the free-entry condition:

k, -
=~ =7
q

Firms post vacancies until the expected gain from filling those vacancies equals
the expected costs. k, is defined as the vacancy posting costs, while g is the proba-
bility of filling the vacancy. Vacancies are posted before the productivity level and
the shock persistence of the match is known.

Due to search frictions, the labor market is not perfectly competitive. Firms make
positive profits and pay dividends to the workers. Dividends equal the expected
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gain from production minus wage costs for the workers, taxes paid to the govern-
ment,t and vacancy posting costs:

1 K )
n(i, k) f
II = E N TETY [y(e,h(e)) —w]dG, (e)
fo ( 1-pQA,0 [ max{Ry, (1),E(1)} g

k=1
max{Ry,, (1),R(A,1),...,.R(A,k)}
+ —I‘

[y (e, Py () — Wy, (€, 2,60 ] Ga(e)]dp(l)
max{R(A,1),...,R(A,k)}

—v-k,—n'-7T

Worker Side. The utility of a worker employed in a firm with productivity level
€ and persistence A can be denoted as:

Ve, = w+IT—¢thE)+B-[A—21)-V(e,A) +A-V]

Workers are assumed to be risk-neutral.# They derive utility from consumption
and disutility from working hours h(e). They receive a salary w from the firms
plus dividend payments. With probability A their firm draws a new productivity
level and persistence giving an expected value of V to the workers.

The utility of a worker after k periods on the STW system can be denoted as:

Viw (€, A, k) = wy,(€,A4,k) + 5(A, hgyy 1 (€),k) + IT — ¢ (hyy, 1 (€))
+B- (A=) -1(e = RAk+ 1) Vi3 Ak + 1) + A - V]

On STW, workers get the reduced income from the firms plus STW benefits from
the government according to the subsidy function s(A, h, k). After K periods, the
government chooses fixed STW subsidies. In this case, the value of a worker is
denoted as:

Viw (6,4, K) = wyp, (6,A,K) + 5(A, hyyy c(€),K) + IT — ¢ (hyp, 1 (€))
+ B[ =2 Vi (2, A,K) + AV ]

The utility of an unemployed worker is:
U=b+B-[f-V+A—f U]

Workers get unemployment benefits b from the government. With probability f
the worker finds a new job. With probability 1 —f he remains unemployed.

4. Stiepelmann (2024) shows that in a setting with financially unconstrained firms and risk-
averse workers who cannot save, STW serves no insurance purpose and is used solely to counteract
the fiscal externality of UL Since the focus of the present model is on worker misallocation, risk
aversion is excluded for simplicity.
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The expected utility workers derive from employment, before the productivity
shock is realized and the shock duration is known, can be denoted as:

1 oo
V= J J V(e, M)dG; (€)dP(A)
0 Jmax{Rg, (1),E(D)}

1 p,max{R,, (1),R(A,1)}
+ J J Voo, (€, 2, 1)dG; (€)dP(A)
0 R(A,1)
1

+f p(A,1) - U-dP(A)
0

Nash-Bargaining. Firms and workers bargain over wages, working hours, and
separation thresholds. Bargaining takes place before the realization of the produc-
tivity shock and its duration. The contract remains in effect for the entire duration
of the employment relationship. Employment terminates when the worker sepa-
rates from the firm.

max JIw —=u)n
W Wity (2,2),1(6), Rty 1 (€),€ (1), R(ALK)
1 denotes the bargaining power of the worker. The bargaining outcomes are de-

rived in Appendix 2.B.3. Salaries are determined by a surplus splitting rule. Firms
get a share of 1—n from the joint surplus S =J + V — U. Workers receive 1.

J=1-n-"5, V—-U=mn-8§

Working hours outside STW are set so that the marginal product of labor equals
the marginal disutility from working:

dy(e,h(e))

S = ') (2.2.1)

If productivity is large, then working hours are large. If productivity is small, then
working hours are small.

If the government adjusts its subsidy function according to the hours choice on
STW, then the slope of the hours choice function influences the working hours
decision:

Oy (€, hyy i (€)) , 9s(A, hypy i (€),K)
_— = h — : 2.2.2
. .. . . . 9s(A,hgy i (€))
Note that if benefits increase with a fall in working hours ——;~—— <0, then

working hours are decreased below the socially optimal level. Firms and workers
have an incentive to choose suboptimal low working hours to secure additional
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benefits from the government.

Since wages are determined by the surplus splitting rule, firms will decide to
separate when the joint surplus of firms and workers becomes negative. For no-
tational brevity, let us denote the per-period surplus — defined as output net of
the disutility of work — for both regular work and STW as follows:

z(e) = y(e,h(e)) —p(h), 24,(€) = y(e, hy,(€)) — ¢ (hyy,(€))

Accordingly, we can determine the separation threshold of a firm without access
to STW benefits £(A) as:

Z(g(k))_b+w.& =0
1-n q

Note that the threshold £(A) depends on A. When firms and workers are at the
brink of separation, A can be interpreted as the probability of recovery. A higher
recovery probability — or, equivalently, a shorter expected duration of the nega-
tive productivity shock — leads firms to adopt a lower separation threshold. Firms
are more willing to retain workers despite low current productivity, in anticipation
of higher profitability in the near future.

The separation thresholds under the STW system are determined by firms’ expec-
tations about the future STW benefit schedule. In this case, however, it is crucial
to account for whether the STW benefit schedule is increasing or decreasing over
time. For a decreasing STW system, in which

S(A': hstW,k(R(A: k));k) 2 S(A; hstw,k-}-l(R(A)k + 1))>k + 1))

The separation threshold must rise with the duration of time spent in the STW
program. Firms at the margin of separation recognize that if they do not draw
a new productivity shock, their continuation value in the next period is zero,
prompting separation. The corresponding separation threshold R(A, k) is therefore
characterized by:

A—n-f

2(R(A, k) + s(A, hgy k (R(A,K)), k) — b + 1—n

k
.2 =0
q

In the case of an increasing benefits schedule, the separation threshold in the first
period effectively determines the separation thresholds in all subsequent periods.
If separation was not optimal at lower benefit levels in the initial period, then it
will also not be optimal at higher benefit levels in later periods. The corresponding
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separation threshold R(A, 1) is pinned down by:

K—-1
D2 A= (2 RAL 1) + Ty () - (A — Ry xR, 1)) ]
k=1

+ (1= 2k R, D) + Ty (K) - (R — Ry x R(A, 1)) ]
A—n-f Kk

—b+ =0
1—-n q(0)

Note that STW benefits in all future periods play a crucial role in the firm’s deci-
sion in period 1 whether to remain in the STW system.

Labor market flows. Unemployed u and vacancies v are matched according to
a Cobb-Douglas matching function:

m = Qp.vl_Y.uY

The parameter 1) determines the matching efficiency, and y € (0,1) denotes the
elasticity of the matching function for unemployment. The labor market tightness
is defined as the ratio of vacancies to unemployed 6 = ;. Based on the matching
function and the labor market tightness, we can derive the probability to find a
job f and the probability to fill a vacancy gq:

&) =07,
q(Q) — 1/; . QY

The number of employed workers equals the total number of workers minus the
number of unemployed workers n = 1 —u. Employment can also be expressed as
the sum of all employed workers with shock duration 1/A in period k after shock
arrival:

1 K
n = f Zn(l,k)d)\
0 k=1

Likewise, the number of workers on STW ny,, is the sum of all workers with shock
duration 1/A that spend k periods on the STW system:

1 K
ey = f > g (A, k)dA
0 k=1

To keep notation simple, it is constructive to denote the number of matches that
are exposed to new productivity shocks. These concern the number of new formed
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matches f-u plus those matches that are hit by a new productivity shock A -
n(A,k):

1 K
nt = 0-q(9)'u+f D> A n,kyda

0 k=1

This allows us to define the number of firms with shock duration 1/A that spent
k periods on the STW system as:

nLk) = A-01-(1-p,K) -pA)-n° for k = 1,2,..,K—1

Likewise, the number of firms that spent at least K periods on the STW system is
defined by:

(1 _ A)K_l s

nAK) = ————(1-p(*K)-p() - n
In both equations, p(A) can be interpreted as the probability of getting a shock
with duration 1/A. In period k, (1 — )k of the initial firms have not received a

new shock yet. After at least K periods, a fraction % of firms did not receive a
new shock. With probability 1 — p (A, k) the worker was not separated until period

k. The separation probability is defined by:

p(A,k) = G, (max{R(A,1),...,R(A,K)})
+ Gy (max{g(A), Ryt (M)}) — Gz (max{Ryn, (1),R(A, 1), ..., R, K)})

Note that this equation highlights two important features. First, the max operator
in the first line reflects that depending on the use of the STW system, different
separation thresholds become important: in a falling STW system, the separation
threshold in period k determines the separation rate; likewise, in an increasing
STW system, the threshold from period 1 determines the separation rate, as firms
that chose not to separate at lower benefit levels will also not do so at higher
levels. Second, the second line of the equation captures the possibility that some
firms are denied access to STW, even though access could have prevented separa-
tions and preserved the match.

Accordingly, we can also define the number of workers in firms with shock dura-
tion 1/A that spent k periods, respectively at least K periods on STW as:

Q-1 p (ALK -p(A) -n* for k= 1,2,.,K—1
(1 _ A,)K_l
A

nstw (A‘y k)

Ngy (A, K) = - P ALK) - p(A) - 1’
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Here, p,,, (A, k) defines the probability that a worker enters STW and is not sep-
arated after k periods:

Psw(A, k) = G(max{Ry,, (M),R(A, 1),...,R(A,K)}) — G(max{R(A, 1),..,R(A, K)})

Government. The government needs to balance its budget at each time t. It
bears the costs of the unemployment insurance system and the costs of the STW
system. Its revenue stems from the lump sum tax. The budget constraint of the
government can be written as:

-7 =@0-n)-b

1 K max{Z(A).Ryu, (1)} 4G, (©
+J > (2, k) J S hygy 1 (€),K) - —22_dP(A)
0 k=1 max{R(A,1),...R(A,5)} Pstw(A, k)

2.2.1 Various Policy Regimes

In the following, I analyze three STW systems that differ in their information re-
quirements. Each STW system is defined by two components: an eligibility condi-
tion and a subsidy function. The eligibility condition specifies a threshold R, (1),
below which a match’s idiosyncratic productivity € must fall for the firm to qualify
for STW support. The subsidy function compensates firms for reduced working
hours by replacing part of the worker’s lost income. Specifically, it provides a
transfer of

Tstw * (}_l - hstw)

where T, denotes the per-hour STW benefit, h is the firm’s normal working
hours, and hy, is the reduced hours under STW. To isolate the impact of linking
transfers to working hours, I also define a benchmark case in which the gov-
ernment provides a simple lump-sum transfer or subsidy, independent of hours
worked.

Jobs at Risk and Shock Persistence Observable. In the first case, I assume that
the government can perfectly observe whether a firm is willing to separate from a
worker or not and is able to distinguish between permanent and transitory shocks.
Further, I assume that the government can observe the duration each worker has
spent in the STW system.

The last assumption is relatively easy for governments to verify. In contrast, elic-
iting information about whether a job is genuinely at risk of termination and
whether a productivity shock is temporary requires more effort. To acquire this
information, governments typically require firms to provide evidence that their
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economic difficulties are indeed temporary and to provide access to their finan-
cial records and books.

Using the available information, the government is eager to implement an eligi-
bility condition where workers can only enter STW if they would otherwise have
been separated:

S, A) <0

Stiepelmann (2024) argues that a looser eligibility condition cannot be optimal
as it would distort working hours of firms without rescuing additional workers.
Furthermore, a stricter eligibility condition would separate the most productive
workers on STW, which may also not be optimal. Note that the corresponding
STW threshold depends on duration of the shock it has received: Ry, (1) = £(A).

Further, the government will also want to depend the STW benefits on the dura-
tion of the productivity shock. That way, the government can distinguish between
firms with transitory shocks and permanent shocks with the transfer it pays. Addi-
tionally, the government will want to exploit information about the time a worker
spends on STW. The corresponding STW subsidies can thus be defined as:

SLK) = Ty (ALK - (= Ry ()

Jobs at Risk but not Shock Persistence Observable. In the following case, I
assume that the government cannot distinguish between transitory and permanent
shocks anymore. In practice, not even firms have certainty about how persistent a
shock to their business model is, and it might be relatively hard for the government
to infer from the financial records alone. Therefore, it might be hard to find
credible information for the government about the actual duration of the shock so
that the government cannot depend their STW benefits on it:

s = To - (R—hei(©),  sALRK) = T4, () - (7 — heyie(€))
I will distinguish between a case where the government depends their working
hours on the time a worker spent on STW and a case where this is not the case as

reference point. Since it is still observable whether a worker would be separated,
the same eligibility condition as in case 1 applies:

S, A) <0

Note that from the fact that a firm separates, the government cannot automatically
learn its shock persistence.
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Only working hours observable. Finally, I assume that the government can nei-
ther observe whether a firm is at risk nor distinguish between permanent and
transitory shocks. Checking financial records would not provide any usable infor-
mation. The only credibly observable variable is the number of hours worked on
STW. In practice, governments not only screen firms by reviewing their financial
records but also employ a second tool to identify jobs at risk. Specifically, they re-
quire workers to reduce their working hours below a certain threshold D in order
to qualify for entry into the STW system.

hy,(€) < D

In this case, the eligibility threshold does not depend on the probability of re-
covery hg,, (Rs,) =D. Regarding the STW benefits, I still consider a case that
depends working hours on time spent on STW and a case without this feature as
a benchmark:

sLRK) = To - (R —he(©),  sAhK = T4, - (h — hypi(e)

Subsidy System. Finally, I define a subsidy system for case 1 and case 2 of the in-
formation assumptions. This will help us understand how the STW system handles
information asymmetry about the shock duration. In case 1, the government can
directly choose the subsidy dependent on the probability of recovery A, working
hours h, and time spent on the STW system A: s(A,k). In case 2, the government
can only choose a uniform subsidy, respectively a subsidy that depends on time
spent on the subsidy system.

s(A,h,k) = s, s(Ahk) = sk)

Table 2.4.1 in section 2.4.4 gives a good overview of the different combinations of
information available to the government and instruments. The comparison of the
different policy regimes allows us to clearly identify the costs of labor misallocation
and enables us to compare them to the costs of hours distortions and windfall
effects.

2.2.2 Inefficiencies in the Economy

There are two reasons for the government to intervene in the labor market. First,
it is well known that the UI system distorts the job-creation and job-destruction
decisions in the economy (see Pissarides (2000)). The UI benefits provided to
workers increase their outside options, allowing them to demand higher wages.
Consequently, firms face higher labor costs, which in turn reduce their expected
profits. As a result, firms post suboptimal few vacancies from the perspective of the
social planner. Furthermore, smaller expected profits decrease the willingness of
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firms to hoard labor, leading to inflated separation rates. For a detailed discussion
see also Stiepelmann (2024).

Second, the Hosios-Condition (see Hosios (1990)) might not be fulfilled. When
posting vacancies, firms don’t consider that they reduce the probability of other
firms to find a worker (congestion externality) and increase the probability for
workers to find a job (thick market externality). In consequence, firms post either
too many vacancies, inflating vacancy posting costs, or too few vacancies, leading
to too much unemployment. Under a Cobb-Douglas matching function, the Hosios-
condition states that firms post the optimal number of vacancies if the bargaining
power of a worker equals the elasticity of the matching function with respect to
unemployment:

n=yx

The next section discusses how optimal STW policy can deal with these two inef-
ficiencies.

2.2.3 Ramsey Problem

For simplicity, we consider an economy without discounting 8 — 1. The Ramsey
planner weighs the utility of every household equally. He chooses the policy sys-
tems described in section 2.1 such that they maximize output minus disutility of
work and costs from vacancy creation, subject to the decentralized economy.

1 K
0 —_—

_ v
k=1 Undistorted Utility Created by Matches Welfare Costs of STW

- v-k,

Costs of Vacancy Creation

Welfare can be expressed as the total undistorted utility generated by matches,
minus the welfare costs associated with the use of short-time work (STW), and
minus the costs of posting vacancies. Definition 1 introduces (A, k) as the average
undistorted welfare created by a match with shock duration 1/A, k periods after
the shock occurred. This measure captures output net of the disutility of work,
assuming that working hours are chosen optimally.

Definition 1, Average Undistorted Utility created by Matches
The average undistorted period utility created by a match with shock duration 1/A,
k periods after the shock has arrived is defined by:
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_ dGz(G)
A,k = (€) - ——
Z JA(M{) z(€e oK)

where A(A, k) is defined as:

AOLK) =[max{R(A, 1), ...,R(A, )}, max{Ryy, (A),R(, 1), ..., RAA,K)}] U
[max{R,, (A), £(A)}, 00)

Definition 2 defines 2(A,k) as the average utility loss caused by hours dis-
tortions induced by the STW system for a match with shock duration 1/A
that has spent k periods in the STW program. This loss is measured as the
difference between output minus the disutility of work under optimal hours
and output minus disutility when working hours are distorted by the STW subsidy.

Definition 2, Welfare Costs Hours Distortions

The average welfare cost of a match in STW with shock duration 1/A that spent
k periods on STW is defined as the average difference between the period utility
created by the match under optimal working hours and working hours distorted by
STW.

max{Ry,, (A),R(A,1),...R(LK)}
~ sow dG, (e)
a0k = J Rl P

max{R(1,1),...RL,K)} Pstw(A, k)

Likewise, the expected welfare costs of a match with shock duration 1/A, k periods
after shock arrival is defined as:

Lemma 1 summarizes some of its properties. Note that the welfare costs
are non-negative. If hg,, (€) > h(e), then workers work suboptimal many hours,
leading to inflated disutility from work. If hy,, (€) < h(e), then workers work too
few hours, leading to an output loss. If hy,, (e) =h(e), then workers work the
optimal number of hours, and the welfare costs are zero.

Generally, the government wants to increase subsidies if the number of hours
worked falls. Note, however, that if subsidies increase faster in the fall in working
hours, firms and workers have a higher incentive to choose suboptimal low
working hours to secure additional subsidies.
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Lemma 1, Welfare Effect Hours Distortion
The welfare costs of STW are non-negative:

QK = 0

If the STW benefits rise or the eligibility thresholds get looser, then the welfare costs
from STW rise as well:

20, k) - 2021 k) -
0T OR,,,(A)

PROOF: Appendix 2.B.4

2.3 Calibration

This section calibrates the model to the U.S. economy. In the following sections, I
present the theoretical and quantitative results jointly, which helps to clarify the

underlying mechanisms and to strengthen the interpretation of the policy trade-
offs.

I will refer to the model without a STW system as the baseline model. For simplic-
ity, I assume that the shock persistence follows a Bernoulli distribution. I assume
that a firm gets hit by a transitory shock with probability p; and a persistent shock
with probability 1 —pr.

Pr A= Ar

0 else

Productivity shocks are log-normally distributed and conditional on shock per-
sistence log(é;) ~ A (u, 01.2) for i=T,P. I will distinguish two cases. In the first,
labeled equal variance, I will assume that the location parameter for the variance
of the log-normal distribution is independent of the shock duration o2 = 0% = cr}z,.
In the second, labeled unequal variance, I will assume that the variance for pro-
ductivity shocks of firms with permanent productivity shocks is smaller than the
variance for firms with temporary productivity shocks: o > op. The motivation
for considering the unequal variance case stems from the observation that firms
with transitory shocks typically require much larger negative shocks to trigger
separation, making separations rare. By assigning higher variance to transitory
and lower to permanent shocks, the model aligns separation probabilities across

both firm types. I follow Stiepelmann (2024) in setting the location parameter for
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the mean to u=0.094 and the variance to o? = 0.12. For the unequal variance
case, I consider o =0.15 and op=0.09. I set the probability of receiving a
transitory productivity shock to 0.5. Further, I set the aggregate productivity to
A = 1.5. High aggregate productivity helps to resolve the Costain-Reiter Puzzle
(see Costain and Reiter (2008)). In order to generate a realistic policy elasticity,
the semi-elasticity of unemployment with respect to an increase in Ul benefits
must lie between 2 and 3.5. The model produces a semi-elasticity of 3.24, which
falls well within this empirically plausible range.

Parameter Description Value
Preferences

0] Inverse Frisch-elasticity 1.5
Vacancies, Matching, Bargaining

R, Vacancy posting costs 0.2092

m Matching parameter 0.3832

Y Elasticity matching function w.rt. unemployment 0.65

n Bargaining power worker in steady state 0.65
Production and Separations

a Labor elasticity production function 0.65

A Aggregate Productivity 1.5

u Stears mean of lognormal distribution 0.094

o Stears steering variance of lognormal distribution 0.12

Cr Strength resource cost shock 1.2620
- unequal variance

o7, 0p Stears steering variance of lognormal distribution 0.09, 0.15

Cr Strength resource cost shock 1.4344
Shock Duration

pr Prob. to get transitory shock 0.5

A Prob. to receive shock, transitory 1/3

Ap Prob. to receive shock, permanent 1/6
Labor Market Policy

b Ul benefits 0.8493

h "Normal" hours worked 1.055

Table 2.3.1. Parameters

Both model versions target job-finding rates of f =0.41 and separation rates of
p =0.03 from the data in Stiepelmann (2024). The period length is a month.
To implement the job-finding rate, I set vacancy posting costs to k, = 0.2092. To
implement the separation rate, the strength of the resource cost shock is set to
¢ = 1.2620 for the model with equal variance and ¢; = 1.4344 for the model with
unequal variance. The matching efficiency parameter m = 0.383 is determined by
targeting a monthly vacancy filling rate of g = 0.338. This is the monthly equiva-
lent of the quarterly job-filling rate of 0.71 reported in Haan, Ramey, and Watson
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(2000). Firms experiencing transitory shocks are assumed to draw a new produc-
tivity shock, on average, every 1/A; = 3 months. In contrast, firms with permanent
shocks draw new shocks less frequently, on average every 1/Ap = 6 months. These
parameters are calibrated to ensure that, on average, firms remain in the STW
(short-time work) system for a duration of 4 to 5 months. This range aligns with
empirical findings on average STW durations reported by Brinkmann, Jager, Kuhn,
Saidi, and Wolter (2024).

I set the bargaining power of the worker to  =0.65, which is, according to
Petrongolo and Pissarides (2001), within the reasonable set of parameter esti-
mates. In order to ensure that inefficiencies in the steady state are only driven by
the UI system, the Hosios-Condition (see Hosios, 1990) is implemented by setting
the elasticity of the matching function with respect to unemployment equal to
the bargaining power of the firm: y = 7. The unemployment benefits are set to
b =0.8493, which ensures a replacement rate of 45% of the wage, which is the
empirical value reported by Engen and Gruber (2001). The parameter h repre-
sents the mean hours worked in a firm and is set to its steady state value in the
baseline economy: h = 1.055. Similar to Christoffel and Linzert (2010), I set the
labor elasticity of the production function to a = 0.65. The disutility of work has
the common functional form of ¢ (h) = %, 4 > 0. Following Domeij and Floden
(2006), I set the Frish-elasticity to 0.66, which implies 1) = 1.5.

If not noted differently, the calibration variant with unequal variance is used as
reference.

2.4 Results

2.4.1 )obs at Risk and Shock Persistence Observable

This section examines case 1 in which the government has access to a rich set
of information. The government can observe the duration of the productivity
shock, job at risk, working hours and time k a worker has received benefits.
As a benchmark, I calculate the optimal per-period subsidy s*(A) that the
planner would allocate to matches. This allows us to characterize the optimal
separation rates and provides insights into the costs associated with the hours
distortion introduced by the STW system. In turn, this helps to assess the relative
importance of labor misallocation costs.

Lemma 2
Suppose the government can observe whether a job is at risk S(e,A) <0, the
expected duration 1/A of the idiosyncratic productivity shock, working hours h, and
the time a worker has received benefits k. Then the optimal subsidy s*(A) can be
written as:
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') =

>

{

Fiscal Externality UI

PROOF: Appendix 2.C.1.4

It is important to note that optimal transfers per period are independent of
working hours and time spent on the subsidy system. Linking subsidies to work-
ing hours can lead to distortions in working hours. Additionally, the geometric
distribution is memoryless, meaning that a firm that has spent k periods on the
system has the same probability of becoming productive again as a firm that has
just joined. This results in the same optimal subsidies per period, independent
of the time a worker received benefits. The optimal flow transfers are designed
to replace the amount of Ul benefits that the marginal worker forfeits when
choosing to remain with a firm. This ensures that the UI system does not provide
an incentive for workers to enter unemployment, effectively eliminating any
inefficient separations. Corollary 1 states that s*(A) can implement the optimal
separation thresholds, meaning that all separations and all worker-retention
decisions are efficient.

Corollary 1

1. s*(A) implements the optimal separation thresholds

2. Firms with permanent productivity shocks get smaller transfers
3.5 >bifA>f;, sSSQA)=bifA=f;, ssSA)<bifA<Sf

PROOF: Appendix 2.C.1.4

A key feature of the optimal flow transfer is that it decreases with respect
to the expected shock duration 1/A (as observed in Corollary 1). This implies that
the Ramsey planner aims to allocate higher transfers per period to matches with
transitory shocks compared to those with permanent shocks. The rationale behind
this is straightforward: since workers are identical and face the same outside
option in terms of UI benefits and job-finding rates, the government needs to
implement the same expected transfer with the subsidy system, irrespective of the
persistence of productivity shocks. However, matches with permanent productivity
shocks are expected to stay on the subsidy system for longer compared to
matches with transitory shocks. To achieve the same expected transfer amount,
the government needs to select smaller transfers per period for matches with
permanent shocks.

Note that we could also write the equation above as
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Tsub . S* (A‘) = TUI . b Wlth Tsub =

so that the left-hand side of the equation denotes the expected benefits that
the worker receives when staying employed, while the right-hand side of the
equation denotes the expected UI benefits a worker would receive when becoming
unemployed. Here, Tg,, denotes the time a worker spends on the subsidy system,
while Tp; denotes the expected time a worker spends on the UI until he finds a
new job.

Another noteworthy observation is that when A =f, the optimal flow transfers
should equal the UI benefits. In this scenario, it is equally likely for a worker to
return to a productive state by remaining with the firm as it is by finding a new
job through unemployment. If matches are characterized by a transitory shock
such that A > f, a worker is more likely to revert to a productive state by staying
with the same firm rather than searching for a new job through unemployment.
Consequently, the government focuses on protecting these matches by selecting
a flow subsidy greater than UI benefits. Conversely, if workers experience a
permanent productivity shock such that A < f, the Ramsey planner knows that it
is unlikely for the worker to return to a productive state. In this case, transitioning
to unemployment enables a faster transition to a productive state. Consequently,
the planner opts for smaller transfers than Ul benefits to promote separations
and facilitate the reallocation of workers in the labor market.

Next, we examine how optimal STW benefits should be characterized when the
government can observe the persistence of a firm’s productivity shock. Lemma
3 establishes the optimal design of STW benefits in this setting. As in the case
with the simple subsidy, the government adjusts STW benefits so that the total
resources transferred to a marginal match via STW equal the UI benefits the
worker would have received upon separation.

Definition 3 Let 11 denote the net-transfer of resources to a match on STW:

T = Ty, - (11— hg,)

Note that the net transfer per period — defined in Definition 3 — de-
pends on the extent to which firms and workers are willing to reduce working
hours. The greater the reduction in hours, the smaller h,,, the more resources
are transferred to the match for a given level of STW benefits. The government
must consider this behavioral response when determining optimal STW benefits.
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Lemma 3

Suppose the government can observe whether a job is at risk S(e,A) <0, the ex-
pected duration 1/ of the idiosyncratic productivity shock and the time a worker
has received benefits k, then optimal STW benefits T, (1) can be written as:

Tsow(A) + (M — hyy (R(A))) =

A [ an(A)] 2020
—-b — Mgy (A) .
f Stw / a
——
Fiscal Externality Ul Welfare Costs Rescuing an addtional Worker with STW
in a Firm with Shock Duration 1/A

stw O Tstw

where the marginal number of matches of type A preserved by STW benefits is

onA) _ oy 8. R _(_aRﬂw(A))_ns
0ty L A T st

PROOF: Appendix 2.C.1.5

The key difference between a simple subsidy or transfer and STW is that
STW connects the transfer to hours reduction. The higher the STW benefits, the
higher the incentives for firms and workers to reduce working hours to draw
more government funding into the match. Therefore, the government needs to
take into account its impact on working hours. To keep distortions low, it adjusts
STW benefits downwards.

Note that the welfare costs of STW depend on two key factors. First, 852—(3)

captures the marginal distortion to working hours caused by an increase in STW
benefits. Second, the ratio ng,,(A) /aa’;(s’:j measures how many firms choice get
distorted on the STW system relative to the number of additional matches saved
by increasing benefits. If this ratio is high — that is, if relatively few matches
are rescued compared to the number of distorted firms — then increasing STW

benefits is particularly costly.

2.4.2 Jobs at Risk but not Shock Persistence Observable

Governments often face difficulties in accurately assessing the persistence of
shocks faced by individual firms. This section analyzes the optimal level of STW
benefits under the assumption that the government cannot distinguish between
transitory and permanent shocks.
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2.4.2.1 Uniform Systems

For simplicity, this section analyzes the optimal subsidy and short-time work
(STW) benefits under the assumption that the government does not condition
policy instruments on the duration of a worker’s participation in the system.
Since the policy instruments are invariant to both shock persistence (due to
information asymmetry) and the time spent in the system, I refer to these as
*uniform instruments*. This assumption will be relaxed in later sections. As a
reference point, I begin with the subsidy system. Lemma 4 presents the optimal
uniform subsidy in the case where shock persistence is unobservable.

Lemma 4

Suppose the government can observe whether a job is at risk S(e, A) < 0 but cannot
observe the expected duration 1/A of the idiosyncratic productivity shock, then the
optimal subsidy s,, can be written as

So = E,[s* ()]

with weights

an(A)
N

wAd) = ————

1 5n(1)
IR F2dA

where the marginal number of matches of type A preserved by the subsidy is

on(A)
Js -

RO IRMY
A s,

n* - p(A)

w

PROOF: Appendix 2.C.1.6

When the government cannot observe the persistence of a firm’s productiv-
ity shock, it faces a fundamental trade-off in assigning subsidies: On the one
hand, it would like to provide generous benefits to firms experiencing transitory
shocks, as their probability of recovery is high. On the other hand, it aims to
limit support to firms facing permanent shocks, where the likelihood of recovery
is low.

For my calibration, this trade-off is illustrated clearly in Figure 2.4.1. The blue
line shows the optimal transfer schedule s*(A), which implements the optimal sep-
aration threshold for each probability of recovery. In contrast, a uniform subsidy
s,, fails to tailor benefits to firm-specific conditions: it over-subsidizes firms with
low chances of recovery (s, > s*(A)), thereby keeping workers in unproductive
matches that should be reallocated. At the same time, it under-subsidizes firms
with high recovery potential (s, < s*(A4)), leading to the unnecessary destruction
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of matches that the social planner would prefer to preserve.

Both types of misallocation — excess retention and premature separation —
result in an inefficient allocation of labor across the economy.

The government aims to minimize welfare losses stemming from both excessive
retention and premature separation. To do so, it constructs a weighted average
of type-specific optimal transfers. Greater weight is assigned to firms with shock
persistence 1/A if an increase in the uniform subsidy preserves more matches of
that type. This is captured by the derivative ags(j). The logic is straightforward:
when more matches of a particular type are sensitive to the subsidy, the welfare

cost of over- or under-subsidizing that group becomes larger, warranting greater

consideration in the policy design.

Figure 2.4.1. Optimal Subsidy with and without Information Asymmetry
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Notes: The figure compares the optimal subsidy function without information asymmetry regarding
shock persistence (s*(A), blue line) to the optimal uniform subsidy under asymmetric information (s,
red lines). The solid orange line represents an economy with a high share of transitory shocks; the
dashed orange line reflects a shift toward an economy with a higher share of permanent shocks.

These weights are particularly sensitive to the distribution of firms across different
levels of shock persistence. Figure 2.4.1 illustrates that an increase in the relative
number of firms experiencing permanent productivity shocks leads the govern-
ment to choose a lower optimal transfer. The intuition is straightforward: when
a larger share of firms faces permanent productivity shocks, the cost of retaining
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workers in unproductive jobs becomes higher. As a result, the government reduces
benefits to foster reallocation of workers via the labor market.

This mechanism is particularly relevant during periods of structural change. Sup-
pose certain sectors of the economy face declining demand or obsolete business
models, while others are expanding. From the model’s perspective, this corre-
sponds to an increase in the number of firms experiencing persistent shocks, both
positive and negative. In such a scenario, the model suggests that reducing worker
retention incentives can facilitate the reallocation of labor toward more productive
uses.

Proposition 1 looks at the optimal STW benefits under the assumption that the
government cannot distinguish between transitory and permanent shocks. In gen-
eral, the government faces a similar problem to that of a uniform subsidy. It might
over- or under-subsidize firms, leading to excess retention or premature separa-
tions. In contrast to the uniform subsidy, however, it is ex-ante not clear which
firms STW over- or under-subsidizes: firms with transitory or firms with perma-
nent shocks. This is for two reasons:

net
Stw

decreases with the persistence of the shock. On the one hand, the government has
an incentive to subsidize firms with a low probability of recovery less generously to
foster reallocation over the labor market. On the other hand, rescuing firms with
transitory shocks may be more costly, as suggested by the ratio of workers on STW
to the marginal effect of the subsidy on firm rescue, ng,, (1) / ‘ZY;(:S In particular,

when the probability of recovery is high, firms must be hit by relatively large neg-

First, it is not ex-ante clear whether the optimal net transfer, T2° (1), increases or

ative productivity shocks to consider laying off workers. Since such shocks might
be rare, it might be more costly to rescue firms facing transitory shocks than those
facing more persistent ones. The blue line in Figure 2.4.2, however, shows that the
misallocation effect of workers dominates quantitatively in our calibration.

Second, STW links subsidies to reductions in working hours. As a result, it effec-
tively provides more generous support to firms experiencing transitory productiv-
ity shocks than to those facing permanent shocks. This makes it unclear whether
the subsidy schedule implied by STW is steeper in the probability of recovery
than the optimal net transfer. The underlying mechanism is as follows: firms fac-
ing transitory productivity shocks are willing to retain workers even at relatively
low productivity levels, whereas firms facing permanent shocks will separate for
higher productivity levels:

R(A) < R(A) iff A > A

As a result, firms with transitory productivity shocks will be willing to reduce
working hours more before separating from a worker than firms with permanent
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productivity shocks:
hgw(R(A)) < hg, R(A)) iff A > A

As a result, firms facing transitory productivity shocks automatically receive higher
transfers through the STW system than firms facing permanent shocks. Figure
2.4.2 illustrates this effect. The orange line represents the net subsidy under the
optimal STW scheme when the government cannot distinguish between transitory
and permanent shocks. In this case, the STW system implicitly subsidizes firms
with a higher probability of recovery more than those with a lower probability of

recovery.

However, the resulting subsidy function is flatter than the optimal subsidy
schedule that would be implemented if the government could observe shock
persistence. Consequently, the STW system still under-subsidizes firms with
transitory shocks and over-subsidizes firms with permanent shocks. Nonetheless,
the distortion is less severe compared to a uniform subsidy scheme.

Figure 2.4.2. Optimal Net Transfer STW with and without Information Asymmetry
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Notes: The figure compares the optimal net-transfers imposed by the optimal STW benefit function
without information asymmetry regarding shock persistence (T3e(A) = Tgy, (A) - (1 — gy, (R(A))), blue
line) to the optimal net-transfers imposed by the optimal uniform STW benefits under asymmetric
information (i ,(A) = Ty, - (M — hy, (RQA))), red lines). The solid orange line represents an economy

with a high share of transitory shocks; the dashed orange line reflects a shift toward an economy
with a higher share of permanent shocks.
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Proposition 1

Suppose the government can observe whether a job is at risk but not the expected du-
ration 1/A of the idiosyncratic productivity shock, then optimal STW benefits T, .,
can be characterized by

T Ewm[h “hy, (R(A))]

Weighted Net Transfer from optimal STW Benefits
with Asymmetric Information

= g T - (= R RO

Weighted Net Transfer from optimal STW Benefits
without Asymmetric Information

with weights

an(A)
aTstw,w

1 an

0 aTstw,w dA

wstw (A) —

PROOF: Appendix 2.C.1.7

Proposition 1 characterizes how the government can minimize the welfare
costs arising from both excess retention and premature separation. Specifically,
the government assigns more weight to firms with a given shock persistence if an
increase in STW benefits leads to a greater number of matches being preserved
for that type. In such cases, over- or under-subsidizing these matches becomes
more costly. To minimize the cost of worker misallocation, Proposition 1 suggests
setting the expected transfer under a short-time work system, when subsidies
cannot be conditioned on shock persistence, equal to that under a system in
which such conditioning is possible.

Next, we can examine how STW should respond when the distribution of firms
with transitory to permanent shocks shifts. Figure 2.4.2 shows an increase in
the relative number of firms with transitory shocks. Similarly to a system with
uniform subsidies, STW benefits should be reduced as more weight is applied to
the costs of keeping workers in unproductive occupations. Likewise, the model
would suggest reducing STW benefits in times of structural change. Finally, we
compare the sensitivity of the optimal uniform subsidy and STW benefits to shifts
in the distribution of firms toward transitory or permanent shocks. Figure 2.4.3
illustrates this comparison: the orange lines represent the optimal STW benefits,
while the blue line depicts the optimal uniform subsidy, both plotted against the
share of firms experiencing transitory shocks.

A key observation is that STW benefits respond far less to changes in the share of
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transitory firms than the uniform subsidy does. This difference in responsiveness
has important implications discussed in a later section and is driven by two main
factors:

First, as previously discussed, the STW system inherently targets firms with
transitory shocks with larger subsidies. Because of this, the misallocation costs
associated with a fixed STW benefit are smaller, and less adjustment is required
in response to shifts in the firm distribution.

Second, the distortionary costs of rescuing firms with transitory shocks tend
to be higher. These firms typically require larger productivity shocks before
they would separate from a worker. Such shocks may be relatively rare. As a
result, the ratio of distorted firms to additional matches saved — expressed as
Mgty (A) / aa’;—(siz—can be large, making benefit increases less efficient.

Figure 2.4.3. Responsiveness of Subsidy and STW Benefits to Fraction of Transitory Firms
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Notes: The blue line shows the optimal uniform subsidy under information asymmetry regarding
shock persistence s, in response to the fraction of firms with transitory shocks in the economy. The
red lines show the optimal uniform STW benefits under information asymmetry T, , with respect to
the fraction of firms with transitory shocks. The solid red line assumes that the variance of the
productivity shock is the same for firms with transitory and permanent productivity shocks. The
dashed line assumes the variance is greater for firms with transitory productivity shocks. All three
cases are expressed as percentage deviations from the optimal benefits in an economy where the
fraction of firms with a transitory shock is p; = 0.5.

This point is illustrated in Figure 3 by comparing the solid and dashed orange
lines. In the dashed scenario, the variance of productivity shocks — conditional
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on shock persistence — is adjusted so that the separation probabilities of firms
with transitory and permanent shocks become more similar. This adjustment re-
duces the cost associated with rescuing transitory matches, thereby increasing the
responsiveness of optimal STW benefits to the distribution of shock persistence.
As the figure shows, under this condition, STW benefits become more sensitive to
changes in the share of transitory firms in the economy.

2.4.2.2 Time dependent Systems

The last section abstracted from the possibility of depending STW benefits on the
time a worker has received them. This section adds the dimension.

The intuition for setting the optimal uniform subsidy — when the government
cannot distinguish between transitory and permanent shocks but can condition
benefits on the time a worker spends in the system — is closely related to
Lemma 5. As before, the goal is to minimize misallocation arising from excess
retention and premature separation. This is achieved by placing greater weight
on shock persistence levels where subsidies save more matches.

Lemma 5

Suppose the government can observe whether a job is at risk S(e, A) < 0 but cannot
observe the expected duration 1/A of the idiosyncratic productivity shock. Further,
suppose it can base the benefits on the duration of the STW system k. Then the
optimal subsidy s, dependent on time spent on the STW system k can be written as

Swp = B [5" ()]

with weights

an, (LK)

ka

1 9n(Ak)
IR oo odA

Wi ) =

where the marginal number of matches of type (A, k) preserved by the subsidy is

on(A,k)
ds -

JOR(A, k
A= n pA) - g ROALK) - %)

(7 Wi
PROOF: Appendix 2.C.1.8
The key difference in this setting is that the relative composition of transi-

tory and permanent firms evolves over time. Unproductive firms with transitory
shocks have a higher likelihood of becoming productive again than those with
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permanent shocks, and therefore tend to exit the subsidy system more quickly.
As a result, the share of firms with transitory shocks declines with the duration a
worker receives the subsidy. From the formula for the weights, this result can be
seen by recognizing that

Q-1 < A=A i A > A

The government anticipates this dynamic. Over time, it places increasing weight
on firms with permanent shocks — those more likely to remain in the system. To
limit the welfare costs of keeping workers in persistently unproductive matches,
the government reduces the uniform subsidy as the duration of time spent on the
subsidy system increases.

This result is formally established in Corollary 3. Figure 2.4.4 illustrates the
quantitative response of optimal transfers to the evolving composition of firms
over time on the subsidy system.

Corollary 2 s, falls with k

Note that, in contrast to many real-world subsidy programs such as STW
or the Payment Protection Program in the US, my findings suggest that the
subsidy should not be terminated after a fixed duration. The memoryless property
of the geometric distribution drives this result. Although firms with permanent
shocks increasingly dominate the pool of firms as time on the subsidy system
progresses, those that remain are still just as likely to become productive again
as newly entering firms with permanent shocks. This time-invariant probability
of recovery justifies continuing to provide positive subsidies, even for firms that
have been in the system for a long time.

Proposition 2 characterizes how optimal STW benefits should be adjusted when
the government cannot observe whether a firm is experiencing a transitory or
permanent productivity shock, but can condition STW benefits on the duration
of time a firm has spent in the program. The logic behind setting optimal STW
benefits in this context hinges on whether the optimal net-transfer function is
increasing or decreasing with respect to time in the system. This, in turn, depends
on the relative cost of rescuing transitory matches: if transitory matches are
expensive to support due to low responsiveness to subsidies, the optimal benefit
path may decline over time; if they are relatively cheap to preserve, benefits
increase with time.

When the optimal net transfers with STW increase, the theory is straightforward.
For every time k spent on the STW system, the government sets the expected
optimal STW transfers without distinguishing between shock persistence equal to
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the optimal expected transfers of a system that can observe the shock persistence.
Again, the government takes into account that the relative number of firms will
shift towards firms with permanent productivity shocks. To foster reallocation of
workers, the government reduces benefits.

Figure 2.4.4. Optimal Benefits and Time Spent on the System
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Notes: The blue line represents the subsidy system when there exists information asymmetry over
the shock duration. The red lines represent the STW system when there exists information
asymmetry. The solid red line represents the system when firms with transitory and permanent
shocks have the same variance in the productivity shocks. The dashed red line considers the case
when the variance for productivity shocks in firms with transitory shocks is larger than in firms with
permanent shocks. Optimal benefits are expressed as percentage deviations from period 1 benefit
levels. Weights are reported as absolute weights.

When the distortionary costs of rescuing firms with transitory shocks dominate,
the logic for setting STW benefits changes. If STW benefits are increasing over
time, firms and workers will only consider separating in the first period. Once a
firm remains on the system beyond the initial period, the rising value of future
STW benefits provides an increasing incentive to stay matched.

In this setting, the government’s objective shifts toward minimizing the distor-
tionary impact of STW on firm behavior. Since the cost of distorting firms with
permanent productivity shocks is lower — due to their better ratio of firms on
STW to firms that can be rescued with STW — it becomes optimal to increase
STW benefits over time. Doing so concentrates distortions into periods with a
larger relative fraction of firms with permanent productivity shocks, thus making
the distortions less costly.
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Proposition 2

Suppose the government can observe whether a job is at risk S(e,A) < 0 but cannot
observe the expected duration 1/A of the idiosyncratic productivity shock. Further,
suppose it can base the benefits on the time k a worker has spent on STW. If the
net-transfer of the system rises, then the optimal benefits can be expressed as

Ty () - Ewirw[h — Ry RA, k))]

Weighted Net Transfer from optimal STW Benefits
in period k on STW under Asymmetric Information

= Bup| Tan ) - (1= Bk ROLIO) |

Weighted Net Transfer from optimal STW Benefits
in period k on STW without Asymmetric Information

with weights
an(A,k)
Fl AT O [(3)

(1 an(k) 44 an(A.k)
fO 0 Ty (K) dA

(A =

where the marginal number of matches of type (A,k) preserved by the benefits is

3n(l, k) _ _ k=1 s . . gA(R(A,k)) . aR(A‘: k)
ar, () - A ) 2 97,00

If the net subsidy of the system decreases with the duration of STW benefits, then the
STW benefits are determined by:

Bn(l,k)) . 8f2(7t,k)}

0 Ty

Eyom [(nmm, K/

0 Ty

Weighted Average Welfare Costs of rescuing Marginal Worker with STW
in period k on STW

- E o [LS()L)]

~—_——
Weighted Average Social Value Marginal Match

in period k on STW

where LS(A) denotes the social value of the marginal job with shock persistence 1/A

LS = % b= T2 (= 20 - (R — by RO, K)
k=1

PROOF: Appendix 2.C.2.1
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Figure 2.4.4 illustrates the optimal STW benefits over time, along with the
corresponding weights the government assigns to different types of productivity
shocks. The left panel shows that, in all cases, optimal STW benefits decline
with time spent on the system — reflecting the dominant role of the worker
misallocation motive. The right panel explains this decline: it is driven by the
falling ratio of firms with transitory shocks to those with permanent shocks. Firms
with transitory shocks are more likely to exit the system early due to their higher
recovery rates.

Importantly, however, STW benefits should decline more gradually than under
a uniform subsidy system. This is due to two countervailing factors. First, as
discussed earlier, STW systems inherently allocate more support to transitory
firms, reducing the need for a steep drop in benefits over time. Second, the
number of transitory firms receiving productivity shocks large enough to trigger
separation may be small. This increases the cost of rescuing matches via STW and
lowers the planner’s incentive to assign high weight to matches with transitory
shocks. As a result, the relative share of transitory to permanent shocks changes
only modestly over time.

Together, these factors imply a more moderate decline in STW benefits as time
on the system increases. This is clearly illustrated in Figure 2.4.4: when shocks
that lead to separation in temporarily unproductive firms become more likely, the
planner places greater weight on transitory firms, leading to a sharper decline in
benefits. In contrast, when separations remain rare among transitory firms, the
decline in benefits is more gradual, reflecting the higher cost of distortions and
reduced importance of transitory matches in the planner’s objective.

2.43 Only working hours observable

In the previous sections, we assumed that the government knows exactly which
firms would separate from a worker and which would not. In practice, govern-
ments attempt to elicit this information by examining firms’ financial records. But
what if this information is not reliably extractable? This section explores how the
government can still screen for jobs at risk under such uncertainty. Again, we ab-
stract from the time spent on the STW system at first.

STW systems include a minimum working hours reduction threshold that firms
must meet to qualify for support. By requiring a reduction in hours, the govern-
ment can indirectly screen for a firm’s current productivity. Since workers suffer
disutility from work, firms and workers will always choose to reduce working
hours more when productivity is lower. This allows the government to screen out
a firm’s productivity from observed reductions in hours. The productivity threshold
for eligibility can therefore be characterized by:
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hstW(Rstw) =D

Effectively, firms and workers can enter the STW scheme once their idiosyncratic
productivity, e, falls below a threshold R, regardless of the persistence of
the shock the firm is experiencing. This design, however, makes it difficult to
effectively screen for a job at risk. The issue is illustrated in Figure 2.4.5. The
yellow line depicts the separation thresholds for firms without access to STW
benefits, depending on their probability of recovery.

Figure 2.4.5. Separation Thresholds with and without STW
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Notes: The orange line shows the separation threshold for matches receiving STW support,
conditional on the match’s recovery probability. The yellow line depicts the corresponding threshold
for matches without access to STW. The area between the two curves represents all (g,A)
combinations in which STW prevents separations that would otherwise occur. The gray line
illustrates the threshold imposed by a minimum hours reduction requirement for eligibility, allowing
only firms with sufficiently low productivity to enter the STW system.

Ideally, firms should be granted access to STW only if, in the absence of support,
they would separate from their workers. However, firms with a high probability of
recovery are often willing to retain workers even at lower productivity levels, while
those with low probability of recovery want to separate for higher productivity
levels. Since eligibility for STW is based on a single productivity threshold, the
government faces a problem: firms with permanent productivity shocks that could
have been saved with STW are excluded from the program, while firms with
transitory shocks that would not have separated in the first place still qualify and
receive support. Figure 2.4.5 highlights this problem.
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Proposition 3

Suppose the government can only observe the working hours of a firm, and suppose
for simplicity that P(A) is continuous. Then the optimal eligibility condition D =
hgy (€gy) 1s implicitly defined by

Pstw * Eop [SW(E, DA% Rep) = A2 = AR(Ryp,) ]

Average Social Welfare Gain from Preserving a Match
with low Recovery Probability

an() a.Q(A)
== 'EwD (A) )
b [(” /%R ) ORa, |

> AS (RW)]

Average Social Costs from distorting Hours in a Match
with high Recovery Probability

Where SW (e, A) denotes the social value of the rescued match

SW(e, ) = %-b—fg;;gm T 2 (6) — 2, RO

—_—
Social Value of the Marginal Match SW(R(Q), A)

Extra Welfare through Productivity

AR(Ry,,) denotes the recovery probability below which firms are screened out from
STW and A*(R,,,) denotes the recovery probability above which firms go onto STW
without the need of STW support:

AR Ryw) = R Ryw) A° Rsew) = 5_1 R

Dsww denotes the marginal fraction of firms that enter the STW system and are in
need of STW support, and py denotes the marginal fraction of firms that enter the
STW system and do not need STW support

Psow = P(A*(Rip)) — PORRy,)) p; = 1 —P(A*Ry,))

and weights are defined as

an()
a}QS[W

(1 0nA) 44 on(\)
Jo Fro2dA

(,OD(A) —

where the marginal matches affected by the STW threshold are

an(A) _ s, .gl(Rstw)
R, P

PROOF: Appendix 2.C.4.3
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Proposition 3 characterizes the optimal setting of the eligibility threshold. For
simplicity, it is assumed that the distribution, about P(A), is continuous. The
government faces a trade-off. By loosening the eligibility criterion, it can prevent
the dissolution of matches with productivity Ry, and recovery probabilities
Ae [AR, Ag]. However, this also allows firms with the same productivity level
but higher recovery probabilities A > A% to enter the program, even though they
would have retained their workers without support, leading to an unnecessary
distortion of working hours.

The optimal eligibility condition sets the social value of rescuing additional
matches with a looser eligibility condition equal to the additional distortions it
introduces into the economy:.

Figure 2.4.6. Minimum Hours Reduction Threshold (Eligibility Condition)
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Notes: The figure illustrates the optimal eligibility condition as a function of the share of workers
on STW. Eligibility is here defined by the required reduction in working hours relative to normal
hours, given by DT"-’, where D denotes the maximum working hours allowed under STW and h
represents normal working hours. The solid line looks at an economy where the variance of the
productivity shocks is the same for firms with transitory and permanent shocks while the dashed
line looks at an economy where the variance of the productivity shock for firms with transitory
shocks is higher than with permanent.

Figure 2.4.6 illustrates the optimal eligibility condition in an economy with two
types of firms: those experiencing permanent productivity shocks and those facing
transitory shocks. When the share of transitory firms is small, the government
opts for a looser eligibility threshold. This allows it to rescue all firms with
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permanent productivity shocks, maximizing the welfare gains from preserving
these matches. Although some firms with transitory shocks may enter the system
without needing support, leading to windfall effects, the associated welfare loss
remains limited as long as the share of transitory firms is low.

As the fraction of firms with transitory shocks increases, however, the welfare
costs from these windfall effects rise, while the absolute gains from rescuing firms
with permanent shocks diminish. Eventually, the welfare losses from inefficiently
supporting transitory firms outweigh the benefits of preserving permanent
matches. At this point, the government tightens the eligibility condition, effec-
tively reducing windfall effects from transitory shocks, but at the cost of excluding
many firms with permanent productivity shocks from receiving support.

Proposition 4 characterizes how the optimal benefit level should be set under
the new eligibility condition. It mirrors the condition in Proposition 1, with one
key difference: the planner now accounts for the fact that firms with a recovery
probability below A < AR are effectively screened out by the eligibility threshold.

Proposition 4

Suppose the government can observe whether a job is at risk but not the expected
duration 1/ of the idiosyncratic productivity shock, then optimal STW benefits T,
can be written as:

Tstw,w ’ EcquW [h - hstW(R(A)) |A = A,R(Rstw)]

Weighted Net Transfer from optimal STW Benefits
on STW under Asymmetric Information

= Egor [ Tsw(A) - (1 — hypy RO |2 = AR Ry ]

Weighted Net Transfer from optimal STW Benefits
on STW without Asymmetric Information

PROOF: Appendix 2.C.4.4

Figure 2.4.7 plots the optimal short-time work (STW) benefits as a func-
tion of the share of firms facing transitory productivity shocks in the economy.
When the fraction of firms with permanent shocks is high, the government sets
a loose eligibility condition that includes all such firms. In this case, optimal
benefits are relatively low to encourage the reallocation of workers through the
labor market.

Surprisingly, as the share of firms with transitory shocks increases, optimal STW
benefits decline further. This is due to growing windfall effects: a rising number
of transitory-shock firms enter the system despite not needing support to survive.
As a result, the marginal effectiveness of additional STW benefits diminishes —
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the number of firms that can be saved relative to those that get distorted becomes
smaller. This is reflected in an increase in the ratio [nstw(k) / g';—(?)]. In response,
the planner reduces STW benefits to limit the distortionary effects of the STW

benefits.

Figure 2.4.7. Optimal STW Benefits
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Notes: The figure depicts the optimal uniform STW benefits 7, , when there exists information
asymmetry about shock persistence and the government chooses the minimum hours reduction
condition as eligibility criterion. The solid line looks at an economy where the variance of the
productivity shocks is the same for firms with transitory and permanent shocks, while the dashed
line looks at an economy where the variance of the productivity shock for firms with transitory
shocks is higher than with permanent.

Once the share of firms with transitory shocks becomes sufficiently large, the plan-
ner chooses to tighten the eligibility condition in order to curb windfall effects.
This policy shift leads to a sharp increase in optimal STW benefits, driven by two
main factors. First, the tighter eligibility criterion significantly reduces the num-
ber of firms participating in the STW system, thereby lowering the distortionary
cost of providing more generous benefits. Second, the stricter threshold effectively
screens out permanently unproductive firms. With fewer such firms in the system,
the need to incentivize reallocation through lower benefits diminishes, allowing
the planner to raise support levels.

At this point, only firms with transitory productivity shocks remain eligible for
STW. As a result, further increases in their share do not substantially affect the
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optimal benefit level.

When it comes to our interpretation of structural change, the model provides a
different perspective than in earlier sections. The optimal response of the STW
system to structural change depends critically on the initial share of firms with
permanent productivity shocks. If this share is low, then permanent-shock firms
are already being screened out by a tight eligibility condition, and the government
does not need to adjust the system in response to structural change.

However, if a structural shift increases the number of firms with permanent pro-
ductivity shocks a lot, the government may choose to include them in the STW
system. This requires loosening the eligibility condition, which in turn calls for
lower STW benefits to limit the distortionary effects of the system. By contrast, if
the economy already had a large fraction of firms with permanent shocks, then
the increase reinforces their presence in the system, and in this case, optimal ben-
efits should rise to better support them.

This highlights the central role of the eligibility condition in shaping the optimal
design of the STW system, particularly in the face of structural shifts.

2.4.4 Welfare Comparison

Finally, we examine how the introduction of STW affects overall welfare under
different information settings. Broadly, STW can create two types of welfare costs.
First, it may incentivize firms and workers to choose inefficiently low working
hours, distorting labor input. Second, STW — or subsidy systems more generally
— can lead to misallocation of labor. This includes both excess retention of
workers in permanently unproductive firms and premature separations in firms
experiencing only transitory productivity shocks. Table 1 presents the welfare
gains under different regimes, allowing us to assess the relative importance of the
hours distortion effect and the welfare costs associated with worker misallocation.

Table 2.4.1. Welfare Increase in different Models

Jobs at risk Jobs at risk, Only Working
+ shock persistence not shock persistence hours
Subsidy - uniform 2.6730% 2.6139% -
Subsidy - time dependent | 2.6730% 2.6209% -
STW - uniform 0.8359% 0.7868% 0.4653%
STW - time dependent 0.8359% 0.7901% 0.4653%

Notes: The table shows the percentage increase in consumption equivalents between the optimal
subsidy, respectviely STW system with respect to the baseline economy. The baseline economy con-
siders a fraction of firms with transitory shocks of p; = 0.5, so the economy under the information
setting "only working hours" sets the strict eligibility condition.
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It is striking that an optimal subsidy or STW system can effectively keep the wel-
fare costs from worker misallocation low. When we compare policy systems that
have full information about the shock persistence of firms to those that suffer from
this information problem, we observe only minor welfare losses due to misalloca-
tion. Consequently, allowing STW benefits to depend on the duration a worker
spends in the system also yields only limited additional welfare gains.

In contrast, the welfare difference between the subsidy system and the STW
system is substantial, underscoring the significant costs associated with working
hours distortions. The situation deteriorates further when the government cannot
reliably identify jobs at risk. In this case, the minimum hours reduction thresh-
old introduces a misclassification problem: some firms with permanent productiv-
ity shocks may be inefficiently excluded from STW, while others with transitory
shocks may enter the system despite not requiring support. In this calibration, the
government decides to perfectly screen out permanent unproductive firms, making
it superfluous to depend on STW benefits on duration.

2.5 Conclusion

One of the fundamental concerns surrounding job retention schemes such as
STW is the potential for labor misallocation. While previous research based
on suboptimally designed systems — such as in Cooper, Meyer, and Schott
(2017) —concludes that STW exacerbates misallocation of workers, this paper in-
vestigates whether optimal STW policy also leads to misallocation and, if so, how
it should be addressed.

The analysis shows that even under optimal design, STW policies result in some
degree of worker misallocation. The Ramsey planner aims to provide generous
subsidies to temporarily unproductive firms in order to avoid inefficient job de-
struction. Simultaneously, limited support is offered to permanently unproductive
firms to promote necessary worker reallocation.

STW systems partially accommodate this objective. Firms facing transitory shocks
are more willing to reduce working hours compared to those experiencing perma-
nent productivity losses. Since STW subsidies are typically linked to the extent of
hours reductions, the system naturally channels more generous support to firms
with temporary shocks, thereby alleviating the labor misallocation problem.

However, quantitatively, the paper finds that while working hours provide a useful
screening mechanism, it is insufficient to resolve the misallocation issue fully. In
particular, the STW system tends to undersubsidize firms with transitory shocks
and oversubsidize those with permanent shocks, resulting in both premature sep-
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arations and excess retention.

Optimal STW benefits are designed to minimize the welfare losses associated with
these two distortions. The optimal STW policy is calibrated such that the weighted
average of transfers across firm types — those experiencing permanent versus
transitory productivity shocks — equals the average weighted transfer level in an
environment where the duration of shocks is unobservable. Greater weight is as-
signed to firm types for which marginal changes in STW generosity lead to greater
match preservation. This targeting principle enables the STW system to substan-
tially reduce the welfare costs associated with misallocation. Quantitatively, I find
that the primary source of welfare loss under STW stems from distortions to work-
ing hours rather than from labor misallocation.

In practice, most STW systems employ a limited duration of the STW system.
When firms can perfectly check their eligibility condition, the paper finds sup-
port for a tiered system. Reducing STW benefits over time helps to screen out
firms with permanent productivity shocks. However, when STW systems rely on
a minimum hours reduction threshold as the eligibility condition, it serves as a
mechanism to screen out permanently unproductive firms, making it unnecessary
to adjust STW benefits over the duration of participation.

The paper offers two promising avenues for future research. First, it provides a
framework to quantify the welfare costs imposed by information asymmetries in
the STW system, offering guidance on the extent to which governments should
invest in firm-level monitoring to enhance policy targeting. A natural extension
would be to empirically examine how effectively governments can identify jobs at
risk and the administrative costs associated with doing so. For example, Fitzen-
berger and Walwei (2023) documents that the administrative burden of imple-
menting STW in Germany was substantial during the COVID-19 pandemic.

Second, the analysis offers a foundation for studying the optimal design of STW
in the context of structural change. The findings suggest that in the face of pro-
nounced structural shifts, reducing STW benefit generosity may be warranted to
facilitate labor reallocation, while simultaneously relaxing eligibility criteria to
accommodate a larger share of firms experiencing persistent productivity shocks.
A promising direction for future research would be to embed the framework in
a richer, multi-sector model with explicit sectoral heterogeneity and reallocation
frictions arising from sector-specific human capital.
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Appendix 2.A List of important variables and functions

Symbol

Description

Gy(€), ga(e)
P(A), p(A)
n
u=1-n
n(A)

n(A, k)
nstw(/\)
nstw(/\r k)

v
6=
f

q

p(A)

p(A, R)
Psew(A)
pstw(Ar k)
R(A)

R(A, k)

@)
D
R

DAY

stw(A)
s(A, h, R)
)

s*(A)

SLAJ

su(R)

Tstw

Tow(A)
Tstw,w

Tstw,w(k)
Tnet

stw

72 (2)

stw

e ()

stw,w

Totww(A R)

stw,w

C.d.f. and p.d.f. of idiosyncratic productivity shock

C.d.f. and p.d.f. of shock duration distribution

Mass of employed workers

Mass of unemployed workers

Mass of matches with expected shock duration 1/A

Mass of matches with expected shock duration 1/A, k periods after shock
Mass of matches with expected shock duration 1/A on STW

Mass of matches with expected shock duration 1/A, k periods on STW
Mass of posted vacancies

Labor market tightness

Job-finding rate

Vacancy-filling rate

Separation rate matches with recovery probability A

Separation rate matches with recovery probability A, after k periods on STW
Probability to enter STW for matches with expected shock duration 1/A
probability to enter STW k periods on the system

Separation threshold (on STW) in firms with recovery probability A
Separation threshold (on STW) in firms with recovery probability A, k periods on
the system

Separation threshold (no STW) in firms with recovery probability A
Eligibility threshold for STW (on working hours) - only in case 3

Eligibility threshold for STW (on productivity)

General subsidy function

Subsidy

Optimal subsidy without information asymmetry

Optimal subsidy with information asymmetry

Optimal subsidy with information asymmetry, k periods on the system

STW benefits

Optimal STW benefits without Information asymmetry

Optimal STW benefits with information asymmetry

Optimal STW benefits with information asymmetry, k periods on the system
Net-transfer STW benefits

Net-transfer with optimal STW benefits without information asymmetry
Net-transfer optimal STW benefits with information asymmetry

Net-transfer optimal STW benefits with information asymmetry, k periods on the
system

Unemployment benefits

Lump sum tax per shock

Table 2.A.1. Important Variables and Functions
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Symbol Description

m mass of matched workers

¢(h) Disutility of labor: '1’:—+:

y(e, h) Output

z(g, h) Output net of disutility (cons.-eq. units)

z(€) Shorthand for z(g, h(g))

Z(€) Output net of disutility under STW hours

Q) Average welfare cost of a match in STW with shock duration 1/A. Further, Q(A) =
pstw(A) : f')(7\)

QA k) Average welfare cost of a match in STW with shock duration 1/A that spent k
periods on STW. Further, Q(A, R) = pg,,(A, k) - Q(A, )

h(e) Hours worked (non-STW)

g e (€) Hours worked under STW in period k of the system

w Total wage

W (g, A, R)  Total wage function on STW

n Profits

V(g, A) Worker value (no STW), in firm with expected shock duration 1/A

Vo€, A, R)  Worker value on STW, in firm with expected shock duration 1/A, k periods on
STW

v Expected worker value, before idiosyncratic shocks realize

u Value of unemployment

J(g,A) Firm value (no STW) with expected shock duration 1/A

Json(&, AL R) Firm value on STW with expected shock duration 1/A, k periods on STW

J Expected firm value, before idiosyncratic shocks realize

Table 2.A.2. Important Variables and Functions
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Appendix 2.B Decentralized Economy

2.B.1 Equilibrium conditions employment

This section calculates various equilibrium expressions for employment. These are
defined by:

1. The number of workers that draw a shock this period:
1K-1
n = 6-q0)-1—n) +f DA (k) + A - n(A,K)dP(A)

0 k=1

2. The number of firms with shock duration 1/A, in period k after shock arrival
YA €[0,1] and keN,, k<K:

nAk) = Q-0 (1-pA,k) pA) -1

3. The number of firms with shock duration 1/A, in period K or more periods after
shock arrival YA €[0,1]:

(1 _ A)K_l

n(A,K) = a

-(1-pA,K)) - pA) - 1

4. Total employment
1Kk=1
n = f n(A, k) + n(A,K)dA
0

5. Separation rate after shock:

p(A,k) = G(max{R(A,1),...,R(A,K)})
+ G (max{§(A), Ry (W)}) — G (max{Ry,, (A, R(A, 1), ..., R(A, K)})

First we need to calculate n®. To do this, we need an expression for
3 S A-n(A, k) + A~ n(A, K)AP(A). Therefore, note that

A-nk) = A-A=-01-(1-p0) - p) - n°

1 1K-1
= f A - n(A,kdA =f DA @- (1-p(,K)) - dPQ) -
0 0

k=1
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and
A-nALK) = 1-DF (1-p,K)-pAD) - nf
1 1
f A-nAK) -dA = f Q-1 (1-p,K)-dP(A) - 1
0 0
Denote
K-1
Ep R = D A- A=D1 (1-pAk)+ Q-0 (1-p(,K)
k=1

This allows us to express the expression as:

1K-1 1
J DA (k) + A n(A,K)dP(A) = (1—f EK[p()L,k)]dP(A))mS
0 0

k=1

Insert n®

1K-1
J ZA ‘n(A k) + A - n(A,K)dP(A)
0

k=1

1
= (1 —f Exlp (4, k)]dP(l)) : (9 -q(0)-(1—n)

1K-1
ZA n(A,k) + A -nA, K)dP()L))

Rearranging gives:

1K-1
f ZA n(A, k) + A - n(A,K) dP(A)
0 k=1
1
1— [ Ec[p(A,K)]dP(A
_ i&dm APD o o
Jo Exlp A, 101dP(2)

This gives an expression for n’:

n = 9q(9) '(1—Tl)

[+ Ex[p (A, 1) 1dP(V)
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Inserting n® into n(A,k), n(A,K) gives:

0 -q(6
LK) = (A= (4= pOLK) - p) - D 1)
J5 Exlp (A, 1) 1dP(A)
11—kt 6 -q(6
g0 = S - p ) ) L)
J5 Exlp (4, K)1dP(A)

Inserting it into the expression for employment pins down n:

fol 290 . (1 — Ex[p (A, k)]) dP(A) :

n = 1—n

[ Exlp O, 10 1dP(Y)

Rearranging for n gives:

[o 89O (1~ B [p (A, 0])dPOY)
fol 2O (1 - Ex[p(A,00])dP(M) + folEK[p(A,k)]dp()L)

Consequently n® can be written as:

. 0 -q(0)
[189O) (1~ B [pa, 1) dPQV) + [, Ex[p (A, k) 1dP(A)

2.B.2 Job-Creation Condition

First, let us calculate the joint surplus of firms and workers after the idiosyncratic
shock has realized to (€, A):

S(e,A) = J(e,A) +V(e,A)—U
=z + Q-2 UE,D)+VEA)+A-(T+7)
—b—f-V-Q-fH)-U
=26 —b+1—-N UED+V(ED-D+A+A—f) - V-1

Insert the optimality condition for the wage-sum:
Se,A) = 2(e)—b+ 1 —A)-Se,N)+(A—f-n)-§

Rearranging gives:

1 _
S(e,A) = Z-[z(e)—b+(l—f~n)-8]
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The joint surplus of a worker on STW can be denoted as:
S(e, A,0) = Jg,(€,4,0) + Vi, (€,4,0) = U
Using the same steps as above, we can rewrite the equation to:

Sew(€, A1) = Jg,(€,A,1) + Vi, (6,4, 1) = U
= Z41(6) —b + Ty, (1)« (A — hyy 1 ()
+(1—=2)-1(e > R(A,2)) - S(e,A,1)
+(A—n-f)-§
= Z41(6) —b + Ty, (1)« (A — hy 1 (€))
+@Q—2A)-1(e > R(A,2)) - (242(€)
+ Ty (2) + (R — hy2(€)) — b)
+ (1 =212 1(e > R(A,2)) -1(e > R(A,3)) -S(e,1,3)
+(A—n-f)-S
+(1-2-(A=n-f)-S
K-1 k—1
= > a -] Jite > RALD) - (zg0une)
k=1 =2
+ Te(®) - (A — heyi(©) —b+ (A —n - f) - §)
K-1
+ A= ] J1te > RA,D) - S(e,1,K)

i=2

After K periods, the STW does not change anymore:

Sew (&, K) = 2 (€) + Ty (K - (R — Ry k()
+ (A=) S ALK +A—n-H-§

Rearranging gives:

1 - _
Sew(€,A,K) = h [Zstw i (€) + Tew &) - (R — Ay (€)) —=b+ A —n - ) - §]

The surplus on STW can thus be denoted as:

K-1 k—1
Sawle 2 1) = > (1= [1te > ROLD)
k=1

i=2
(2o () + Teo®) - (= hypy 1)) = b+ (A =1 - £) - §)

(1 _ }.)K_l
4 -
A

K—-1
-l_[il(e > R(A,1))
=2

(2w (©) + Ty ) - (A = Ry (€)) b+ (A =1 - ) - §)
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The expected surplus of a match before the idiosyncratic productivity shocks are
known can be denoted as:

oo
S =—7 +J f S(e, A)dG(e)dP(A)
max{&(A),Rsn, (A}

max{Ry, (A),R(A, 1)}
J J Ssew (€, A, 1)dG(€)dP(A)

R(A,1)

Insert the expressions for the surplus after the idiosyncratic shocks have been
realized:

1 o0
S:_T+f f l.I:z(e)—bﬁ-(k—f-fn)-g]dG(E)
max{&(A),Rsy (1)} A

1K-1 max{Ry,, (1),R(A,1),...R(A,K)} )
- f Zu— ARt J [ 20 () + Tiy () - (A — gy ()
0 j—

max{R(A,1),...,.R(A,k)}
—b+(x—n-f)- §]apca)

1 (1 . A)K_l max{Ry,, (1),R(A,1),...,.RA,K)} .
+ f — f [ 240k (€) + Ty (@) - (7 = g 1 (€))
0 max{R(A,1),...,.R(A,K)}

—b+(—n-f)-§JaP(n)
Note that the government budget constraint has the following form:

= 1—-n)-b

J _nAk)
0 1 - p (A, k)

fmaX{meR(w ..... R(AK)

T (&) - (R — Ry, (€)) - Gy (€) dP(X)
max{R(A,1),...R(A,k)}

Inserting the definitions for n and n(A, k) gives:

max{R,,, (1),R(A,1),....,R(A,k)} _
— Nk J Tow (k) - (N — Ry (€)) dG; (€)AP(R)

max{R(A,1),...,R(A,k)}

(1— A)K_l max{R,,, (1),R(A,1),...,.RA,K)}
+ f A J‘
0

max{R(A,1),....R(A,K)}

oo (K) - (R — g, (€)) dG) (€)dP(A)

Using the equilibrium outcomes for n and n® lets us rewrite the budget constraint
to:
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1—
Tl‘b

2l

(1= ExlpRA,K]) -
K

max{R,,, (1),R(A,1),...,R(A,k)}
f — )k J Tonw * (R — gy (€)) G (€)dP(R)
0 k=1 max{R(A,1),...,R(A,k)}

(1 — A)K-1 max{Ryy, (A),R(A,1),....R(A,K)} )
+ J — J Tonw * (R — Ry (€)) dG (€)dP(R)
0 max{R(A,1),...,.R(A,K)}

Inserting it into the surplus equation cancels out the direct impact of the joint
surplus on job creation.

':J J L @-bv-12" by (a—f n) 56
max{E () Ry (D} n

1K-1 max{R, (1),R(A,1),....R(A,k)} 1—n
+L Za—x)k— f (2 (€) =b = —— b

max{R(A,1),....R(A,k)}
+ (A —mn-f)-81dG(e)dP(V)

.\ fl (1 — A)k-1 fmax{Rsm(l),R(l,l) ,,,,, R(A,K)} 1—n
0 n

b

2 [Zstw,K(e) —b-—
max{R(A,1),....R(A,K)}

+ (A —n-f) - §1dG(e)dP(A)

We can simplify the expression to

1 ,K-1 b

= f (2(1 — k1. U 2(€)dG,.(e) — QA k) — —

0 Mi=1 A(MK) n
+(A=n-6-9®)- SDdP()L)

1 _ k-1
+f (& . U z(€)dG, (e) — 2(A,K) — b
0 A ALK "

+(A=n-6-9®)- SDdP()L)
with

AA,k) =[max{R(4,1),...,R(A,k)}, max{Ryy, (1),R(A, 1), ...,R(A, k) }] U
[maX{Rst'W (A)5 g(l)}: OO)

Insert the free entry condition and make use of the optimality condition for the
joint surplus:
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k _

" =J=(01-mn)-S§
G d-m
@S——l L
~1-n q6)

This gives:

1 X 1 ,K-1 o b
— . = 1— k1. dG, () — QA k) — —
ey JO (Z( ) [L(A,k)Z(E) 2(6) = 20,0 —

k=1
A—n~9-q(9) k, )
dP(A,
B p—- (0)} )

1 — k-1
n f (& ) [f 2(€)dG; (e) — 2(A,K) — b
0 A ALK "

A—n'Q-q(G) k,
dP(A
R (mD w

In case of s(A,hy, i, k) = s(A, hgpy 41,k +1) we can write the job-creation condi-
tion as:

—1 . k-1 Oo _ _E
1-1 q(Q) f(z(l A) UR 2(€)dG; (€) — ROLK) —

(A,k)

A—n-@-q(@) k, iD
dP(A
" I—mn " q(6) @

1 _ k-1 0
+J (% . U 2()dG5 (€) — QLK) —
0 A R(ALK) "

+A—n-9-q(9) k, :de(l)

1—n q(6)

If s(A, hgpy ko k) < s(A, hypy 41,k + 1) we can write the job-creation condition as:

_1 . k—1 OO _ _é
1—1 q(e) L(Z(l A) UR 2(€)dGy (€) — 2L k) — —

.1

A—n-@-q(@) k, ])
dP(A
’ I—n q(6) @

1 _ 9 k-1 oo
+J (& . U 2(€)dG (6) — QLK) — 2
0 A R "

A—n-@-q(@) k, ])
dP(A
’ I—n " q(6) @
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2.B.3 Bargaining

max Ji=n. (\7 — U)77
w,h(e,A),hgp, (€,A)E(A),R(A)

v—u)" i\
“an (550 e (52g) =

Rearranging gives:

FOC for w:

J
V—-U=mn-S

Insert into the bargaining problem:

1-n
max 1—n -n"-S
h(e,A),hs0m, 1 (€,4),E (A),R(A) ( )

FOC for h(e, A)
1
aQ—mt.qn. N “Ex[(a-A-e-h(e, )™ — ¢'(h(e,A)))] - pA) - gsle) = 0

S a-A-e-h(e,A)™* = ¢'(h(e, 1))
& a-A-e-h(e)™ = ¢'(h(e))

FOC for hy,, i (€, 2)

A= g7 1= A (a A€ By (e, 1)
= ' ({6, 1)) = T4y () ) - PV - 1) = O
S a-A e hg(e, )7 = ¢/ (e, A)) + Ty (0
S a-A-e- hstw,k(e)_a = ¢/(hstw,k(€)) + To (k)
Suppose that £(A) > Ry, (A1). Then the FOC for £(A) is:

A _
I% g2 EW) - (2w ROLK) —b+ (A —n-f)-5) = 0

Inserting the free entry condition and rearranging gives:

(=n-1) *,

Zw R(A,K)) — b +
1—n q

=0
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Suppose that R(A,k) <Ry, (A) and suppose that the subsidy function is weakly
decreasing over time spent on STW. Then the FOC for R(A, k) is:

A _
(1— k- ‘% 1 Ry )+ (200 RAKD = b+ (2= -f) -3) = 0

Inserting the free entry condition and rearranging gives:

(A=n-f) &

B ROLR) —b + S — =2 o =

The derivations for R(A,K) follow the same logic and are not replicated here.
Suppose that R(A,1) <Ry, (1) and suppose that the subsidy function is weakly
increasing over time spent on STW. Then the FOC for R(A, 1) is:

K—1
(Z A (1= DK (2000 ROL D) + Tany () - (A — hypy R(A, 1))
k=1

(1 _ A)K—l B
" (2o R, 1)) + Ty, (K - (h — B, R(R, 1))))

_ A
—b+()L—n-f)-S)-I¥-gA(R(l,l)) =0

Rearranging gives:

K—-1
D2 A= (2 RAL 1) + Ty () - (A — bk R(A, 1)) ]
k=1

+ (1= 2k R, D) + Ty (K) - (R — Ry x R(A, 1)) ]
A—n-f Kk

—b+ =
1—-n q(6)

2.B.4 Hours Distortions

(i). The welfare costs of STW can be denoted as:

max{Rs, (A),R(A,1),...R(A,K)}

~ : dG, (e)

ALK = f [z(e)—zm(e)}ﬁ
max{R(A,1),...R(LK)} Pstw (A, k)

From Nash-Bargaining, we can infer:
z(€) — Zgy(€) > 0

Note that in Nash-Bargaining, h(e) is chosen to maximize z(e,h(e)). And hy,, (€)
is chosen to maximize 2(€y,, Ny (€)) + Ty - (h— Ry, (€)). As long as T, # 0 we
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get h(e) # hy,,(€). Thus, the first part of the equation must be larger than the
second, which fulfills the condition. This implies that 2 > 0.

(ii). Form the derivative of the welfare costs for the STW benefits:

Ry (), R(A,1),...,R(A,K
aQt B Jmax{ stw( ): ( > ), > ( > )} ahsm,(E) . (
O Tstw,t max{R(A,1),...RCL,K)} 9 Tstw

@-A-e- Ry, (% — ¢/(hsm(e)))dG(e) >0

Using the optimality condition for the hours choice on STW, we can rewrite
the equation to:

!
—— Ty - dG(e) = 0

O Tspw

20 max{Ryy, (1),R(A,1),...R(A,K)} Ohyy, (€)
O Tspw

max{R(A,1),...,.R(1,K)}

Since the derivation of the number of hours worked for the STW benefits is nega-
tive for a < 1

dhy,,(€) _ 1 -
07y,  a-(@a—1)-A-€-hy, ()22 —1 - hy, (e)¥1
for a € (0,1), ¢ > 0, € > 0, hy,(¢) > 0

and the STW benefits 7, need to be positive, we can conclude that the derivation
for the welfare costs of STW must be weakly positive.

(iii). Form the derivative of the welfare costs for the eligibility condition. When
Ry, (A) is large enough then:

an

ETO [2Ryt (A), ARy (A))) — 2(Ryy (M), By (R (AN ] - 82 (R () >0
Ry (1)

& 2Ry (M), ARy (A))) — 2(Rsy (1), Ay (R (A))) >0

As argued in (i), this equation must hold due to the Nash-Bargaining set-up. Oth-
erwise, the derivative is zero trivially.

Appendix 2.C Ramsey Planner

2.C.1 Ramsey Problem
— Job at risk observable, weakly decreasing benefits schedule

For simplicity, it is assumed that 8 — 1. Further, I use a guess-and-verify
approach to calculate the optimal benefits. I guess that the optimal sub-
sidy schedule is weakly decreasing with time spent on the subsidy sys-
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tem: s(A,hgy,  (R(A,K)), k) (A, k) = 5(A, gy i1 R(A, k+ 1)),k +1). This implies
that separation thresholds must be weakly increasing: R(A,k) < R(A,k+1). To
verify the guess, the optimal subsidy schedule calculated by solving the Ramsey
problem must be weakly decreasing. Thus, the Ramsey problem becomes:

1 /K-1 o}
max  n’- f (2(1 — A J z(e) — (4, k)dGA(E)) dP(V)dA
s(A,h,k) 0o o R

Ak
1 _ a3yk—1 0
+n- J (& : U 2(€)dG; (€) — Q(A,K)D dP(A)dA
0 A R(A,K)
—(1—n)-0 -k,

subject to

1. The number of workers that draw a shock this period:

1K-1

n = 6 -q(@)-(l—n)+f DA (k) + A - n(A,K)dP(A)
0 k=1

2. The number of firms with shock duration 1/A, in period k after shock arrival
YA €[0,1] and keN,, k<K:

nAk) = (1—01 1 -GRA,K) -pA) - 1

3. The number of firms with shock duration 1/A, in period K or more periods after
shock arrival YA €[0,1]:

(1— ¢!

n(A,K) = P

+(1=GRA,K) -pV) - 1°

4. Total employment
1K-1
n = f n(A, k) + n(A,K)dA
0

5. Job-creation condition:
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LI I ) b
l1—=m q(9) J(Z(l A) UR 2(€)dG;(€) = QI — ~

(AK)

A—n-@-q(@) k, :D
dP(\
T e |)FW

1 _ k-1 >
+f (&U z(e)dG;L(e)—QUL,K)—E
0 A R(A,K) n

+7L—n-6-q(9) k, :DdP(l)

I—mn q(6)
6. Separation Conditions for firms without access to a subsidy YA € [0,1]:

A
A)—b =
EW) —b+ T =

7. Separation condition with access to a subsidy YA €[0,1] and keN,, k <K:

A_T)f k, _
1-n q6)

Zsw k R(A, K)) + s(A, hgpy  R(A,K)), k) — b +

2.C.1.1 FOCs
FOC for n®:

1 K-1 )
o _ f 1 .E(Zu — kL. f 2(€) — (A, k)dGA(e)>dp(x)dx
ans 0 A o R

(Ak)

1 _ ank—1 o0
" f (% . f z2(e) — A, k)dG,l(e)) dP(A)dA
0 R

A,K)

1K-1
- f 2.0 = 1= GRMAL0) - p(,k) - dP(R)dA
0

k=1

1— 0%

_ f % - (1= GLR(A,KD)) - u(A,K) - dP(A)dA
0

_‘w; =0

FOC for n(A, k)

= A —u,ALK+A, =0
an(},,k) llJ"n “Tl( > )+ n

FOC for n(A, k)

= A — Ak ~ 0
an(L, k) P = Hin (A ) i
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FOC for n

d
5. = kve_tu’n_gq(e).u’il

)
" b 1 ,K-1
g fo (;(1 — D (1 - GRMLK))

k-1
+(1 A)

A (11— Ga(R(/l,K))))dP(%)

I
o

FOC for 6

a S
g = o A-m+0-7)-q0)-A—n)-u

1 K, Re

k
1_n Y v f

fl 1 A-ry—f-m
+ .
0 1_77 f

A
- (l% (=BG BD) - g — (A — uRW(A))dA
=0
FOC for R(A, k)
O LA g ®RALK) - p(A) -
R, k) AR

(Zaw sk RALK)) + 25 (A, 0))
— g - (1= g RA,K) - p(A)

b A—n-6-90) K
(R Iy — 2+ 2 )

- AU’R(A" k) * (A - € - hStW,k(R(A" k))a + Cf)
=0

FOC for R(A,K)
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4 (1— !

— =~ g ®RAK) pN) -1’
OR(A,K) 2 g8 (R(A,K)) - p(A) - n

(2w ik RALK)) + A5 (A,K))
o 2
b
: (zmk(R(A,K)) ——+

-8 R(A,K) - p(A)
A—n-0-q0) Kk,
1—n . CI(Q))
— BROLK) - (A~ € - by x ROLKN® + ¢7)
=0

2.C.1.2 Calculate optimal job-creation condition

Insert FOC for n(A, k) into FOC for n gives:

b 1 ,K-1
a4 K) = pig - ;J (Z(l—x)k—l - (1= GR(A,K)))
0

k=1
1—2 K-1
+ % (1- GA(R(A,K))))dP(X)
+k, -0+ (A—0-q6)
=0

Inserting FOC for n(A,K) into FOC for n gives:

b 1 ,K-1
LK) = pg - ﬁf (Z(l—x)k—l - (1 - GRM,K)))
0 \Nk=1

1—2 K-1
n % (1- GA(RUL,K))))dP(l)
+k, -0+ (A—6-90) 1
=0

Rearrange FOC for n® for u;:

1 K-1 0
= J (2(1 — Dk J (z(e) —.Q()L,k))dGA(e))dP(A)dA
0 R

(Ak)

1 oo

1— )kt

+J ((T) J (z(e) —Q(A,k))dGA(e))dP(A)dA
0 R(A,K)

= (1— K1

— k_l .
1-2 pd, k) + x

+
o
2
N
~ =
il

- u(l,K))dP(A)d?L
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Insert u,(A,k) and u,(A,K):

1 /K-1 (e3¢
= f (Z(l AR J (z(e)—Q(A,k))dGA(e))dP(l)dk
0 ROAK)

N J (u f (z(e)—Q(A,k))dGl(e))dP(?\)dl
0 A R(A,K)

1K-1
+ f D=0 A = GRALK - (k, - 0 + (A — 6 - q(0)) - it ) dP(A)dA
0

k=1

(1 _ A)K_l S
il R (1-GRAK)) - (k, -0+ (A —06-q(0) - 1) dP(N)dA
0

b
tHe

1 /K1 (1 — A)k-1 2
: [ f (Z(l =D (= GRALK)) + - (1= GA(R(A,K))))dP(A)}
0 \k=1

Insert definitions of n and n®:

1 /K— oo
f (2(1 — k1. J z(e) — A, k)dGA(e)) dP(L)dA
R(A,k)

N T' 2(6) — 20, K)dG, (e) | dP(M)dA
R

(A.K)
1K=1

2(1— V(1= GRAI) - (k, -0+ (A — 6 - q(0)) - 1) - dP(A)dA

(1 _ ),)K_l s
+ | T A= GRAK) - (k- 0+ (A—0-90) - ;) - PAIA
0

+ .
Ue ()2

We can simplify the expression to:

1 [e%e]
W= f EK[ f z(€) — 2(A,k)dG, (e) |dP(A)dA
0 R

(Ak)

1
+ f (1 —Eg[GLRAKN]) - (ky - 0 + (A — 6 - q(6)) - ) - dP(A)dA
0

b
+ Ug - _(nS)Z

Rearranging the FOC for 0 gives:
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with

-1 kMo
o T Y rra-n

1
L 1-n f-Q-mn ( 2 (1 —Ex[G(A,K)]) - pe

— g ) — g (A))da

This allows us to derive the constrained efficient job-creation condition:

1+ y k, _
1—7r q(6)

1 oo
f EKU (z(e) — .Q(?L,k))dGl(e)}dP(A)dk
0 R

A,k

1
+ f (1 —EK[G;L(R(JL,K))]) . (
0

A'Y_ kv _9q(9) kv
1—y q(0) 1—y q(0)

A—0-q6)-x kv)
. dP(A)dA
L 2o )P
+M9‘(n5)2

Rearranging gives:

1 [ele]
1+x. & _ J EKU (z(e) — (A, K)) dG,, (e) |dP(A)dA
1—y q(0) 0 ROAK)

1
1 k
1 —Ex[G,(R(A,K —
+f0( «[GL(R(A,K))]) T 2

(A-y—6-q0) + (A —0-q0)) - x)dP(A)dA

+ Ug - ()2

Next we can calculate the deviation of the constrained efficient job creation con-
dition from the constrained efficient:
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1+yxy k&, 1 k,
11—y q 1-—7n q(6)

1 [ele)
= f EK[ f (z(€) —Q(A,k))dGA(e)]dP(A)d)L
0 R

(A,k)

1
1 k
1—Ex[GL(R(AK i
+Jo ( k [Ga(R( ))]) =7 40

(A=6-q0) -y+ (A —06-q0) - x)dPA)dA

+M9'(n5)2
1 oo b
—J EK[J (2(6)———Q(A,k))dGA(e)]dP(l)dk
0 ROALK) n
1
1 k
— | (1=E[GRA,K)]) - —— - —
fo( k[GRALKD]) - 1= 55

(A =6-q0) - n)dP(L)dA

Rearranging gives:

1
_n—rYy. ko _ [ 1 b b
(x 1_n) e —LAEKU O R
n—r) k,

+E[(1—GOLK) - (W — 6 - q(O))] - (x -1or). K

This is equivalent to:

1
_n-r\. ko _ ZAY S _ b
(l 1—7)) q(0) _(1+n3)f07t Ee[1= G, 00] n

1
+J %-EK[H —G(A,K) - (A—0-q(®)
0

n—y k,
Ay =L dP(A
(X 1—77) q(G)] )

Finally, we can find an expression for ( X — %) . qlg—é):
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(X_u).i
1-n/ q()

1
1
JX(LJM@@@D@W
0

T - a(0) 1
f . (1 —Ex[G.(A,10])dP(V) + J Ex[Gc(A,k)]dP(A)
0

A 0
.(H@).é
ns n

Inserting the equilibrium expression for employment n lets us simplify the equa-
tion to:

VY
P
[

S
[ |1
3=
N——
=

<D<>‘N
p—

[
N
—_
+
CRRS

D>
N———
| o

2.C.1.3 Calculate optimal separation conditions

Subtracting the decentralized separation condition simplifies the FOC for R(A, k):

(1= g RALK) - pA) -1+ (2 e RALK)) + (A, K))
1 —_
— g - (1= g, RALK)) - p(A) - [s(x, Ry 1o k) + - n. b]

+ Ur(A,K) - (A - € - Ry RALKN* +¢;) = 0

Subtracting the decentralized separation condition simplifies the FOC for R(A,K):

(1— ¢! ‘ ;

& ROK) - pA) - 1+ (2000k RO + 15, (4,K))
1— ¢! 1—

— g - % g, ROLK) - p(A) - [s(k, oK) + n. b]

+ ur(ALK) - (A - € - Ry k RALKD* +¢f) = 0
Insert the Lagrange multiplier u, (A, k) in FOC for R(A,k):

A -1 g RAK) - p) - 1

: (Zsfw,k(R(l,k)) + ‘:l—f . g +k,-0+A—6-q0) - Mi)

1 —
Ly (1= A g RALKD) - p(A) [s(x, R k) + 1 b]

n
+ urALK) - (A - € hy ) RALKD® +¢;) = 0
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Insert the Lagrange multiplier u,(4,K) in FOC for R(A,K):

11—
% ‘& RMAK) -pV) -
: (Zs[w,k(R(AuK)) + % - S +k,-0+A—6-q0) - Ui)
10! 1—
L % “ & RA,K)) - p(A) - [s(k, g k) + - n -b]

+ ur(AL,K) - (A € - hay xR +¢;) = 0
Insert the Lagrange multiplier u; in FOC for R(A,k):

1= g RA,K) -pA) - 1

Ay—60-q@)+@A—-0-q90)-x Kk,
1—v ' q(e))

—pe - A= g RALK) - p(A) - s, Ay g, )

+ ur(A,K) - (A - € Ry s RALK)D® +¢) = 0

: (zstw,k(R(;L, K) + ‘:—9 b+

Insert the Lagrange multiplier u; in FOC for R(A,K):

(1 _ 7L)K_1
A

: (zsrw,k(R(A,K)) y Moy
ns

‘& RA,K) -p(A) -’
Ay—6-9q@)+A—-6-90)-x Kk )

1—7v q(6)
1—A)K!
e - % @ RA,K)) - pA) - s(A, hgyy 1, K

+ ur (LK) - (A - € - Ry RAK)D® +¢;) = 0

Subtracting the decentralized separation condition from FOC for R(A,k) gives:

A -1 g RALK)) - p) - 1

. BoY ., _ _a. o, _n=r\. k_
((1+ ns) b =5, A k) + (A= 6 - q(6)) (x 1_n) q(g))
— g - (1= DR g RALK) - pA) - s(Ay By 1K)

+ upAL,K) - (A - € Ry RLK) +¢;) = 0

Subtracting the decentralized separation condition from FOC for R(A,K) gives:

1— )kt
% -G ROALK) - pA) - 1
o\ , —0.q) [y 121 Kk
. ((1 + ;) -b S(A:hstw,k’k) +(A—-0-q00) (X 1— ,r)) q(g))
1— )k
— Ug * % . g},(R(A‘JK)) 'p(A) ) S(A) hstw,k7k)

+ upALK) - (A € - hyy x ROLKD +¢1) = 0
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Subtracting the decentralized separation condition from FOC for R(A, k) gives:

(11— g RAL,K) -p) -n* - (A — 6 - q(0))

U n—y k,

—pe - (1= g RALK) - pA) - s(A, gy 1, )
+ ur(AL,K) - (A - € hy ) R +¢) = 0

Subtracting the decentralized separation condition from FOC for R(A,K) gives:

1— )k
% g ROLK) - pA) -
o) . T P i B
((1+ ns) b — (A, hy, KO + (2 — 0 - q(6)) (% 1_n) q(e))
l_kal
— Ug - % 'g},(R(AfK)) 'p(l) . S(A‘Jhstw,k’K)

+ upALK) - (A € - hy k RLKN +¢;) = 0

Rearranging the FOC for R(A, k) gives:

1 -1 g RA,K) - p(D) o (A )
A,k) = (14 =2 ) (2 b =5 by i,k
ugr(A, k) (¢ hans RO+ ) n ( e ) 7 s( Ko k)

Rearranging the FOC for R(A,K) gives:

(1_1)[{—1
AK) = A - (1+22) (2 b—sA by i, K
(0 (A€ hyxRA,K) +¢f) " ( ns ) ¥ S At i, K)

2.C.1.4 Optimal Subsidy — Jobs at Risk and Shock Persistence Observable

FOC for subsidy under full information:

d
SRR =0

The optimal subsidy thus is:

s(A,h k) = s*(A) = %-b

Note that the Lagrange multiplier for the separation condition is zero. Thus, we
can infer that the full information subsidy can implement the optimal separation
condition, proofing Corollary 1. The remainder of Corollary 1 is trivial.
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2.C.1.5 Optimal STW benefits — Jobs at Risk and Shock Persistence Observable

FOC for STW benefits with horizon k under full information:

a -
o = MR - (A~ R RQLKD)

dN(A,k)

1 k-1 : Bo) . pe. 200
(- p) (1+ns) N et R

Insert the Lagrange multiplier for the FOC for R(A,k):

PN (-~ 2RAR ) (142
A=2 guRAK) - (s ) p - (14 22)

A —
: (f b= Ty (k) - (= By e RO, k))))

LA ) (14 M) . 92K
1= pd) (H ns) L
with
BROLK) h — hop kR, K))

0T ALK A€y ROLK)® + ¢

The optimal subsidy thus is:

- _ A (LR d0MLk) |, dn(A.k)
TewA,K) - (A = hygy R, K))) = 7 b OB afsm(x,k)/awm,k)

with

JR(A, k)

on(A.k) .(_ (A, K)
(1= g, R(ALK) 1 G0

T Ok) )'pm N

Using Definition 1 we can rewrite the expression to:

R A on(A, k a0,k
Tsow (A, KD - (h _hstw,k(R()L,k))) = ? -b— (nstw(l,k)/ n(a, k) ) A, k)

0T MK ) 0t (AK)

Note that 7, (A,k) is independent of k. To prove this, we can use the guess-
and-verify approach. We guess that 7, (A,k) = 74, (A,k) V keN,, k <K. This
implies that R(A,k) =R(A) and hy,,  (R(A,k)) = hy,,(R(A)) V keN,, k<K as
well. Trivially, this implies that

Nk oW
ATy MK BTy, ()

V ke N, k <K
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Finally, we have to check whether the following quotient is independent of k:

gy () /2R (1= " pou,(A,K) - p(A) - 1
T -kt g ROLK) - (—E ) PR -
pstw(x’k)

.00 ()

Knowing that the separation threshold and the hours choice are independent of k
as long as 7, is independent of k implies trivially that we can write the quotient
independent of k:

on(k) Psw)
2Tl g R - (—20)

Ny (A, K)/

We can rewrite the condition for optimal STW benefits as:

Taw LK)« (A = Ak R(A,K)) = T4, Q) - (R — hyy RAV)))

A dn(d) \ 220
= 7 b (nsm(l)/afstw()t)) 3Ty (M)

2.C.1.6 Optimal Subsidy — Jobs at Risk, not Shock Persistence Observable

FOC for subsidy when only jobs at risk are observable for firms that spend k <K
periods on the subsidy scheme:

P 1K
—_— = — AkK)dA = 0
R JOZMR(,)

k=1

Insert for the Lagrange multiplier:

1 K
S = D g RALK) - p) - BAI (1+12). (& b —s)dl
0 = Js

1 4 k-1
+J a-A g RAAL,K) - p(A) - OR(A,K) .- (1 + @) . (& -b —s)d/l
0

A ds
=0
with

ORAK) _ 1
ds A€ hg RO+
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Note that a uniform subsidy implies that the separation threshold does not change
with time spent on the subsidy system:

R(A,k) = R(V)

This lets us simplify the FOC for the subsidy to:

1
1 JdR(A) . A L B
fo 1 & RA) -pA) - —5, " (f b s)dl =0

Rearranging for s gives:

o [ pean S (),
0 f L. ROY) -p) - BRE s gy \Sf

Note that s(1) = 4. b. Denote w(A) as weight for the optimal subsidy:
f

1. g (R -p) - BAL . s

f % g R(A)) - pA) - a%(f)-nS-d)L

an(A)
Js

13(/1)
[y 52 -da

w(A) =

This gives:

1
s = E, [s(V)] = J w(A)s(A)dA
0

2.C.1.7 Optimal STW Benefits — Jobs at Risk, not Shock Persistence Observable

FOC for subsidy when only jobs at risk are observable:

a J Z.uR(A K - (A = Rk R, K))) dA
Tstw 0

k=1
1K-1
JZ(l—)\)kl PV - (1+“9) e SOAB g
0 k=1 8Tstw
1— )k oN(AK
_—( A) 'p(A)'(l-l-&) ns.—afc ) =
stw
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Insert for the Lagrange multiplier:

1K-1
IJR(A k
f > - @) ) - D (14 K2
0

k=1 Tstw ns
(& b— (Ft—hm(m,k))))dx
! 8RO\ k
+f —) & RA,K) -pA) - % - (1 + 'u_f)
0 Tstw n
A _

(%05 (= R @2, 10) ) 2

1K-1
f Z(l D) - (1 + @) o 902, k) - dA

0 k=1 0Ty

— Ok U s 002(A,K) _
L ) (1+ ) WS A= 0

Note that uniform STW benefits imply that the separation threshold does not
change with time spent on the subsidy system.

R(A,k) = R(V)

This also applies to the welfare costs of STW:

200,k _ 32K

0Ty 0Ty

This simplifies the FOC for the STW benefits to:

1
1 ORA) s (2 oy (R
L 5SRO p@) - o= ( Fb T T ( hstw(R(/U)))d/\
1
1 22
_ . (A) .nS. .dA = 0
JO A P ! a/.L—stw

Rearranging for the net transfers gives:

To - (A — hm(R(An)
L2 a®R) p - A s

fol g RA)) - p(A) - aR(M‘) ns - da

A n,,(A) ) 2201 2420
(j_” ) b_( an(\) ) 0T () 074 )dl

9T ()
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Note that s(1) = % -b. Denote w*™ (1) as weight for the optimal subsidy:

L. g RO) - p(A) - LB s

wstw(),) = T aif(r;[;,
[3 % & ®RON -p) - LD - ps
an(A)
L
T lan
0 T2 dA

This gives:
1
f W™ (A) Ty - (R — hypy R(A))) dA
0

1 ~
p) an(d) 202
= st'W)L _.b_(s A ) :|d7t
Jo o )[f T G ) G

or equivalently:

_ A
Egon [ Tspwoo (R — Rypy RN ] = Egpsow [f

Using the notation of the main part, we can also express this as dependent on the
optimal STW benefits without information asymmetry:

-b—(nsm(k)/ on(A) ) 202\ ]

9 Tgr(A) 2 Tsw (A)

Egow [ Tstw (1 = Mgy ROD)) ] = Egoow [ Tsy () + (A — by ROD)) ]

2.C.1.8 Optimal Subsidy — Time dependent System

FOC for subsidy when only jobs at risk are observable for firms that spend k <K
periods on the subsidy scheme:

a J—
as(k)

1
—f pr(A,KdA = 0
0

Insert for the Lagrange multiplier:

1
f A -0 G ®OK) - p) - B e (14 o). (% D —s(k))‘”
0

ds(k) ns
=0
with

RAK) 1
ds(k) A€ hy RAK)® +
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Rearranging for s(k) gives:

: —.b)da
(1— k1 g RAK) - pA) - B s - an \Sf

“ f (1= HF - gy ROLK) - p(A) - BEB ps (2
S =

1
o Jo

Note that s(1) = % -b. Denote w(A,k) as weight for the optimal subsidy:

11— g RALK) - pA) - LG e

ds(k)
wp(A) = BROK)
[o (=21 g3 (R(A,K)) - p(A) - 5552 - s - dA
an(Ak)
_ ds(k)
Tl an(nk
0 gs(k) -dA

This gives:

1

stk) = Ewk[s(k,k)] = f wr(A)s(A, k)da
0

FOC for subsidy when only jobs at risk are observable for firms that spend at least
K periods on the subsidy scheme:

a —
as(k)

1
—f ur(LK)dA = 0
0

Following the steps above, we can define weights

_)K-1
b - R R )l S
“K - 1 (1—p)k-1 RO = ot
fo D g R(LK) - p(A) - gs(aé? .ns - dA ; gs((éf)O . dA

so that we can express s(K) as:

1

s(K) = EwK[s(A,K)] = f wg(A)s(A,K)dA
0

2.C.2 Corollary 2

First, we have to show that the weight distribution in k+1 is first order stochasti-
cally dominated by the weight distribution in k:

f WA < J W (MdA Yx € [0,1]

0 0
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x 21K anQLk+1)

X
ot ot
—— ™ da < J ———> dA Vx € [0,1]
1 9n(Ak) 1 9n(Ak+1) ?
fo gT dA fo naTW dA

x an(A,k) an(A,k)

¢ a-n- %
Tt ff T g3 Wx € [0,1]

1 anm k) an(l k)
f dA o ( Fe=2dA,

Define
a(d) = 1—2A

Note that a’(1) = —1 < 0. Further define

an(A,k)
0Ty _ OTaw

1 0nA) 34 an(Ak)
fo Feo2dA,

f) =

Then we can rewrite the inequality as:

Jf(x)dx < f O TD 43 e € [0,1]
0 [y @) - fF)dA

Define

BG) = f ( _ o) —1)-fm.dx > 0 Vx e [0,1]
Jo a) - Fda

Note that since a’(1) < 0 there must exist A* such that

1
a(A*) = J a(d) - f(A)dA
0

This implies that B(x) >0 Vx €[0,A*) as

— g 20 vaeroa
[y @) - fF)dA

Vx € (A*,1] note that B'(x) > 0 as

M 1) <o vae ]
[y @) - fF)dA
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Further, note that B(1) = 0. B'(x) < 0 and B(1) = 0 imply together that B(x) > 0
Vx € [0,A*) This proves that the weight distribution in k+1 is first order stochas-
tically dominated by the weight distribution in k. This implies that:

E,[s(V] = B, [s(V)]

Wit

Thus, the subsidy function must be falling with time spent on STW! This also
proves the guess-and-verify!
2.C.2.1 Optimal STW Benefits — Time dependent System

FOC for subsidy when only jobs at risk are observable:

d

1
0t ® L R, k)« (A = by, k R, K))) d2

(1 — k1. : Ho . s, 900
QA-""-p) (1+ ns) TN

Insert for the Lagrange multiplier:

JR(A, k) s (1 + @)

1
—_— k_l . . .
L (1= 2" G ROK) - pQ) - S0 .

: (% o — Ty, (k) - (A — Ry, ROA, k)))) da

1
_ P = BN BoY . s 90K .
fo(l A) p(A) (1+ ns) n FEENS dA =0

Rearranging for the net transfers gives:

Taw (&) + (h = Ry R, K)))
- Jl A—D1 G RALK) - p) - &S e
0 [y(1—AF1 g ROLK) - p(A) - LREB .y g

07Ty (k)
N an(A,k)) 3020k
) (17 .b— (nsm(l,k)/a,rstw(k)) REENS) ) @

Note that s(1) = % -b. Denote wy(A) as weight for the optimal subsidy:

(1— D1 g RALK) - pA) - ZBER. s

0 Ty (k)
wr(A) = — - 3RO
Jo@ =21 g R(ALK) - p(A) - 5725 - m* - dP(D)
an(A,k)
. 0Ty (k)
1on@k) | 49

0 9Tk
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This gives:

1
f k(D) Tey () - (h = gy, R(A, K)) ) dA
0

) -
) . LK 8980,K)

or equivalently:

E,, [ Tsow () - (A — Ry, R(A,K))) ]

N an(A,k)\ 2024,k
—Ewk[ Fob (nsmtx,k)/afm(k)) aw(k)]

Again, we can express this dependent on the optimal STW benefits without infor-
mation asymmetry:

Ep [Tsow@®) - (A — Ry RA,K))] = Eyy [Torw A, K - (A — By, R(A,K))) ]

Accordingly, the optimal benefits for k = K can be calculated.

2.C.3 Ramsey Problem
— Jobs at risk observable, weakly increasing benefits schedule

Assumption: f =1.

Guess: s(A, hgy,  (R(A,K)), k) (A, k) < 5(A, hgpyy g1 RAk+ 1)),k + 1)
This implies: R(A,k) = R(A,k+ 1)

Then the problem of the Ramsey planner becomes:

1 /K-1 (o]
max n’®- J (Z(l — k1. J z(€) — N2(A, k)de(e)) dP(A)dA
s(A,h,D 0 p R(L1)

1 1 k-1 o0
b f (% . U 2(€)dG, (€) — Q(A,K)de(k)dk
0 R

(@)
—(1—n)-0-k,
subject to

1. The number of workers that draw a shock this period:

1K-1

n = 6 -q(6)-(1—n)+f DA,k + 4 n(A,K)dP(A)
0 k=1



210 | Optimal STW Policy and Labor Misallocation

2. The number of firms with shock duration 1/A, in period k after shock arrival
YA e€[0,1] and keN,, k<K:

nAk) = 11— 1 -GRA, 1)) -pA) - n°

3. The number of firms with shock duration 1/A, in period K or more periods after
shock arrival YA €[0,1]:

nAK) = ——— - (1 -GRA, 1) -pAA) - n’

1K—1
n = f n(A, k) + n(A,K)dA
0

5. Job-creation condition:

1 k = e b
- . = 1— ). dG -k — =
T LZ( ) [Lmz(e) 2(6) = 20,0 —

=1
A—mn-0-q08) k,
. dP(A
A mm}()
1 1 oK1 e
[P o0 -
0 A ROLD) !
A—n-0-q(0) k, i|
. dP(A
+ 1—1 q(6) W

6. Separation Conditions for firms without access to a subsidy YA € [0,1]:

A=n-f Kk

AEW) —b+ TS s =

7. Separation condition with access to a subsidy YA € [0, 1]

K-1

DA @ =D [k RO, + Ty, (6) + (R = hyy 1 R(A, 1))
k=1

+ 1=V [20,k RA, D) + Ty K - (R — Ry x R(A, 1)) ]
_patzn Sk

1-n q6)



Appendix 2.C Ramsey Planner | 211

2.C.3.1 Derive Lagrange multiplier for separation condition

Compared to our initial problem, the FOCs for the separation thresholds have
changed. The other FOCs stay conceptually the same and are not replicated here.
In contrast to a weakly decreasing subsidy system, separation thresholds R(A, k)
for k=2,3,...,K in a weakly increasing system do not affect employment. Thus,
their FOC is

%} ) B
RO = PR - (A ROLD - R RO +¢f) = 0

which implies that their Lagrange multiplier must be equal to zero: ug(A,k) =0.
Firms and workers decide to separate in the first period only. Thus, the FOC for
R(A,1) is:

a K—1
RO " —> A= D G RALK) - pA) - 1 - (2 RO K) + 15, (A, )
’ k=1
K-1
— o+ .= g RALK) - p(A)
k=1
. b A-n-6-q06) kv)
(zm,k(R(x, R 7
- A)K_l s s
- &RAK) - p) - (Z00x RALK)) + A3 (1,K))
1— 0!
— g % - g R(A,K)) - p(A)

b A—n-06-q(0 k
'(Zsrw,K(R(l,K))—;‘i‘ 7)1_nq( )'q(é))

—prA, 1) - (A Ryt R, 1N +¢f) = 0

We can rewrite this to:
A
Ex [ge(RUL, 1) - I& -n® - (zstw,k(R(A, D) + (A, k))]

A
A b A—n-6-q(0 k
#1g - B[ g R0, 1) - B2 (RO, 1) - 0 ¢ 2D S|
n 1—mn q(6)

+ ur(A, 1) - (A hgpy R, 1) +¢5) = 0

Insert u; (A,k):
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EK|:g€(R()L7 1)) . Z%M : ns ‘ (Zstw,l (R()': 1)) + ‘u_f . 2 + kv : 9
n n

+ (A —0-q(6) -ui)]

A b A—n-0-q0 k
+ue-EK[ge(R(A,1))~p”( n-9-90). V)}

B RA 1) — =+ - 2O

+ R 1) - (A By R, D) +¢) = 0

Insert u;:

A b
EK[gE(R(A, 1) - l% - (zsm,l(R(A, D) + “—9 2
n n

LA =09+ =090y K ﬂ
I—y q(6)

P | by Ao 04® K
+ue-EK[ge(R(7t,1))' 7 (Z“W’l(m’m AT 1oy q(G)H

+ Ur, D) (A Rt RAL D) +¢) = 0
Subtract the separation condition:

EK[ge(R(A, 1) - ‘%’D o (1 + @) : (& b — B [ Taan () - (A = By x RO, 1)))])]

ns f
+ ur(A4, 1) - (A Ay R, 1) +¢) = 0

Rearrange for multiplier:
a+%)
(A Ryt RA, KD + ¢)

p(l) s A 1
S (17 b — Ex [Ty () - (R — hygy s RO, 1)))])

_,u'R (2’) 1) =

2.C.3.2 Derive Lagrange multiplier for separation condition

Relative to the Ramsey problem with a weakly decreasing benefit schedule, the
first order condition for STW benefits is altered under an increasing schedule.
When the planner adjusts benefits for firms that have remained on STW for k
periods, this policy change propagates back to period-1 decisions by affecting
the expected present value of subsidies, thereby shifting the initial separation
threshold. The FOC for the STW benefits becomes:
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a —
Ty, ()

1
Aty (14 B 2230 s
Jo(l Wpy - (14 52) 5ot =0

1
—f 2@ =1 w1 - (h = hy i R(A, 1)) - dA
0

Further, let LS(A) define the social value of the marginal match:
2 -
LS(A) = 7 b — Ex [T ) « (h — Ry R(A, 1)) ]

Inserting u(R(A, 1)) gives:

1
k1. o - _aR(A’U). s B i =
Jo(l Mg (R(A, 1) - p(M) ( )" (1+52) s - ar =

1
_ _ayk—1 . 1. ke M
- fou AT p(A) - n (” ns) 3Ty (k) a

Using the definition for employment, we can rewrite the condition as:

1 1 ~
an(A, k) an(A, k) ( an(A, k) ) 20,1
L0 1sda = : Ak : - dA
L R WM L Ry OIS ) T
with
8Tl(2,, k) _ _ k_]_ . . . (_ aR(A) 1) ) . S
RAD Q-2 g (R(A, 1) -p(Q) 7., (k) n

This lets us rewrite the expression as:

1 1 .
an(A, k) d0N2(A, k)
wr(A) - LSA)dA = wr(A) - (ns A, k) 2 ) . 2L dA
Jo ‘ Jo ‘ R S R ) Bt
with
an(,k)
JR(A,1)
(GR0)
0 azg(m) -dA
This gives back Proposition 2
N (M) 002K |
E,, 50 ) | Ewk[LS(A)]
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Note that we can write the derivative for the welfare costs of STW as:

202, k) _ _JRW(A) Ohgpy i (€) O - dG, (€)
3 Ty (k) Ry OTsw@ T Psow (A, k)
oh
= Ty(k) - E, [_%’k((ke)) Ryw(A) = € = R(A, 1):|
stw
Thus:
Mgy (A, ) _ Ohgile)
”k[an(l,k)/arstw(k) Toow () E[ gz, () [few) = € = R

= B (15,01

Note that the weighted average value of a marginal match pins down the STW
benefits in period k. The idea is that only the expected benefit payments from
STW influence the separation condition directly. Therefore, the government seeks
to set STW benefits in order to minimize the distortions of the STW system:

E,, [LS()\):|
Tstw (k) =
dhyy,
o[58 £ [ SR > < = D]

2.C.4 Ramsey Problem — Only Working Hours Observable

Assume that 8 — 1. Then the problem of the Ramsey planner becomes:

1
n J f [z(e)dGl(e) — o0, k)]dP()L) —1-n-6-k
0 JAL)

subject to

1. The number of workers that draw a shock this period:
1
n =60-q6)-1—n)+ f A - n(A, k)dA
0
2. The number of firms with shock duration 1/A, in period K or more periods after

shock arrival YA €[0,1]:

1
n@) = - A=pRA)-pA) -1’



Appendix 2.C Ramsey Planner | 215

3. Separation rate YA €[0,1]:

p(A) = GRA)) + G(max{E(A),Ry,,(M)}) — G(max{Ry,, (1), R(V)})

1
n = J n(A)di
0
5. Job-creation condition:

1
e f U ()G, () — 20, — 2 4 22110140 & )d”(k)
0 A n

4. Total employment

1-n q®) 1-1 q(6)
6. Set YA €[0,1]:
A()L) :[maX{R(A), maX{RstW)R(A) }] U [max{RstW7 5(7(«)}, OO)

7. Separation Conditions for firms without access to a subsidy YA € [0,1]:

A=n-f Kk

A =0
EW) + 5

8. Separation condition with access to a subsidy YA €[0,1]:

A—n-f k,
. =0
1—-n q(0)

Zew R + Ty + (M — By R(D))) +

2.C.4.1 Screening Effect of the STW Threshold

For the following, assume for simplicity that P(1) is a steady distribution. Regard-
ing the eligibility condition, we need to consider 3 cases:

case 1: Ry, < R(A)
case 2: Ry, € [E(A),R(V)]
case 3: Ry, > E(A)

In case 1, the eligibility condition is so strict that firms with shock duration 1/A
would fire a worker before they are allowed to enter the STW program. In case 2,
some firms with shock duration 1/A have such a high productivity that they are
excluded from STW, but not high enough to survive on their own. Others with
lower productivity can enter STW and are rescued by it. Finally, in case 3, every
firm with shock duration 1/A that can be saved by STW can enter STW. At the
same time, firms with shock duration 1/A that do not need STW support also
enter the system.
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Let us define
AR =R 1Ry, and A = E'(Ry,)
Then we can order the cases according to the length of the shock 1/A:

case 1: A < AR
case 2: A € [R(A),EN)]
case 3: A > AS

If the probability of becoming productive again is very low, then firms will
separate for high productivity values. As a result, some of the firms will not be
eligible for STW (case 1). Vice versa, if the probability of becoming productive
again is high, then they would be willing to keep the worker employed even for
large drops in productivity. As a result, a lot of those firms might enter STW even
though they would not need the subsidy to survive (case 3).

We can use this insight to reformulate the Ramsey problem:

2.C.42 Ramsey Problem - simplified

Assumption: 3 — 1. Then the problem of the Ramsey planner becomes:

AR [e%)
max n’- J f 2(€)dG, (e)dP(A)
0 &)

TS[W’D
A8 [e°) Ry
+n- J (J z(€)dG, (e) + J Zstw(e)de(G))dP(l)
AR E) R

1 oo Rstw
+n. J (J z(€)dG, () + J z(€)dG, () — Q(A))dP(A)
A Ryow R(A)

—(1—n)-0 -k,

subject to

1. The number of workers that draw a shock this period:

1
n’ = 0-q(9)-(1—n)+J A - n(A,k)dA
0



Appendix 2.C Ramsey Planner | 217

2. The number of firms with shock duration 1/A, in period K or more periods after
shock arrival YA €[0,1]:

1 A-GE@WY) -p) -1’ o < IR
n(A) = % (1 =G (E)) + G Ryy) — GLRA))) -p(A) -n® A € [ARJLE]
7@ —=GyRW)) -p(A) - 1’ A > A8

3. Total employment

1
n = J n(A)da
0

4. Job-creation condition:

1k Moo b A—n-0-q0) K )
1 _ 4G, (e) — 2 : dP(A) dA
= 2® L (Lmz(e) 2 (€) s =1 20 (A

A8 oo
+n- J (f z(e)dG, (e)
AR g

R
o b A—n-06-q6) Kk,
+ 2y (€)dGy(e) — — + .
J;()L) w * n 1—n q(6)

1 )
+n5-J (J z(e)dGl(e)—Q(A)_é
28 \JR,, n

+A_T)9q(9) kv
1—n q(6)

) dP(A)dA

)dP()L) da

5. Eligibility thresholds on shock persistence:
R(A®) = Ry, &%) = Ry

6. Separation Conditions for firms without access to a subsidy VA € [0,1]:

A—n-f 'k ~ 0
1—-m q(6)

z2(E(A)) +

7. Separation condition with access to a subsidy VA €[0,1]:

A=n-f K

Ziow R + Ty - (= ey RAN) + —— n  q®
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2.C.4.3 Optimal Eligibility Condition

FOC eligibility condition:

AR
d = f 0-dP(A)
0

€

* o)

+n- f pT - 82 Rgpy) - [ZstW(Rstw) + “;(A)]dk
AR

. [P 2200
e A 0Tt

=

+ Ug - 0-dP(A)

Jo

dA

e b A—6-q6)-
e M-gx(Rsm>-[zm(Rm)——+ : '”.}m
Jw A n 1—=n

(1) 000)

_M .
) A deqn

dA =0

The expression simplifies to:

¥ b
n' - J pT <83 Rn) + [Zoow Ryn) + 15,(1) ]dA
AR

28
) b A—0-q(0)-
+ g J P g1 o) | o) — = + LD
AR n 1-—n

ns e A 0 €5t

1
_n5.(1+“9). [L)L).&Q()L).dkzo

Inserting u; (A) gives:

A8
A b
n® - J p(A) 'g)t(RstW) : [Zsm(Rsm) + % : ; + kv 0+(A—-0- q(@)) ) ‘u’fl:|dA
AR

A8
A b A—0-q(0)-
+u9-f ‘%-ga(&m)-[zm(&m—y 109) ”-]dk
AR

I—n

1

_n5.(1+“_9). pQ) 90) 5 _
ns A €5

Inserting u; gives:
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ey
n - f B g R

A
)’R
wg b A-y—6-q90 k,  (A—0-q0)-x Kk,
|:Zstw(Rstw) + N n + 1—y q(6) + 1—7v q(6) d2
A8
A b A—06-q)-
+ptp f P R [zstW(Rm) _iy ¢}dk
AR n 1—n
1
—n5~(1+@)- @.ag(k)dk=0
ns e A d €

Subtracting separation conditions gives:

s 28
u A
n - (1 + —9) : J l—% 'gA(Rstw)

ns AR
[ Zstw Retw) — Zew RA)) + b — Ty, + (B — hgy, R(A))) A

A8
s. | P CO—0. : _u)k_
n LR 2R - G—0-q(0)) - (=1L )

v (14 k2). ) aam)

dA =0
ns AL A aesm

Inserting ( X — ;’T_:;) . qlgé) gives:

s 28
n - (1 + ‘u_(’) . J ILA) - 21 Rypw)

ns m A
[ Zetw Ree) — Zew R + b — Ty, - (B — hy, RIW))) A
28
so(14 M. [ P -0 . B
+n (1+ ns) LR 5 8 (Ra) (A= 09(0) - - -dA

1
_ns.(1+“_9).J ) 9
n e A 0 €5

This lets us simplify the expression to:

A8
A A -
f pT) g Ry - [zsm(Rsm) — 2 (ROD) + 7 b = T+ (= hsM(R(A)))] d
AR
1
A

_f pA) 390 . _

e A 0 €y
Define SW(e,A) as the social value of a match with productivity e and shock
duration 1/A:
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A i}
SW(e,A) = 24, (€) — 2y (RAA)) + — - b — Ty, - (h — hy,, (€))

f
Define weights as:
LGl ey _ p :
W= Ty M G, T xS

Further define
Psw = P(AS) —P(AR), pr = 1—P(A%)

as the probability of becoming a firm that entered STW in need of support of
STW, respectively, a firm that entered STW without the need of STW support.
This gives:

A N
Puo  Eo[SW(e |2 € [A25]] = by B E e | < 51

2.C.44 Optimal STW benefits:

Following the same steps as in the other Ramsey problems, we can derive the
Lagrange multiplier for the separation condition under STW, dependent on the
probability of recovery:

0, A < AR

—pur(A) =

2 b — 1y, - (h— hy, RAL)
PA) o RO o )

A A - g, R + ¢ ’

>

Note that the Lagrange multiplier is zero if the recovery probability is low
enough. The idea is that firms with A < AR are screened out of the STW system.
The first order condition for the STW benefits is:

)

O Tg

'p) 22

1
= —f ,uR(A)~(E—h5M(R(A)))dA—nS-f — cdA =0
0 A& A

O Tspw

Inserting the Lagrange multiplier for the separation condition on STW gives:

P, RO e (B o
LR 2 <& RA)) - ( 3Tsm) n (f b— Ty - (R hstW(R(}L))))d}L

[y 2
AR

P (A) - ;dA =0

A Tew
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Define
o) an(A) ) AR(V)
_ arm . n N p . | s
w(A) = fl Egn(l) dx with it = gr(R(A)) ( - ) n
Tstw

Then we can write:

n(A) 9N A

and 5
0 Ty Tstw

> AR

A _
1-G,A\") -E, P b— Tg - (A — gy RA))) —

=0

Inserting Lemma 3 gives:

E, [T - (R = Moy RAN)[A = AR] = E, [T Q) - (R — Ry, RAD)) |2 = AR]






Chapter 3

Carrots or Sticks?
Short-Time Work or Lay-off Taxes?

Joint with Johannes Weber

3.1 Introduction

It has long been understood that unemployment insurance systems can ineffi-
ciently increase separations in the labor market. To counter this inefficiency, gov-
ernments commonly have two main policy instruments at their disposal. On the
one hand, there are lay-off taxes that, in effect, punish firms for firing workers.
On the other, there is the short-time work system that rewards the retainment of
endangered workers through subsidizing and enabling hours reductions!.

This raises the natural question, which of the two governments should employ.
Existing literature highlights that lay-off taxes have many desirable properties.
(Cahuc and Zylberberg, 2008) and Blanchard and Tirole, 2008 show in implicit
contract frameworks that lay-off taxes can implement the planner solution. Short-
time work on the other hand, has the problem of introducing new inefficiencies
into the economy through the distortion of working hours (Stiepelmann, 2024).
However, these results crucially hinge on the absence of financial constraints for
firms. This assumption is widespread in the search and matching literature, but
clearly is at odds with reality.

In this study, we relax this assumption in a rich yet analytically tractable DMP
framework and allow for a share of firms to be financially constrained. Using the

1. Short-time work systems are pervasive, e.g., in European countries where they were
utilized during the Great Recession and the Covid period. Lay-off taxes are implemented, e.g., in
the U.S. through an experience-rated unemployment insurance system.
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Ramsey policy approach, we then determine the welfare consequences of opti-
mally set short-time work benefits and optimally set lay-off taxes.

Our main result is that lay-off taxes are indeed superior when the share of finan-
cially constrained firms is small. Short-time work emerges as the superior policy
instrument if the share of constrained firms becomes sufficiently large. This is a
consequence of two main channels. Firstly, lay-off taxes have trouble deterring
separations in financially constrained firms, while short-time work can still oper-
ate as effectively as before. Secondly, with financial constraints, firms lose their
ability to insure risk-averse workers against negative income shocks. Short-time
work can then partially mitigate this and provide insurance against income shocks
in the firms’ stead.

Quantitatively, after calibrating the model to the U.S. economy, we find that short-
time work is the superior policy instrument if 40% of firms in the economy or
more are financially constrained.

The backbone of our model is a canonical Diamond-Mortensen-Pissaridis type
search and matching model (Mortensen and Pissarides, 1993, Mortensen and
Pissarides, 1994) with idiosyncratic productivity shocks, endogenous separations,
and generalized Nash-Bargaining between workers and firms. We augment the
standard model with three realistic key ingredients: Risk aversion on the worker
side, financial constraints on the firm side, and flexibly adjustable working hours.
Workers and firms are randomly matched, form expectations over their match
productivity, and bargain over wages, working hours, and separation productivity
thresholds. Productivity shocks are i.i.d. and realize after firms and workers com-
plete bargaining.

Government implements an unemployment insurance system under which unem-
ployed workers are paid lump sum benefits and either a lay-off tax system or a
short-time work scheme. Further, it collects taxes on firms to finance the systems.

In the presence of lay-off taxes, firms have to pay lump-sum lay-off taxes once
worker and firm agree to separate after productivity falls below the separation
threshold. Importantly, firms pay no lay-off taxes if the worker unilaterally leaves
the match.

The Short-time work scheme consists of two main components: eligibility condi-
tions and benefit payments. Workers become eligible for short-time work once
they agree to reduce their working hours below a threshold specified by the gov-
ernment. Short-time work benefits compensate for lost income by providing fixed
payments for each hour not worked relative to normal working hours. Short-time
work effectively acts as a subsidy paid directly to workers. Working hours under
short-time work are also determined through bargaining between firms and work-
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ers. In this setup, firms and workers have an incentive to reduce working hours
inefficiently to attract more government support.

We assume that a share of firms is financially constrained. Specifically, we assume
that these firms can never borrow more than the expected discounted value of the
firm. These constraints have direct welfare implications. With risk-averse workers
and risk-neutral firms, firms would like to offer workers insurance against low
productivity shocks and commit to paying the worker a fixed (consumption equiv-
alent) wage, no matter how low or high productivity turns out to be. The worker
is then willing to accept a slightly lower wage in return for the insurance. However,
if the firm is financially constrained and the borrowing constraint binds, shocks
pass through to the worker’s wage fully. Workers are not committed to staying in
the match and quit once they hit their participation constraint (i.e. once the value
from quitting, becoming unemployed, and looking for a new job is greater than
staying). Therefore, the welfare effect of financial constraints is twofold: Firstly,
firms cannot provide as much insurance to workers as they would like, and sec-
ondly, workers quit sooner.

We derive closed-form expressions for optimal lay-off taxes and optimal short-time
work schemes, depending on how many firms are financially constrained. The the-
oretical results show that the sole purpose of lay-off taxes is to offset the fiscal
externality of the unemployment insurance system on financially unconstrained
firms. However, lay-off taxes cannot correct inefficient separations or address the
lack of insurance for workers in financially constrained firms. The intuition is
straightforward: once financial constraints become binding, firms can no longer
absorb shocks, which are instead passed on to workers in the form of reduced
income. If income falls sufficiently, workers eventually choose to quit unilaterally.
In such cases, firms are neither able nor obligated to pay lay-off taxes, rendering
them ineffective.

By contrast, short-time work is particularly effective in supporting financially con-
strained firms. By supplementing the income of workers who experience reduced
hours, it incentivizes workers to remain attached to the firm. In addition, it pro-
vides income insurance.

When the share of financially constrained firms is low, lay-off taxes are clearly
preferable to short-time work, as the distortionary cost of reduced working hours
under short-time work outweighs the cost of insufficient support for financially
constrained firms under a lay-off tax regime. However, as the prevalence of fi-
nancially constrained firms increases, the trade-off shifts. Both theoretically and
quantitatively, we demonstrate that short-time work becomes the superior policy
instrument once a sufficiently large share (more than 40%) of firms face financial
constraints.



226 | 3 Carrots or Sticks? Short-Time Work or Lay-off Taxes?

Related literature. We contribute to four branches of the literature. Firstly, we
add to the literature about optimal unemployment insurance. The trade-off be-
tween the benefits of unemployment insurance and adverse effects on job-search,
and separations has been a recurring theme in the economic literature (e.g. Shavell
and Weiss, 1979, Baily, 1978). How UI should be used optimally has therefore
been examined in seminal papers such as Hopenhayn and Nicolini, 1997 and
Chetty, 2006. More recently Landais, Michaillat, and Saez, 2018 how UI should
vary with labor market tightness and Kroft and Notowidigdo, 2016 show evidence
that moral hazard costs of Ul are procyclical. We contribute to this literature by
evaluating policy tools that can mitigate the adverse externalities of unemploy-
ment insurance.

Secondly, there is a branch of the literature that concerns itself with lay-off taxes,
often emphasizing their effectiveness in overcoming UI fiscal externalities. Blan-
chard and Tirole, 2008 and Cahuc and Zylberberg, 2008 propose frameworks in
which lay-off taxes can decentralize the planner solution. Closely related to our
work, Jung and Kuester, 2015 and Michau, 2015 take a Ramsey planner approach
and examine optimal unemployment insurance with lay-off taxes and vacancy sub-
sidies in a DMP. Duggan, Guo, and Johnston, 2023 show that lay-off taxes can
act as a stabilizer over the business cycle. Postel-Vinay and Turon, 2011, on the
other hand, show that employers can use severance packages to coax workers into
quitting and avoid lay-off taxes. Ratner, 2013 makes the point that the experience-
rated UI system in the U.S. reduces layoffs but also hampers hires. Similarly, John-
ston, 2021 finds that increases in lay-off taxes lead to less hiring. We contribute
to this literature by introducing firm borrowing constraints and showing that they
reduce the effectiveness of lay-off taxes.

Thirdly, there is a growing body of research on short-time work, though the liter-
ature remains divided on its overall usefulness. Some studies emphasize potential
inefficiencies. For example, Burdett and Wright, 1989 argue that short-time work
encourages inefficient reductions in working hours. Cooper, Meyer, and Schott,
2017 highlight the risk of subsidizing employment at unproductive firms, while
Giupponi and Landais, 2022 raise concerns about impeding beneficial worker real-
locations, though they also note that short-time work may support firms in main-
taining efficient levels of labor hoarding. Cahuc, Kramarz, and Nevoux, 2021 raise
concern about the potential windfall effects of short-time work.

Other contributions focus on the potential advantages of short-time work. Balleer,
Gehrke, Lechthaler, and Merkl (2016) show that it can introduce valuable flexibil-
ity at the intensive margin of employment. Giupponi, Landais, and Lapeyre (2021)
argue that short-time work complements unemployment insurance by insuring
against different types of labor market shocks. Similarly, Braun and Briigemann
(2017) analyze optimal unemployment insurance and short-time work jointly
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within an implicit contract model.

Despite these contributions, the relationship between short-time work and unem-
ployment insurance remains insufficiently understood, as emphasized in a compre-
hensive review by Cahuc (2024). Addressing this gap, Stiepelmann (2024) intro-
duces the analysis of optimal short-time work policy and optimal unemployment
insurance into a search-and-matching framework. Building on this foundation, our
paper contributes to a better understanding of the interplay between short-time
work and unemployment insurance under financial constraints.

Finally, there is a literature on firms’ financial constraints. Drechsel, 2023 argues
that earnings-based borrowing constraints react more strongly to shocks. A part
of the literature shows that financial constraints matter for monetary shock trans-
missions (e.g. Ottonello and Winberry, 2020) or innovation (e.g. Cascaldi-Garcia,
Vukoti, and Zubairy, 2023). In the labor market, fewer financial constraints are
empirically shown to lead to higher employment (e.g. Duygan-Bump, Levkov, and
Montoriol-Garriga, 2015, Fonseca and Van Doornik, 2022). We contribute to this
literature by incorporating financial constraints into a search and matching frame-
work with endogenous employment response.

3.2 Model

3.2.1 Basic Assumptions

Set-Up. Time is discrete. There is a unit mass of workers. Workers can be either
employed or unemployed. While unemployed, workers search for vacant jobs and
receive unemployment benefits b. Unemployed workers and firms with vacancies
are matched randomly. The number of contacts is governed by the Cobb-Douglas
matching function m(v,n) =m- vd=1 . (1 —n)7, where v is the mass of vacancies
and n is the mass of employed workers. We denote the job-finding rate by f, the
vacancy-filling rate by g, and the separation rate by p. Let 6 denote labor market

tightness, i.e. 6 = 1.

A worker-firm match produces output y according to the production function
y(e,h) = A-€-h* —(uc—¢€) ¢

where € is realization of a productivity shocj € satisfying shock logé ~ A (u, 02)
with cdf G(e) and pdf g(e). New productivity shocks arrive with probability A. h
is the number of working hours worked by the worker, and A is the total factor
productivity. The term (u.—€)-¢ is a cost shock. While workers are employed

they receive a salary w(e) and suffer dissutility ¢ (h) = hl(i:i) from working h

hours.
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Firm profits go to firm owners of whom there is a mass of v;.

Preferences. Workers are risk-averse with a concave flow utility function
over consumption, net of work disutility u(c— ¢ (h)). Because utility is de-
fined over consumption-equivalent units, we introduce notation for production
in consumption-equivalent units for use in later expressions and let z(e,h) =
y(e,h) — ¢ (h). Firm owners have the same flow utility function u but draw utility
only from their consumption ¢ (e ulep)).

Government Policy. The government can choose between two policy regimes:
the Short-Time Work (STW) regime and the Lay-Off Tax (LT) regime. Since the
chosen policy regime has implications for firm and worker value, bargaining, and
equilibrium, the remaining model assumptions are described in two separate sec-
tions for each respective policy regime in the following.

3.2.2 The Model with Lay-off Taxes

Government. Under the LT regime, firms have to pay lay-off taxes F once the
worker and firm jointly agree to separate. Importantly, firms pay no lay-off taxes
if the worker unilaterally leaves the match. In the following, let p’ denote the
probability that firms and workers separate, and the firm has to pay lay-off taxes.
The lay-off tax F and the unemployment insurance benefits b are set by the gov-
ernment. To finance the policy regime, firms pay a lump-sum tax T whenever
their productivity changes. The government budget constraint is

n-t=@0-n)-b—n*-pf-F

where n’ is the mass of matches that receive a new productivity shock.

Firms. There are two types of firms - financially constrained and financially
unconstrained firms. Firms are financially constrained with probability p. When
constrained, once the productivity shock has realized to €, a firm can borrow no
more than its expected value, conditional on its realized productivity. Specifically,

y(e,h(€)) —w(e) = —A-J— (1 —2A)-Je)

must hold.J is the expected firm value once a new shock arrives, and J°(¢) is the
value of a constrained firm with productivity draw e. The constrained (monthly)
wage function w°(e) will be made explicit in the bargaining section below. The
bargained-over hours functions will depend on productivity ¢ but not on the fi-
nancial constraint. Anticipating this, we save on notation and denote h“(e) and
h(e) as h(e). Note that with persistent shocks (A < 1), a low realization of pro-
ductivity will lead to a tighter borrowing constraint.
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The value of an unconstrained firm after productivity realizes to € is
JU(€) = y(e,h(e)) —w"(e) + AJ + (1 — A)J"(e)

and the value of a constrained firm after productivity realizes to € that is
J(e) = y(e,h(e)) —w(e) + AT + (1 — A)J(e)

where J is the expected firm value before the shock has realized and before it
becomes known if the firm is constrained. It is given by

J=—T+(1—p)(f J“(e)dG(e))—lrp(f J”(e)dG(e)) —pf-F—pl-L

N S

Firms separate from a worker once the productivity drops below the separation
threshold € or € for the unconstrained and constrained case, respectively. With
probability pf, firms and workers agree on separation, and the firm has to pay a
lay-off tax F. When firms become financially constrained, they also lack the means
to pay lay-off taxes. In this case, we assume that they become bankrupt. In the
event of bankruptcy, firm owners have to pay liquidation costs 0 < L <F. Let p*
denote the probability of this event.

Firms can freely enter the labor market and post vacancies at cost k,. The mass
of vacancies v must therefore solve

|&
Il
S|

Workers. Employed workers can work at financially constrained and uncon-
strained firms. The value of a worker at an unconstrained firm after productivity
realizes to € is

Vi) = uw'(e) — ¢ (h(e))) + AV + (1 — A)V*(e).
The value of a worker at a constrained firm after productivity realizes to € is
Ve(e) = um(e) — p(h(e))) + AV + (1 — A)V(e)

where V is the expected worker value before a new productivity shock has realized
It is given by

V=(>0-p (J Vi(e) dG(e)) —|—p(J V(e) dG(e)) +p - U.
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With probability p a worker becomes unemployed. The Value of an unemployed
worker U is given by

U=ub)+f-V+A—-H-U

Bargaining. With financial constraints, bargaining takes place before both - the
realization of productivity e and whether the firm is constrained or not - become
known. For each possible state € € R, worker and firm agree on the total monthly
wage functions w"(e) and w°(e), the hours functions h“(e) and h°(e), on the
separation threshold when unconstrained €, as well as the separation threshold
when constrained €.

Further, there is no commitment to the contract on the workers’ side. This means
that if the outside option of the worker becomes weakly better than staying with
the match, the worker quits unitarily:

Vie) £ U, Vie) < U

This will become especially prevalent in the case where firms become financially
constrained. Note that when workers quit unitarily the firm does not have to pay
the lay-off tax. The commitment problem of workers implies that we can denote
the probability that firms and workers decide to separate and the firm does not
have to pay the lay-off tax as:

pf = (1—p)-G(eY) - LV () > U)

Note that financially constrained firms do not have the means to pay lay-off taxes.
In this case, they need to pay the liquidation cost L. With the commitment problem
of the worker, the probability of this event is:

pt = p-G(€) - LV() > U)
Formally, the bargaining outcome is the solution to the maximization problem

max Ja-m (\7 — U)n

wt(€),we(€),h4(€),hc(e), €Y €5

subject to

Commitment Problem: VY%(e) > U, V(e) > U,
Financial Constraints:  y(e,h‘(e)) —w(e) > —A-J— (1 —A) - J°(e)

where 1) denotes the bargaining power of workers. Note that firms and workers
have to take the commitment problem of the worker and the financial constraints
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of the firm into account when writing their contracts. One concern raised by
Postel-Vinay and Turon, 2011 is that firms may encourage workers to quit us-
ing severance packages, in order to circumvent lay-off taxes. To isolate the core
trade-off, we abstract from such strategic behavior, effectively comparing short-
time work to an idealized benchmark of a lay-off tax. Appendix 3.B.1 derives the
bargaining outcomes in detail.

Since workers are risk-averse and firms are risk-neutral, the bargaining outcome
is that firms insure workers against low-productivity states. Workers will accept
a lower average wage in exchange for insurance. As long as the firm is not con-
strained (either because it is an unconstrained firm or because constraints do not
bind) the firm will fully insure the worker against productivity risk and the total
monthly wage w(e) will be set to a constant consumption equivalent ¢*, equating
worker utility across all realizations of € that do not lead to binding constraints.
¢" is pinned down by the condition

u'(c(e€)) = u'(c")

Once a firm becomes constrained and the constraint binds, it instead pays the
maximum monthly wage " (€) it can still afford:

) = z(e)+A-J

The hours function that worker and firm agree on is, as already mentioned, the
same for constrained and unconstrained firms. It is pinned down by

A-a-e-h(e*! = he)?

both, in the constrained and the unconstrained case. The equilibrium, therefore,
only contains one general hours Function h(e). Since h(e) equates the marginal
disutility of work and the marginal product of labor, working hours are always set
efficiently.

Note that because under bargaining, each productivity level ¢ will imply a work-
ing hours level h(e), we write z(e,h(e)) simply as z(e). The job-destruction equa-
tions pin down the bargained-over separation thresholds of constrained and un-
constrained matches

z(e”)+F+w—CW+M’I&=O
s u' (cv) 1—n q
W C\) b
HEEN —u® L ok
u'(cW) 1—-m ¢

Note that F enters the separation condition for unconstrained firms only. In the
unconstrained case, firms insure workers’ income against idiosyncratic productivity



232 | 3 Carrots or Sticks? Short-Time Work or Lay-off Taxes?

shocks such that a low idiosyncratic productivity level is not passed on to the
worker. As a result, the worker has no incentive to quit unilaterally V*(e{) > U,
and firms have to pay the lay-off tax. A low productivity level in a financially
constrained firm is passed onto the income of the worker. At some point, the
income received from the firm is so low that the worker quits unilaterally V¢ (6;) <
U. Thus, the firm does not have to pay a lay-off tax in this case.

Labor Markets. The separation rate p is given by p = (1 —p) - p“ +p - p° where
p" =G(e)) and p° = G(g)). The steady-state law of motion for employment is

n=>0-A)-n+QQ-p)- n’
where n® denotes the number of matches that received a new shock
n =f-1-n)+A-n

The mass of unemployment workers can be expressed as u =1 —n. The mass of
workers who work for unconstrained firms n", and the mass of workers who work
at constrained firms n° are given by:

u 1-— p

n :T-(l_pu).ns

%-(1—pc)'ns

Equilibrium. A steady state Equilibrium consists of the working hours function
h(e), the consumption equivalent ¢ paid as the monthly wage to workers without
binding constraints, the consumption-equivalent monthly wage ¢"(e) paid when
financial constraints bind, the separation thresholds €Y and €;, the productivity
level at which the borrowing constraint becomes binding e’ and labor market
flows, i.e the job-finding rate f, the vacancy-filling rate q and the separation rate
p" and p¢ as well as n. The exact equations pinning down equilibrium and their
derivation are delegated to Section 3.B in the appendix.

3.2.3 The Model with Short-Time Work

Government. Under the STW regime, firms become eligible for short-time work
benefits if they set their working hours on short-time work hg,, (€¢) below a thresh-
old D. In this case, the worker receives T, (h —hgy, (€)) worth of benefits. h is a
parameter that reflects the normal working hour level. In essence, for every hour
the worker works less than she would under normal circumstances, she receives
compensation T.,,. Choosing an hours threshold D is a close implementation of
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what short-time work rules mandate in e.g. Germany.2 Enforcing working hours
reduction can help screen out firms that are actually productive from receiving
subsidies because only unproductive firms will find hours reductions optimal (Te-
ichgréber, ZuZek, and Hensel, 2022).

In principle, government chooses the policy parameters D, 1, and b. However,
since the hours functions h"(e), h°(e), hg., (€) and h  (e) will always be strictly
decreasing in €, choosing D is equivalent to setting the eligibility productivity
threshold e, that will induce the same hours threshold D. The resulting govern-

ment budget constraint is

1 —p max{€gy,€; } B
n-1t = e n® - J Tow * (h — hgy (€)) dG(€)
€

p max{estw’eg} _
+ E - J Tstw * (h— hstw(e)) dG(e)

+(1—-n)-b

where n® is the mass of matches that receive a new productivity shock. e} and
e; are the separation thresholds of matches with access to short-time work of
unconstrained and constrained matches, respectively. The max operators in the
integral limits are necessary because the government can choose an eligibility
condition that is so tight that all matches separate without gaining access to short-
time work first.

Firms. Again, firms can be either financially constrained or unconstrained. With
short-time work, they can also currently be on short-time work or not. Firms are
financially constrained with probability p. When constrained, once the productiv-
ity shock has realized to €, a firm can borrow no more than its expected value,
conditional on its realized productivity. Specifically, without access to short-time
work

y(e,h(e)) —w(e) = —A-J—(1—2A)-J)
and with short-time work
y(e, hgw(€)) —w (€) = —A-J— (1 —2)-JS,(€)

must hold. J is the expected firm value once a new shock arrives and J¢(¢) is the

value of a constrained firm without short-time work and Jg (€) is the value of

a constrained firm on short-time work. The constrained monthly wage function

2. In practice, this is implemented as a minimum reduction of hours threshold - which in
our model is given by DT_h and is implicitly chosen by the government through D.
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wf(e) will be made explicit in the bargaining section below. Like in the model
with lay-off taxes, the bargained-over hours functions will depend on productivity
€ but not on the financial constraint. Anticipating this, we save on notation and
denote h"(e) and h"(e) as h(e) and hy (e) and hy  (€) as hyy,(€). Further we
write z(e) instead of z(e,h(€)) and zg,,(€) instead of z(€,hyy (). The value of
firm without short-time work after productivity realizes to e that is unconstrained

is
JU(e) = y(e,h(e)) —w'(e) + AJ + (1 — A)J"(e)

and the value of an unconstrained firm with short-time work after productivity
realizes is
JL (€)= y(e, hy,(€)) —wh, (€) + AT + (1 — A)J% (e).

The value of firm without short-time work after productivity realizes to € that
is constrained is

J(e) = y(e,h(e)) —we(e) + AJ + (1 — A)J(e)

and the value of a constrained firm with short-time work after productivity realizes
is

Jow(€) = y(€, hyy(€)) —we  (€) + A+ - A)Jctw(e)

Stw S

where J is the expected firm value before the shock has realized. It is given by

oo 6max{e;‘,stw}
J=—-1+0-p) (f J4Y(e)dG(e) + J J;‘tw(e) dG(e))

max{&s, e} s

o] max{eg,estw}
+p (J J°(e)dG(e) + f I (€) dG(e))

max{&s, esey} €

The max operators in the integral bounds max{{i, estw} reflect that a sufficiently
strict eligibility threshold e, can exclude certain matches from accessing short-
time work, even if their productivity would allow them to survive with such sup-
port but not without it. In this case, otherwise, viable matches are denied access to
the short-time work system, leading to unnecessary separations. Firms can freely
enter the labor market and post vacancies at cost k,. The mass of vacancies v must
therefore solve

k-
v =7
q
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Workers. The value of a worker at an unconstrained firm without short-time
work after productivity realizes to € is

Vi) = uw'(e) — ¢ (h(e))) + AV + (1 — A)V*(e)

and the value of a worker at an unconstrained firm with short-time work after
productivity realizes is

(€) + Tgrw * (h — Mgy (€)) — ¢ (Mg (€))) + AV + (1 — A)VL (€)

stw

VY () = u(wt

stw stw

The value of worker without short-time work after productivity realizes to € who
works at a constrained firm is

Ve(e) = uwf(e) — ¢ (h(e))) + AV + (1 — L)V<(e)

and the value of a worker with short-time work after productivity realizes who
works at a constrained firm is

V(€ = uwg, (€) + Ty - (h — hyy(€)) — P (RS (€))) + AV + (1 — A)VE._ (€)

stw stw

where V is the expected worker value before a new productivity shock has realized.
It is given by

oo max {Estwﬁ?}
V=0@0-p (f Vi(e)dG(e) + f Ve (€ dG(e))

u
max{fstw,gg)

o] max{estw,eg}
+p (J Ve(e)dG(e) + J Ve (6 dG(e))

max{€gey,E5} €

+p-U

where p is the separation rate. The Value of an unemployed worker U is given by

U=ub)+f-V+A—-H- U

Bargaining. Bargaining takes place before both - the realization of productivity
€ and whether the firm is constrained or not - become known. With short-time
work, there are a few more items that workers and firms bargain about than in
the lay-off tax regime.

Further, there is no commitment to the contract on the workers’ side. This implies
that workers will unilaterally choose to leave the match once the outside option
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of becoming unemployed offers a weakly higher expected utility than remaining
employed at the firm.

Vi) < U, VL () <U
Vi) < U, VS () <U

In the case with and without short-time work, respectively. For each possible state
e € R, worker and firm agree on the total monthly wage functions w"(e) and
w(e), as well as the total monthly wages paid in both cases while on short-time
work wg (€) and wg,,
arately - for times in which the firm has no access to short-time work (h"(e) and
h°(e)) and for times on short-time work (h, (€) and hg  (€)). Lastly, the sepa-
ration thresholds are also agreed upon for both cases: access to short-time work

(€). The hours functions, likewise, are bargained over sep-

and no access to short-time work. We denote the separation thresholds without
short-time work by &Y and &{. €/, and € denote the separation thresholds while
on short-time work.

Formally, the bargaining outcome is the solution to the maximization problem

max Ja-m (\7 — U)n
wh(e),w(e), wi,, (6), w5, (€),h" (e),

h¢(e),h%. () Sitl‘g (e) Set”W €S, EC
2 hstw 27 Tstw I-5rTsrDs 2 O

subject to

Commitment Problem: V“(e) > U, V(e) > U, Vi (e) > U, Vg, (e) > U,
Financial Constraints:  y(e,h°(€)) —w‘(e) > —A-J— (1 —2A) - J(e)

y(e, hg, (€)) —wg(e) = —A-Jg (e)— (A —A)-J
where 1) denotes the bargaining power of workers. Again, firms and workers need
to take the commitment problem of the worker and the financial constraints of the
firm into account when writing contracts. Appendix 3.C.1 derives the bargaining
outcomes.

Since workers are risk-averse and firms are risk-neutral, the bargaining outcome
is still that firms insure workers against low-productivity states, while workers
will accept a lower average wage in exchange for insurance. Much like in the
lay-off tax model, as long as the firm is not constrained (either because it is an
unconstrained firm or because constraints do not bind) the firm will fully insure
the worker against productivity risk and the total monthly wage w(e) will be
set to a constant consumption equivalent ¢, equating worker utility across all
realizations of ¢ that do not lead to binding constraints. This also includes the
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state where workers are on STW:
u'(c(€) = u'(c () = u'(c")

Once a firm becomes constrained and the constraint binds, it instead pays the
maximum monthly wage ¢" (€) it can still afford. This will depend on whether the
firm has access to short-time work or not:

(e) = z(e) + A - k
q
7 k
Czw(e) = Zstw(e) + Torw * (h — hstw(e)) + A Ev

When the firm goes on short-time work, the worker is compensated for the re-
duced working hours by the government. This means that when the firm has
a binding borrowing constraint and can only afford to pay the worker cg.,(€)
in monthly wages, going on short-time work can still increase the worker’s in-
come. The hours function that worker and firm agree on also differs depending
on whether the firm is on short-time work or not. The two cases are pinned down
by the conditions

A-a-e-h(e)* = h(e)¥
A-a-€-hy,(e)* ! = hstw(e)w + Tstw-

Again, the hours functions turn out to be independent of financial constraints and
equilibrium; therefore, they only contain the two general hours functions h(e)
and hgy(e). Note that without short-time work, the bargaining outcome for work-
ing hours equates to the marginal product of labor and the marginal disutility
from labor and thus sets working hours efficiently. With short-time work, work-
ing hours take the subsidy 7, into account, and hours are set lower than the
efficient number of working hours. This means that through inefficiently low work-
ing hours, the short-time work scheme introduces a distortion into the economy.
The bargained-over separation thresholds are pinned down by the job-destruction

equations
zcaﬁ)+%*w+%'% -0
Z(E?) + Tstw(i_l - hstw(e.lsl)) + %;V;l(b) - CW + A]-%n'r)f . % =0
YY) —ub
u(c(€H) u()+(A—f)-L'&:O
u'(cv) 1—m ¢
) —u
u(cstw(es)) u( ) + (A, _f) . n . & = 0.
u (c™) 1-n ¢q
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In unconstrained firms, the separation decision is determined as a bargaining out-
come: firms and workers separate once their joint surplus becomes negative. Im-
portantly, short-time work benefits are not included in the worker’s utility func-
tion. The rationale is straightforward—under STW, the firm continues to insure
the worker’s income against idiosyncratic productivity shocks. The worker receives
a constant consumption equivalent c¢”, regardless of the realization of €. As a re-
sult, the worker has no incentive to quit unilaterally. STW operates by reducing
the wage burden on the firm required to sustain this consumption level. In effect,
STW lowers the cost of providing income insurance, thereby reducing the firm’s
incentive to initiate separations.

In unconstrained firms, the worker’s commitment problem becomes binding: low
productivity realizations are passed through to the worker’s income. If income falls
sufficiently, the worker chooses to quit the match. Short-time work increases the
worker’s available income in such cases, thereby increasing the worker’s incentive
to remain with the firm.

Labor Markets. The separation rate p is given by p=(1—p)-p“+p-
p¢ where p"=G(e!) +G(max{&}, €4, }) — Glmax{e;, €4y, }) and p°=G(ed) +
G(max{&;, €5y }) — G(max{e;, €4, }). The remaining worker flows are given by
f = 1% and ¢ =7 . The steady-state law of motion for employment is

n=>0-A) -n+QQ-p)- -n
where n* denotes the number of matches that received a new shock
n=f-1-n)+A-n

Unemployment can be denoted as u =1—n. The number of workers who work
for unconstrained firms n“, and the number of workers who work at constrained
firms n® are given by:

Equilibrium. A steady state Equilibrium consists of the working hours functions
h(e), hy,(€), the consumption equivalent ¢* paid as the monthly wage to work-
ers without binding constraints, the consumption-equivalent wage c"(e) and cg
paid when financial constraints bind, the separation thresholds &Y, &¢, € and €

and labor market flows, i.e the job-finding rate f, the vacancy-filling rate q and
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the separation rates p“ and p¢ as well as n. The exact equations pinning down
equilibrium and their derivation are delegated to Section 3.C in the appendix.

3.3 Optimal Policy

3.3.1 The Ramsey Problem

To show the differences in how short-time work and lay-off taxes act against the
fiscal externality of UI on separations, we take a Ramsey planner approach. We
set up separate Ramsey problems for the lay-off tax regime and the short-time
work regime and proceed to compare optimal policies and their implications. In
both cases, the Ramsey planner maximizes welfare, subject to the equilibrium
constraints stated in Sections 3.B and 3.C in the appendix.

To state the welfare function formerly, recall that there is a mass of firm owners V.
Firm owners have the same preferences over consumption as workers and receive
equal shares of firm profits in the economy. Further, let £2 denote the average loss
of production in consumption equivalent units due to hours distortions:

1 max{€gy,€; } max{€gy,€; }
n = -5 a1-p- J 2(e)dG(e)+p - f 2(e)dG(e)
-p e €

= (1—p)u = (1—p©) ¢

where
2(e) = z(€) — z4w(€).

Stiepelmann, 2024 shows that 2> 0 22 and 2.

> OTgw O€stw

The welfare function is given by

W(rn) = n*-ul@®)+n°-u*+ (1 —n)- uld
+V oun - G—2)—n" " —nt e —1)—6-1—n) k)
(3.3.1)

where n" is the mass of workers employed at firms that do not hit their constraint
and n° is the mass of workers whose employers have a binding borrowing con-
straint. u® is the average utility of a worker at a firm that has hit its borrowing
constraint. z is the average production, net of work-disutility, and {2 is the aver-
age loss of production in consumption equivalent units due to hours distortions:
Under the lay-off tax regime, 2 =0 will always hold. The average total monthly
wage of a worker at a firm that has hit its borrowing constraint is e‘. The Ul-tax
T(b) = (1—n)-b is used to finance the UI system.
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1t is the vector of policy parameters the planner can choose, i.e. m = (b,F) in the
lay-off tax regime and 7 = (b, €4, Torw) Under the short-time work regime. The
problem of the Ramsey planner is given by

maxW(m) s.t. equilibrium conditions are fulfilled
T

The full problem is stated in Section 3.D in the appendix. Since the analysis does
not focus on distributional effects between firm owners and workers, we set the
mass of firm owners » such that the consumption equivalent of workers always
equals the consumption of firm owners.

3.3.2 The Optimal Lay-Off Tax Regime

Before we turn our attention to how F is set optimally, we first look at how the
planner sets b in the presence of a lay-off tax. This allows us to illustrate how a lay-
off tax interacts with the fiscal externalities caused by unemployment insurance.

Setting the unemployment insurance level b must balance a trade-off. On the one
hand, the Ramsey planner would like to insure the risk-averse worker against
income losses after a separation. If there were no welfare costs to increasing b,
the Ramsey planner would like to set b to a level that fully equates the utility of
employed and unemployed workers. However, as is well known, unemployment
insurance leads to fiscal externalities.

Increasing b will lead to more separations as the workers’ outside option (i.e.,
U) becomes more attractive. This will be true for workers at unconstrained and
constrained firms. This decreases the expected firm value, and vacancy posting
falls as well. On top of that, with risk-averse workers, constrained firms will lose
some of their ability to insure workers against bad productivity shocks because
with higher b, the continuation value of a firm will be smaller, further tightening
the borrowing constraint. The resulting trade-off between more worker insurance
and greater fiscal externalities is balanced by the Ramsey planner’s first order
condition.
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Proposition 1
The optimal unemployment insurance benefit b given lay-off tax F must fulfill the
following first-order condition:

/ — o w ge de* & u
(1_n).(M) - (_ﬁ) .u.Lv(bH(i) @) pu

u(cv) db db deu
Wi e ~
dGC 8ge 8nc(p) d9 ge .
+| =] - —= LG +n‘QP) - || = -IE
(db) gec O ( (db)) ’
MLS® MIES
where
n—y -1 )
L, =————-J+="-b
((n—y)(l—n) f
1
= k-(—-b—F)
: f
c A
Ls - ?b
P
. 1 Ty d(e©) —u'(™)
IE, = A== d -k
= gl 2 )
on(p) 1-p "
Jel ) - 8le)
an‘(p) P c
o€ A - gle)

PROOF: See Section 3.E.6 in the appendix.

The term labeled MUIB represents the marginal social benefit of a higher
unemployment benefits level b, stemming from improved income insurance for
unemployed workers.

The term labeled MLV captures the marginal social loss associated with a decline
in hiring induced by an increase in unemployment insurance benefits. The term
comprises two components. First, L, denotes the social value of hiring one
additional worker. Second, (—%)ge -u represents the reduction in the number of
new hires. Intuitively, higher unemployment benefits raise the worker’s outside
option, which puts upward pressure on wages and reduces the value of a worker
for the firm. As a result, firms find it less profitable to post vacancies, leading to

a decline in job creation.

The MLS terms denote the marginal social loss resulting from increased separa-



242 | 3 Carrots or Sticks? Short-Time Work or Lay-off Taxes?

tions caused by UI benefits. Specifically, MLS" captures the social cost arising
from increased separations in unconstrained firms, while MLS® captures the cor-
responding cost in constrained firms. Intuitively, higher unemployment insurance
benefits raise workers’ outside options, exerting upward pressure on wages. As
a result, unconstrained firms want to initiate separations early. In constrained
firms, workers are less willing to accept income reductions and thus quit into
unemployment sooner.

The term MLS" consists of two components. First, L. denotes the social value of
. . . de" 8¢ u

the marginal match at an unconstrained firm. Second, ( dfbs) . ag 6(3)) represents
N

the number of additional separations in unconstrained firms.

Similarly, MLS® consists of L;, the social value of the marginal match at a

. . dec 8¢ ¢ . ..
constrained firm, and (%) -age(f’ ) which denotes the number of additional

constrained matches lost due to higher UI benefits.

Finally, M® labels the social loss of worker income insurance in financially
constrained firms consisting of two parts: (—(%—g)ge) -1E, denotes the average
social loss arising from financially constrained firms’ reduced capacity to provide
income insurance3 while n® denotes the number of constrained firms. Intuitively,
higher UI benefits reduce the continuation value of a worker for a firm. Firms
can thus borrow less in bad periods, reducing their ability to insure the worker.

Note that, in general, all these loss terms consist of the marginal social effect
of b on the respective threshold (or labor market tightness in the case of MIE)
multiplied by the mass of affected workers.

The lay-off tax F enters the policy trade-off exclusively through the MLS" term.
Importantly, it does not affect any terms associated with financially constrained
firms. The intuition is straightforward: once firms become financially constrained,
they lose their ability to insure workers against adverse productivity shocks. As
described in Section 3.2, low productivity is then fully passed through to the
worker’s income. If the income falls sufficiently, the value of remaining employed
falls below the value of unemployment (V°(e) < U) and the worker will choose
to quit into unemployment. Since lay-off taxes are paid only in cases of mutual
separation, they do not apply to separations initiated unilaterally by workers who
leave due to insufficient total wage offers from financially constrained firms.

As a result, lay-off taxes can only mitigate the negative fiscal externalities of Ul
by stabilizing the number of separations in unconstrained firms. This means that
when p =0, lay-off taxes can induce the efficient number of separations in the

3. Note that €” in IE, denotes the productivity level at which financial constraints become
binding for a constrained firm.
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economy. As p increases, the lay-off taxes gradually lose their effectiveness until
they lose their bite completely once p = 1.

On the upside, the planner can choose to completely eliminate this part of
fiscal Ul externalities. This can be done with the optimal Lay-off tax stated in
Proposition 2.

Proposition 2 The optimal level of F is determined by its FOC:
1
F = )7 - b + BEy(b) (3.3.2)

PROOF: See Section 3.E.5 in the appendix.

The first component captures the fiscal externality of the unemployment in-
surance system. It reflects the expected UI benefits a worker receives upon
entering unemployment, and thus represents the fiscal cost that each separation
imposes on the Ul system. BE;, is a bargaining effect - an expression acknowl-
edging that setting F will have general equilibrium effects on other equilibrium
variables such as worker flows via the bargaining process. Note that the optimal
lay-off tax implements the efficient number of separations in unconstrained firms
as shown in Corollary 1.

Corollary 1

(i) Optimal Lay-off taxes fully eliminate socially inefficient separations in uncon-
strained firms.

(ii) If p = O, then all inefficient separations are eliminated in the economy
PROOF: See Section 3.E in the appendix.

The proof shows that the optimal lay-off tax sets the Lagrange multiplier
for the separation condition of unconstrained firms equal to zero.

Note that our model extends the insights of Cahuc and Zylberberg, 2008 and
Blanchard and Tirole, 2008 by embedding optimal lay-off taxes within a modern
search-and-matching framework of the labor market. Both of these earlier studies
show that lay-off taxes can decentralize the social planner’s allocation in settings
that focus solely on the separation margin. By contrast, search-and-matching
models feature both a hiring margin and a separation margin. In the absence
of financial constraints (i.e., when p =0), our model confirms that the logic
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underlying lay-off taxes - namely, their ability to correct the fiscal externality
associated with unemployment insurance - carries over to this richer framework
by eliminating inefficient separations.

3.3.3 The Optimal Short-Time Work Regime

Under the short-time work regime the Ramsey planner chooses 7., and €.,
(through D). Again, we first turn to how the planner sets the level of UI benefits
b in the presence of the short-time work scheme. Setting the unemployment
insurance level b must balance the same trade-off as before:

Proposition 3
The optimal unemployment insurance benefit b given a short-time work scheme
(Tstw» Esrw) must fulfill the following first-order condition:

TRy (W ge de\# u
(1—-n)- (M) - (_g) u 'Lv(b)+(i) . o - L{ (D, Tsrw)

u’ (CW) db db 2 6?
MUIB MLV ML S
o [deNE onf) .
+ Llegw = Es) ’ (d_bs) ’ 86§ ’ Ls,e(bJTstw)
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d&ge®e on‘(p)
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PROOF: See Section 3.F.6 in the appendix.

Again, L, is the social value of hiring one additional worker. LY is the so-
cial value of the marginal match at an unconstrained firm. Lg’i denotes the
social value of the marginal match in a financially constrained firm. Importantly,
constrained firms may feature two distinct separation margins: one at the thresh-
old where matches separate with short-time work support, denoted by i=c¢,
and another where they separate without STW support, denoted by i =&. The
eligibility condition for STW determines which of these separation thresholds is
operative. Finally, IEy captures the social loss through constrained firms’ reduced
ability to provide workers with insurance. Each of the terms is weighted by the
mass of workers it affects.

Like with the lay-off tax regime, the marginal social benefit of more generous
unemployment benefits (MUIB) has to equal the marginal welfare losses, i.e.
the marginal loss through too few vacancies being posted (MLV), too many
separations in both unconstrained and constrained firms (MLS" and MLS®) and
loss of insurance by constrained firms (MIE®). However, there is a key difference
between the FOCs under the lay-off tax regime (Proposition 1) and the FOCs
under the short-time work regime. The lay-off tax parameter F entered only
the MLS" term, and lay-off tax could only counteract the adverse effect of
unemployment benefits on separations in unconstrained firms. By contrast, the
short-time work parameters (Tg.,€sw) appear in all the terms except the MLV
term. Unlike lay-off taxes, short-time work has an effect not only on separations
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in unconstrained firms, but can also act on constrained firms and counteract
inefficient separations.

The core problem for financially constrained firms is their inability to absorb
negative productivity shocks, which forces them to pass the resulting income loss
directly onto workers. If the decline in income is large enough, workers may
choose to quit. Short-time work functions as a subsidy that partially replaces this
lost income, thereby incentivizing workers to remain with the firm. Through this
channel, STW not only reduces inefficient separations, captured by the marginal
social loss (MLS) terms but also enhances income insurance by acting on the
MIE® term.

A second difference is that the eligibility threshold e, determines which firms
have access to STW, leading to the MLS®-term being split into two parts. If the
eligibility condition is strict, i.e., €y, < &;, then some firms that could otherwise
survive with STW support are excluded from the system. Naturally, UI benefits
also influence the separation threshold without STW support. Moreover, if €, is
set even strictly to €y, < €;, then constrained firms are entirely excluded from
the STW system. As a result, unemployment insurance benefits can no longer
influence separations under the STW regime, eliminating the corresponding term
from the equation.

It is clear from Proposition 3 that short-time work has the advantage of acting on
the loss terms of constrained firms. On the downside, as argued in the bargaining
paragraph of Section 3.2.3, firms on short-time work will distort their working
hours, in turn leading to welfare losses. The Ramsey planner has to trade off the
benefits of short-time work as a tool that can counteract the fiscal externalities of
UI and the adverse effects of hours distortions. This is reflected in how optimal
short-time work is set.

We begin by examining how the eligibility of STW should be determined. The
following Proposition describes the optimal eligibility condition:

Proposition 4

Assume that the Ramsey planner never wants to use short-time work to impede
vacancy posting by destroying the efficiency of the match.# Depending on where the
optimal eligibility threshold €}, is set, relative to the different separation thresholds,

4. In principle, this could happen in extreme cases of deviations from the Hosios condition.
In this case, too many vacancies could introduce inefficiencies to such an extent that the Ramsey
planner would use short-time work to destroy vacancies. Since this is neither realistic nor the
focus of our analysis, we exclude this case. The formal corresponding assumption is stated as
Inequality in Section 3.F.5 in the appendix.
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its optimality condition differs. There are three cases to distinguish. For each case,
the following condition will pin down a candidate for €}, . Which of the candidates
is the optimum can then be determined by evaluating the welfare function at the
three candidate values.

. C u
Case 1: € > €4, = &

In this case €,, = & is the candidate.

Case 2: let I = max{eS, &'}, & and ey, €1
In this case if

an‘(p) o
He Lg () > n* - 3 + BEgy, Ve €1, (3.3.3)
€stw Estw
preserve matches in distort working hours
constrained firms in unconstrained firms

then the candidate is €y, = &;. BE,, 5 is a term that captures general equilibrium
effects through the generalized Nash bargaining process. If

ant ant
an ) IE(e) < o + BEgy, Ve €1, (3.3.4)
e :

stw 0 €t

then the candidate is €y,, = &;. In the remaining case, i.e., the above inequality
holds as an equality, this equality pins down €. In this case €, € [ Y, Es]

Case 3: €y = &°
In this case, if

a0
n: + BEstw,Z
0 €gtw
distortion
U(Cstw(estw)) - u(c(estw)) y (CW)
on‘(p) Corw (Estw) — C(Egt)
aestw . = - u/(cuf)w ’ [CStW(estw) - C(estw)]

v
additional insurance

then the candidate is €, = &;. Otherwise, the above inequality holds as an equality
and pins down €y, > &.

PROOF: See Section 3.F.5 in the appendix.

To explain Proposition 4, one intuitive additional result is crucial, namely
that constrained firms will always separate at even higher productivity levels than
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their unconstrained counterparts. The following lemma confirms this:

Lemma 1

C u C u
€, < €, and & < &

PROOF: See Section 3.G in the appendix.

This presents the planner with a trade-off. Remember that any mass of
firms on short-time work introduces socially sub-optimal distortion of working
hours into the economy. This makes it socially costly to allow firms that would
not have separated even without short-time work benefits to access short-time
work.

When choosing e, the planner can choose to set the threshold leniently enough
to allow constrained firms that would otherwise separate onto short-time work -
i.e to €5y = &;. In this case, however, there will be a mass of unconstrained firms
that can access short-time work, even though it would not separate even without
it, introducing costly working hours distortions.

Alternatively, the planner can choose to ignore constrained firms and set the
eligibility threshold to ey, € [€¥, £;) where unconstrained firms separate without
access to short-time work. In this case, some constrained firms are cut off from
the STW system even though they are in even more need of support than the
unconstrained firms, not because of their productivity draw, but because of
financial constraints that force them into separation before they become eligible
for short-time work.

Proposition 4 reflects this problem. First, let us consider case 3. In this case, the
eligibility condition is so loose that all firms in need of support can access short-
time work. To achieve this ey, = & is sufficient. The question remains whether
an even looser eligibility condition can be optimal. Because short-time work can
provide income insurance to workers in financially constrained firms even before
the match reaches the separation margin, it may be socially efficient to adopt
a more generous eligibility condition. However, this effect could be outweighed
by the additional working hours distortion introduced to both constrained and
unconstrained firms, in which case the threshold remains at ;. Our numerical
results presented in Section 3.4.2, indeed, show that quantitatively, the distortion
effect dominates and that e, = & will be optimal.

Case 2 considers the case where the eligibility condition is set so strict that some
of the firms with financial constraints are excluded from the STW system, even
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though they would be in need of support. At the same time all unconstrained
firms that are in need of support can enter the STW system. The Ramsey
planner must trade off the additional hours distortion in excess unconstrained
firms against the social gains from protecting constrained firms. This trade-off
is reflected by Inequality 3.3.3 and 3.3.4 and can go either way, depending on
the value of p. In case the distortion effect outweighs the benefits of rescuing
additional firms with financial constraints®, the planner will choose to ignore
constrained firms and choose the eligibility thresholds . Only if 3.3.3 holds as
an equality and the two effects are in the balance could €, be between the two
separation thresholds.

In case 1, the planner excludes all constrained firms. As argued by Stiepelmann,
2024 ey, < & cannot be optimal as this would exclude the most productive
firms in need of support from short-time work. Increasing the threshold cannot
be optimal either, as this would not impede additional separations but introduce
additional distortions in working hours.

Proposition 5 The optimal short-time work subsidy 74, is pinned down by
the first order condition

= _ & _n an
v f ¢(P) 0 Tgw
| —
Fiscal Ext. Distortion
C 1 max{eg’estw} / W _
L @) : (S D) i~ e dGte)
@) 1—-p° Je u'(c")
Ins;r;nce
+ BEstw,S
Bargaining Effect
with
. “(p) = ‘(p) -
Toow = Ty (= by (€99) + ZE2 7 (= By (€)
¢ () ¢ (@)

where BE,, ; captures general equilibrium effects through wage setting in the
generalized Nash bargaining process. ¢ (p), ¢°(p) and ¢“(p) are weight-terms
with @ (p) = ¢"(p) + ¢°(p) that are explicitly stated in Section 3.F.5 in the
appendix.

5. Here L(e) denotes the social value of a financially constrained match with productivity
level e.
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PROOF: See Section 3.F.5 in the appendix.

Proposition 5 reveals that the Ramsey planner sets the average net subsidy
Ty to reflect three forces (abstracting from the general equilibrium bargaining
effect). The first part of the sum is exactly equal to the fiscal externality of
unemployment insurance on separations, i.e. the cost that the marginal worker
who separates into unemployment imposes on the UI system. The second term
reflects the fact that higher subsidies enable constrained firms to offer more
insurance to workers to the extent that they are eligible for short-time work. This
increases the optimal level of T.,,. However, larger short-time work benefits will
also lead to larger working hours distortions, in turn lowering the optimal level
of Ty Terw 1S then determined by distributing the load of T on constrained and
unconstrained firms, taking into account marginal welfare gains.

It is noteworthy that the Ramsey planner sets the average net subsidy T,
optimally and then adjusts the actual benefits 7, to achieve this optimal level.
Since constrained firms have higher separation thresholds (e; > €), it will hold
that i_l—hstw(eg) < I_l—hstw(e?). Because ¢"(p) is decreasing in p and ¢°(p) is
increasing in p, this means that holding €, fixed, 7, will be increasing in p.

Having disentangled how the Ramsey planner uses lay-off taxes and short-time
work to counteract the fiscal externalities created by unemployment insurance, it
is now time to determine which is the superior policy tool. From a theoretical
point of view, this cannot be definitively determined. While lay-off taxes do
not introduce any inefficiencies into the economy and can in fact induce the
efficient number of separations in unconstrained firms, they cannot counteract
fiscal externalities on constrained firms. Short-time work, on the other hand, can
act on constrained firms as well. This, though, comes at the price of distorted
working hours. To determine which is more effective in practice, we focus on the
quantitative analysis of the model in the remainder of the paper.

Corollary 2 If there are no constrained firms in the economy (i.e., p=0),
the optimal lay-off tax increases welfare more than the optimal short-time work
scheme.

PROOF: This follows from the fact that lay-off taxes introduce no distor-
tions but can fully eliminate inefficient separations in unconstrained firms. All
inefficiencies that short-time work can act on but lay-off taxes cannot, drop out
when p =0.
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It is also clear that short-time work is the superior policy instrument if all firms
are constrained.

Corollary 3 If there are no unconstrained firms in the economy (i.e., p=1),
the optimal short-time work scheme increases welfare more than the optimal lay-off
tax.

PROOF: This follows from the fact that the only inefficiency that short-time
work can act on, i.e., inefficient separations in unconstrained firms, cannot
occur anymore. Short-time work can still act against inefficient separations in
constrained firms and provide worker insurance.

In all cases with p € (0,1), it is ambiguous which of the two policy regimes is
superior without quantitative analysis, to which we turn next. It is clear, however,
that as p increases lay-off taxes gradually lose their advantage over short-time
work.

3.4 Quantitative Results

3.4.1 Calibration

As the utility function, we choose u(c) =log(c). We calibrate the model without
either a lay-off tax or short-time work to the U.S. economy at monthly frequency.
In order to evaluate the implications of short-time work and lay-off taxes in the
current U.S. economy, we fix the unemployment insurance system and target the
wage replacement estimate reported by Engen and Gruber, 2001 for the U.S. Up
to small numerical imprecisions, this can be done by reproducing the targeted
moments exactly by solving a system of equations stated in Section 3.I in the
appendix. Table 3.4.1 gives an overview of our selected targets.

Target Description Value
q Vacancy-filling rate  0.3381
f Job-finding rate 0.40
p Separation rate 0.1

b'eP Ul replacement rate 0.45

Table 3.4.1. Model Calibration Targets
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Table 3.4.2. Model Parameters: Calibrated and Set Values

Parameter Description Value

Calibrated Parameters

m Matching efficiency parameter 0.3832
o Cost shock parameter 3.3276
k, Vacancy posting cost 0.3315
b Unemployment benefit level 0.9972
h Regular working hours level 1.1616
A Total Factor Productivity (TFP) 1.8

Set Parameters

A Shock arrival probability 0.3

a Labor elasticity in production function 0.65
u Location of productivity shocks 0.094
o Scale of productivity shocks 0.12
0] Disutility of labor parameter 1.5

Y Elasticity of matching w.rt. unemployment  0.65
n Worker bargaining power 0.65

Notes: The set parameters are based on the following sources: a: Christoffel and Linzert, 2010. y:
targeting Frisch elasticity of 0.65 as in Domeij and Floden, 2006. o: Krause and Lubik, 2007. p:
normalizing wage to 1. y: standard value. n: Hosios condition (Hosios, 1990), reasonable set of
parameters in Petrongolo and Pissarides, 2001.

The first part of Table 3.4.2 shows the calibrated parameters set to achieve the tar-
gets. As shown by Costain and Reiter, 2008, large-surplus calibrations are needed
not to overestimate the elasticity of worker flows to policy changes. We therefore
set TFP A to 1.8.

The remaining parameters are set to standard values shown in the second part of
Table 3.4.2. We set A = 0.3, so that a firm will remain at any drawn productivity
level for 1/0.3 = 3.33 months on average.

3.4.2 Results

To calculate the Ramsey optimal policy parameters, we maximize the welfare
function (Equation 3.3.1) numerically. The details are described in Section 3.H in
the appendix.

Figure 3.4.1 shows the results for the optimal lay-off tax F across p € [0,1]. The
result is what its FOC (Equation 3.3.2) lets us expect. The planner exactly offsets
the fiscal externality on unconstrained firms %-b. Since this does not depend
on p in any way, the level of the optimal lay-off tax F hardly changes across p.

The slight downward slope is explained by general-equilibrium feedback effects
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Figure 3.4.1. Optimal Lay-off Tax
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Notes: Optimal lay-off tax F set by the Ramsey planner across p € [0, 1].

in BE(b). At p =1, lay-off taxes lose their bite completely as they can no longer
target any inefficiencies, and in fact, no firm will have to pay them. To illustrate
this, we show the optimal lay-off tax to be F = 0. In fact, any lay-off tax F € R,
is optimal.

Figure 3.4.2. Optimal Short-time Work
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Notes: Optimal &y, and Ty, set by the Ramsey planner across p € [0,1]. § is the separation
threshold of an unconstrained firm without access to short-time work. & is the separation threshold
of a constrained firm without access to short-time work.
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Figure 3.4.2 shows the Ramsey optimal short-time work parameters across
p. The way that the Ramsey planner sets the eligibility threshold reflects the
trade-off described in Section 3.3.3 under Proposition 4: While there are only
a few constrained firms in the economy, it is very costly to protect all firms,
including constrained ones, from premature separations. Setting the eligibility
constraint high enough to allow all constraint firms onto short-time work before
they hit their separation threshold & will allow many unconstrained firms onto
short-time work and collect windfall profits, even though they would not separate
without it. As discussed, this introduces inefficient working hours distortions,
and as long as only a few firms are constrained, these distortions outweigh the
benefit of protecting these few constrained firms. The optimal eligibility threshold
is therefore .. However, as the mass of constrained firms grows along the
x-axis of Figure 3.4.2, the benefits from protecting constrained firms eventually
outweigh the added distortion from protecting excess unconstrained firms. At this
point (p =0.205), the eligibility condition jumps to the threshold &£; at which
constrained firms without short-time work separate.

Intersection: 0.4 Intersection: 0.4
—r —r
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Figure 3.4.3. Welfare Comparison

Notes: Plot (a) on the left shows welfare across p € [0,1] of the economy with the optimal lay-off
tax and the optimal short-time work regimes, respectively. Plot (b) on the right shows improvements
of optimal short-time work and optimal lay-off taxes over the economy without either of these two
policies in terms of consumption equivalent variation.

The optimal generosity parameter 74, is increasing in p except at the kink
at p=0.205. This is because, as discussed in the context of Proposition 5 in
Section 3.3.3, the planner targets the average net subsidy. As constrained firms
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have less margin to adjust their hours, this means that 7, has to rise in p as
long as €, does not change much. However, when €, jumps to £;, many more
firms are suddenly on short-time work, introducing greater hours distortion to
the economy. To counteract that distortion, the planner reduces the 7, as the
more lenient eligibility threshold is introduced.

Having established how the Ramsey planner sets both lay-off taxes and short-time
work, it is now time to discuss which is the superior policy tool. Figure 3.4.2
shows the respective welfare induced by the optimal lay-off tax and the optimal
short-time work schemes across p on the left. Unsurprisingly, welfare is decreasing
in p in both cases as higher shares of firms become constrained. As expected,
when there are no or only a few constrained firms, the lay-off tax is the superior
policy tool. Crucially, however, the two curves have different slopes and intersect
at p = 0.40. The interpretation is simple: If more than 40% of firms are financially
constrained, short-time work becomes the superior policy instrument; for smaller
shares of constrained firms, lay-off taxes are the better tool.

For better interpretation, Figure 3.4.3 shows consumption equivalent variation,
i.e., by what share consumption would need to be increased in the economy
without either short-time work or lay-off taxes to induce the same welfare level
as the economy with the respective optimal policy, on the right. To calculate
consumption equivalent variation AP°Y we solve

u(CO . (1 + ApOliCY)) = u(cpolicy)

where ¢j = u~1(W(0)) and Cpolicy = u YW (). W(0) is welfare without either
short-time work or lay-off taxes and W(n*) is welfare under the respective optimal
policy. While welfare improvements in terms of consumption equivalent variation
intersect at the exact same point as raw welfare functions, they carry two addi-
tional messages. Firstly, the resulting improvements of the respective superior pol-
icy scheme are substantial at every p, ranging around 2%. Secondly, as p increases,
short-time work becomes not only preferable to lay-off taxes, but improvements
in terms of consumption equivalent variation increase. This stems from the effect
that short-time work helps firms provide insurance, which becomes increasingly
important for higher p.

3.5 Conclusion

We set out by asking the simple question, which of the two policy tools that pol-
icy makers in many countries already employ - lay-off taxes or short-time work
- is better at counteracting the fiscal externalities of unemployment insurance.
While existing literature emphasizes desirable properties of lay-off taxes, we show
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that their effectiveness is highly sensitive to the assumption that firms are uncon-
strained in their ability to smooth shocks.

By introducing firm-level financial constraints into a rich yet tractable Diamond-
Mortensen-Pissaridis search-and-matching framework (DMP) with endogenous
separations, risk-averse workers, and flexible working hours, we show that lay-off
taxes struggle with counteracting these externalities when firms are constrained.
Short-time work schemes, on the other hand, can act on constrained firms but
have the disadvantage of introducing new inefficiencies into the economy through
distorting working hours.

Our theoretical analysis, grounded in a Ramsey policy approach, delivers closed-
form expressions for optimal lay-off taxes and STW subsidies as a function of the
share of financially constrained firms. We show that lay-off taxes are the superior
policy instrument with no or only a few financially constrained firms, but that
short-time work benefits are better if sufficient firms are financially constrained.
Quantitatively, we find that when 40% or more of firms are financially constrained,
short-time work dominates lay-off taxes in welfare terms.

Policy recommendations must therefore depend on the prevalence of financial
constraints in an economy. Anecdotally, it seems highly plausible that in the U.S.,
where a lay-off tax is implemented through experience-rated unemployment insur-
ance, financial constraints play a smaller role than in countries like Germany or
France with less developed financial sectors and smaller firms where short-time
work is widely used. Empirically determining the exact extent of financial con-
straints in different countries and the implications for optimal policy is therefore
key.

Another interesting way forward is to explore how our results change over the busi-
ness cycle. If the extent to which firms are borrowing constrained or the share of
constrained firms changes in downturns, there could be a case for relying more on
short-time work during downturns and more on lay-off taxes during good times.

We view this as a fruitful ground for future research.
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Appendix 3.A Table of Model Parameters, Variables and
Functions

Symbol Description

n Mass of employed workers
u=1-n Mass of unemployed workers

v Mass of posted vacancies
6=~ Labor market tightness

f Job-finding rate

q Vacancy-filling rate

p Separation rate

pY,p¢ Separation rates (unconstrained/ constrained)
pf Separation with lay-off tax

pt Separation via bankruptcy

p Probability firm is constrained

A Probability of productivity shock
& Productivity shock (lognormal)
G(e),g(s)  CDF and PDF of productivity shocks
m,y Matching function parameters

A Total factor productivity

a Output elasticity (hours)

7] Inverse Frisch elasticity

Vg Mass of firm owners

h Reference hours under STW

D Eligibility threshold for STW

Estw Productivity threshold for STW

b Unemployment benefits

F Lay-off tax

L Liquidation cost

T Lump-sum tax per shock

Totw STW subsidy per hour gap

R, Cost of posting a vacancy

n Bargaining power of workers

Table 3.A.1. Model Parameters, Variables and Functions Part 1
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Symbol Description

u/ c unconstrained/ constrained

m(v, n) Matching function

o(h) Disutility of labor: 2::

u(c) Worker utility from consumption net of disutility
y(g, h) Output

z(g, h) Output net of disutility (cons.-eq. units)

z(€) Shorthand for z(g, h())

Z(€) Output net of disutility under STW hours

u¢ Average utility of a worker at a constrained firm
et Average total wage net of disutility paid at a constrained firm
0(¢) Welfare Costs STW in match at productivity €

o Average welfare loss STW in unconstrained firms
o8 Average welfare loss STW in constrained firms

0 Average welfare loss net of disutility of all firms
h(g) Hours worked (non-STW)

hge(€) Hours worked under STW

" Constant consumption-equivalent wage

c(¢e) Constrained consumption wage

cl.(€) STW-constrained wage

w(g), w(g) (Monthly) Wage functions (u/ ¢, no STW)

W, (€), W, (€)  (Monthly) Wage (u/ c) under STW

VU(g), Ve(g) Worker value (u/ ¢, no STW)

Ve (€), Vi (e) - Worker value (STW)

v Expected worker value

u Value of unemployment

J4(g), J(¢) Firm value (u/ ¢, no STW)

S (), S (€) Firm value (u/ ¢) under STW

] Expected firm value

el Separation thresholds (u/ c, under STW)

&L & Separation thresholds (u/ ¢, no STW)

&P Productivity where constraint binds

n® Mass of matches receiving new shock

nY, n¢ Mass of workers at u/c firms

Table 3.A.2. Model Parameters, Variables and Functions Part 2
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Appendix 3.B  Equilibrium Lay-off Tax

3.B.1 Bargaining

Nash-Bargaining Problem:

max Ja-m (\7 — U)n

witt(e),we(e),ht (e),h (e),el €S

subject to

1.Financial constraint of financially constrained firms:

y(e,h(e) —w(e) +A-J(E)+ (1 —A)-J =0

2.Commitment problem (Worker):

Viie) > U, V%) > 0

First of all, note that we can rewrite the financial constraint as
z(€) —cle) + AJ(e)+ (1 -] >0

Second, we can integrate the commitment problem of the worker into the value
functions for the firm and worker surplus. For i € {c,u}, we can rearrange the
condition as:

uc@E@) —u®+A—f- V-0 =0

Let e, denote the threshold at which the worker wants to separate on his own
terms:

u(c(ex®) —ud) + A—f) - (V-U) = 0

We can rewrite the value functions of the firm and the surplus of the worker as:
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(o]

1
A
+ (1 —p) - G¥P) - 1" > €-P)-F

B =—74+(Q —p)- f (z(e) —(e) + U) dG(e)

max{e;” e "}

+p- f % - (2(e) — c“(e) + AT)dG(e)
max{eg’B,eg’Cp}

+p- G(e;"B) . Il(e;"B > elP) L

_ o 1 )
V-0 = -p- J = - (u(e(€) — u®) + AV — 1)) d6(e)
max{e"® e P}

+p- f % (ulc () —ud) + AV —U))dG(e)

max{e"® e}

Note that ei’B denotes the separation threshold in the bargaining outcome. In the
following, we rule out the case where the consumption of the worker can be set so
low that the worker quits on their own terms to avoid the lay-off tax. This means
that e;" is seen as exogenous to the bargaining participants. Several lawsuits in
the US show that this might, in reality, actually be a problem of lay-off taxes that
we abstract from.

Therefore, lay-off taxes in this model can be interpreted as marginally effective!
Further, note that financially constrained firms cannot pay lay-off taxes and go
bankrupt when they are constrained and have to pay the lay-off tax. In this case,
we assume some liquidation costs 0 <L <F, borne by the firm owners. Finally,
note that it is equivalent to maximize over w'(e) and ci(e) as

@ = wie) — ¢'(h(e)).
Set up Kuhn-Tucker Problem:

max B
ce(€),ct(€),he (€),ht ()€ el

where
@ = () (v-u)""- f ME)[z(e) —cle) +A-T+A—f)-Je)]de
0

With Kuhn-Tucker conditions for a maximum:

M #(E) <0
an e -[z(e) —cle+A-T+A—F-J@E)] =0



264 | Carrots or Sticks? Short-Time Work or Lay-off Taxes?

o B V—-U
Jaie) —(A=n)-A—p)-gle)- (—)

‘L‘I

1-n
+n-Q—p)-gle) - (") - (V U)

1;77 . u] = u/(cu(e)) => u’(cu(e)) = u/(CW)

Note that the firm wants to perfectly insure workers against idiosyncratic produc-

tivity shocks as long as they are unconstrained

Define the joint surplus as
- - V-U

S=J+
u'(cv)

The resulting surplus splitting rule gives

. V-U _
=@Q-m-S =n-S
u'(c)
0% —-U
2¢(0) = —A-=p)-gle)-A—n)- ( 3 )
1-n
+(1—p)-ge-u("@©) U- ( U)
+ H(e) =
Insert the surplus splitting rule
n n
= —QQ-p)-gle- (1 -u’(cw))
|

+ @1 —p)-gle)-u' (&) -
1—n)\"
+J/l(e)-(u’(cw)-T) =0

1-n
e Q—p)-gle)-n- (W (E©)—uE™) = —e) (u ) - %)

Note that if c(e¢) < ¢”, then the RHS of the equation is positive due to risk
3 C w

aversion. Thus, firms and workers gain joint surplus until c°(¢) = ¢

If
26) ="+ A J+ QA —=Q1)-JC€) >0
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then the constraint is non-binding and .# (¢) = 0. vV

If

26) =" +A-J+ (1 —A)-J%E) <0

then the constraint is binding and .#(e) < 0.V
Thus, it is optimal for the firm to pay as much as it can:

JE) = z(e) —c(e)+A-J+(1Q—=A)-JC) =0

& C(e) = z2(e)+ AT

Using the surplus splitting rule, the Nash-Bargaining problem can be simplified to

max Q- W )" -S

wt(€),we(€),h*(€),hc(€),€e €5

That is, we just have to maximize the joint surplus with the remaining contracts:

S = —1°¢

+(1—p)-J %-(z(e)+w—c“(l—n-f)-g)dﬂe)
max{e",e""P} u'(e")

— (1 —p) - G(™P) - 1(e*? > €>P)-F

+p-f %'(z(e)+M—cw+(1—n-f)-§)dG(e)

u'(c)

+p-fp l'(Z(e)+%_u(b)—C”“f(l‘”'f)'S)dG(E)

! w
max{el® 4P} u'(c)

—p- G(eg’B) . ]1(62"3 > eg"q’) -L

The FOC for working hours in unconstrained firms is:

oB (9y(e,h*(€) ., -
e (1—p)-gle) ( 2 (o) ¢'(h (e))) =0
dy(e,h"(€)) ., .,
Tone ¢'(h"(e))

The FOC for working hours in constrained firms is:

oA

_ dy(e,h"(€))
dhc(e)

Jhe(e)

@) _

u'(c)

0

p-ge)- ( - ¢'(hC(e)))
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9y (e, h(€))

T RRRAUS)

ub u®
Suppose that € > €

0%

b
dey’

u(c™) — u(b)
u'(c”)

u 1 u,
= —(1—p) - g(e¥) - [X : (2(65 by +

—cW+(/1—nf)u§)+F] =0

W) — -
— z(e?’b)+A-F+%Cw’;(w—cw+(l—nf)-S =0
Insert free-entry Condition:
u(c@) —u®

z(e;"b)+7t-F+ cW+(A—nf)-(%)=0

u'(c")

b . .
Note that e > eg’CP must hold, as workers would never quit under the insurance
constraint of the firm:

V) —U = u™—u®+A—-HV-U) >0

It always gets positive surplus!
Suppose that ej’B > e P

0%

c,B
Je

u (cc(eg’B)) —u(b)

u'(c)

= —(1—p) - g(e?) - [% : (2(6?3) +

—cC(eg’B) + (A —nf) -g) +Li| =0

C(~CBYY __ b
= z(ej’B)+7L~L+u(C &) —u®)

— €+ A—nfH-5=0

u'(cv)
Insert free-entry condition:
u(c (%)) — u(b) A—nf k
2(eP) + A L+ = —c(eP) + vk
s u'(cv) s 1—-71 ¢

The participation constraint of workers can be written with free-entry condition as:

u(c (™) —u®)
u'(cv)

A=n) k
1-n gq

z(exP) + c“(eP) + =0
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Note that to avoid liquidation costs, firms could like workers to stay within the
firm for negative surplus values. Thus, the worker decides to leave the firm before

B < P avoiding lay-off taxes.

the contractual separation threshold €;

3.B.2 Job Creation and Wage Equation
The notation of this section follows Appendix 3.D for lay-off taxes.

(I)Value of an unconstrained firm after the idiosyncratic productivity shock has
realized:

JUe) = z(e) ="+ AT+ (1 —A) - JUe)
&= JYe) = %(z(e) -+ AJ’)

(IDValue of a constrained firm without binding constraints after the idiosyncratic
productivity shock has realized:

Je) = z(e) ="+ AT+ (1 =) -Je)
& Je) = %(z(e)—cw—l—lj)

(Il)Value of a constrained firm with binding constraints after the idiosyncratic
productivity shock has realized:

JE) = z(e) =c"(e) + AJ+ (1 — Q) - J°(e)

& Je) = %(z(e)—cw(e)+kj)

(IV)Value of a firm before the idiosyncratic productivity shock has realized:

oo oo

JU(e)dG(e) +p - J J(e)dG(e) — (1 —p) - p" - F

€

j=—r+(1—p)~f

u
eS

Inserting (I)-(III) into (IV) gives:
- 1
e J = _T+X[(1_p) 2= 1A-=p)-A—=pD-c"—p-A—p9)-e€
+(A—p)-A-J|-Q—p)p"F

(V)Value of an unconstrained worker after the idiosyncratic productivity shock has
realized:

Vi) = ul) +AV+ (1 —2A) - V¥e)

e Vi) = %(u(cw) +AV)
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(VI)Value of a constrained worker without binding constraints after the idiosyn-
cratic productivity shock has realized:

Veie) = u( ™) +AV+ (1= -V(e)

V) = %(u(cw)+7t\7)

(VII)Value of a constrained worker with binding constraints after the idiosyncratic
productivity shock has realized:

Veie) = ulc(e) + AV + (1 —A)-V(e)

S Ve(e)

%(u(cw(e)) +AV)

(VIII)Value of a worker before the idiosyncratic productivity shock has realized:

oo

vV = (1—p)-f V“(e)dG(e)+p-J Ve(e)dG(e) + p - U

c

Inserting (V)-(VII) into (VIII) gives:
_ 1 _
o V= 0-pa-pY-u)+p-A—p)-u+A=p)-2-V+p U]

(IX)Unemployment:

U=ub)+f-V+A—-H- U

Next, we turn to calculating the joint surplus.

A)First, let us calculate the surplus of the worker after the idiosyncratic productiv-
ity shock has been realized:

ViEe)—U = u(@)—u® +A—H -V(E+A—f-V—QA—f-U
& VE-U=ud@-ubd)+A—H - V(E-D+A—f V-0

. 1 . -
& Ve -U= Z(u(cl(e)) —ud)+A—fH-V-10)
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B)Next, we calculate the expected surplus of the worker, before the shocks have
been realized:

<!

-U = (1—p)-J (V“(e)—U)dG(e)+p-J (Ve(e) — U) dG(e)

1
= z[(l —p) - (1 —=p" - (ulc) —u®)
+p- (1 —p9) - (ulc) —u®)

+(1—P)-(l—f)-(\7—U)]

C)Next, we can calculate the joint surplus from the expected value of a worker
for a firm and the expected surplus of the worker:

V—-U

S =J+
u'(c¥)

= —T+%[(1—p)-z

“) — b
+a-p)-a-ph (MR )
) — u(b
V—-U
u'(c")

+Q=p)A-J+A-—p)A—-f)- }—(1—p)'p“~F

Using the surplus splitting rule, we can rewrite the equation above as:

S = —T+%[(1—p)‘z

") —u(b
+(1—p)-(1—p“)-(%—c“)

u(c) —u(b) C)
— —¢

+p-(1—p9 ( nen)

+(1—p)'(A—nf)~5]+(1—p)'p“-F

Next, we want to replace the tax in the surplus equation. We can do this by using
the budget constraint of the government:
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-t =n-Q-p)-p* - F+(Q—n)-b
1—
= T=(1—p)-pu-F+—Sn-b
n

A
Insert n* = -n

1-p

1—n.b

= T:ns‘(l—p)‘p“-F+%-(1—p)-

Inserting it into the equation for the joint surplus gives:

u(c) —u® Cw)

u'(c)

1 1—
S = X[(l—p)-(z——n-b)+(1—p)-(1—p“)~(
n

u(c®) — u(b)
u’(cv)

+p-(1—pc)-( —ec)+(1—p)-(k—nf)-5]

Next, insert the free-entry condition: % =17

(1—p)~(z—1_n~b)
n

u(@) —u®) cW)

u'(c™)

+(1—p)-(1—p“)-(

) —u(b
+p'(1—pc)-(%—ec)
A— k
1-n ¢

The subsequent derivation of the wage equation is completely analogous to the
derivation under STW regime described in Section 3.C.2. The wage equation thus
reads:

") —u(b
(1—p)(1—p”)-(1—n)-(—u(6) ue®) +7)~cw) =
u'(c")
1—
n-[(l—p)-z—(l—p)-Tn-b+(1—p)-9-kv]

u() —u) 0 ec)

u’(c")

—p-(l—pc)-(l—n)-(
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Appendix 3.C Equilibrium STW

3.C.1 Bargaining

Nash-Bargaining Problem:

Ji-n. (\'/ —u)"

wh (€),w (€),Wg, (€),wg, (€),

ht(e),h"(€),h,, (€),he,, (€),

AN
€4,€5.85 &S

Subject to:

1.Financial constraints of financially constrained firms:

y(e,h(e) —w(e) = A-J(E)+1A—-A)-J

y(€, Ry (€)) — W  (€) = A-J (&) +(1—A)-J

stw
2.Workers have a commitment problem:

U > Vi(e), U > V% (e)

stw

U > V(e), U > V. (e)

stw

Second, we can integrate the commitment problem of the worker into the value
functions for the firm and worker surplus. For i € {stw,no stw} and j € {u,c},
we can reformulate the condition as:

u@E@) —u® + A= - T—-0) = 0

Let ei’Cp denote the threshold at which the worker wants to separate from a firm
with STW support:

u(c(e*™P)) —ud) + A —HEW—-U) = 0

Likewise, we can determine the threshold at which workers leave firms without
STW support, £/, as:

u(@ &) —u®) + A—HW-U) = 0

We can rewrite the value functions of the firm and the surplus of the worker as:
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- o 1 _
JB = —T+(1—p)-|:f —(2(6)—6“(6)+M)dG(e)
max{gé”B, ?,Cp’estw} A
maX{E;‘B, S’C IESIW}
T J = (25w (€) — % (e) + AT) dG(e)}
max{e"?, P} A
o0 1 )
tp- [ f = (2(e) — ¢°(e) + AJ) dGe)
max{£94, 5% e} A

max{eg’B,eg’c »Estw
+ f c,B c,cp} z (ZStw(e) - Cgtw(e) + M) dG(E)]

max{e;" , €

-0k

(o] 1 _
= (1-p)- U 0 (u(c“(e)) —ud) + A(V — U)) dG(e)
max{gsB &P estw}

5Gs
u,B U,Cp
5

max{e”,€;"" ,Egw}
+ f = (ulc®,,(€)) + To(h — hyy (€)) — u(d) + AV — U))dG(e)]

max{e™?, P} A
[ee) 1 ~
+p- U X(u(cW(e)) —u(b) + AV —1))dG(e)
max{£5”, &7, e}

max{e?,e;? €}
+ f 0 (u(c,y (€)) + Toy (A — hy (€)) — u(d) + AV — U))dG(e)}

max{er”, e}

V-uP
(o) 1 _
=QQ-p- U = (u(c"(e)) — ud) + A(V — U))dG(e)
max{£7, £5%, e}
max{e"?, e’ P, ey} 1 . )
+ J 7 (5 () + Ty (b — iy (€) —u(®) + AV — U))dG(e)}
max{e"?, e P}
+p- U % (u(c” () —ud) + A(V — 1)) dG(e)
max{£27, £, €}

max{e%?, €7, e, } . _
+ J 7 (g () + Typpy (1 = Py (€) — u(d) + AV — U))dG(e)}

max{e;”, €77}

Note that E;"B,SE’B,(E;"B and eg’B denote the separation thresholds at bargaining
outcome.

To be consistent with the bargaining problem under lay-off taxes, we assume that
ei’Cp and Ei’Cp are exogenous to the bargaining problem.

Note that we can rewrite the problem so that we optimize over consumption equiv-
alents instead of salaries. cétw(e) denotes the consumption equivalent paid from
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the firm to the worker on STW. ci(e) is the consumption equivalent consumed by
the worker.

B (v —u)"
C”(E),cc(e)flcl’s‘iv)EE),cgtw(E), ( ) ( )

h*(e),h¢(e), hi, (€), hS., (e),

stw stw
u,B rc,B LuB _.c,B
&P, 897, €7 €5

1.Financial constraints of financially constrained firms

2(€) —c(e) > —A-JE@—10—-A)-J

Zaw(€) — ¢S, (€) = —A-JS () — A —A)-J

stw

Set up Kuhn-Tucker Conditions:

@) (7 -v)" - f M) [5(&) =€) + - T+ (1= 1) - J()]dG(e)
0

- f M (€) [ 2o (€) — ¢,y () + A - T + (1 — A) - I, ()] dG(e)
0

stw

With Kuhn-Tucker conditions for a maximum:

@A) <0

() (e)[z(e) = () +A-T+ (1 —A)-J(e)] = 0

(8) A5 () < 0

() M (€) [ Zey (€) — ¢, () + AT+ (L —A) -5, ()] = 0

stw stw

FOC for c“(€):

0B v-u\"
2o —(1=n)(1-p) -g(e)(T)

i\
+n-Q—p)-gle) (" (EN| 57— =0
n p)-8 T_U
Unconstrained firms want to insure workers against idiosyncratic productivity
shocks, outside STW:

1 — V —
— T’ﬂ . %f = 4 (") = () = W(EE) = ()
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FOC for ¢“_ (€):

Sstw

0B v—u\"
P o —(1 -0 —p)-gle) (T)

J

- 1-n
+m-(1—p)-gle) - u'(,(e) n- (m) =0

Unconstrained firms want to insure workers against idiosyncratic productivity
shocks, also on STW:

— ]'_Tn . %] — u/ (Cu(e))

= u (cé‘t"f,v(e)) =u (c’sltw(e’)) = u'(c")

FOC for c“(e):

2 —1—=p)-gle)-A—mn)-

0B v — U)”
J
3 7 O\
+ (1 —p)-gle)- U () N- (—) + M (€)
Z0

Insert the surplus splitting rule:

n / 1
— (1 —p)-gle)- (1— ‘u (CW))
-1

1-— 1
+ (1 —p)-gle) U (cE(e) - n- (—” =
n  u()

)-l—//l(e) =0

1-—
= (1—p)-gle) - n- (L(EE©)—u'C™) = —Ae) - (u’(cw) : %)

Note: If ¢“(¢) < u'(c"), then the RHS of the equation is positive.
Thus, firms and workers gain joint surplus until c°(e) = c".
If

2e) ="+ A-J+(Q—=1)-JC%) >0,

then the constraint is non-binding and .# (¢) = 0. v’
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If
2e) =" +A-J+ (1 —=21)-JC) < 0,

then the constraint is binding and #(e) < 0.V

Thus, it is optimal for the firm to pay as much as it can:

JE) = z(e)=c(e)+A-J+ (1 —=A) - JC) =

= ce) = z(e)+A-J

Using the same arguments, we get that under STW
csw(€) = ¢ if the financial constraint is non-binding,
and

Corw (€) = €gw(€) + Tgw - (M — hyy(€)) + A -J  when it is binding.

Using the surplus splitting rule, we can simplify the Nash-Bargaining problem to:

max A= @@ -mn -3
R (€),h¢ (€), Rl (€),hS, (€), EY,ES,EL ESS

That is, we just have to maximize the joint surplus:

S =—1
+(1—p)-f %(2(6)+w—cw+(1—n~f)'3)dG(e)
max{E”B g‘l:cp €, } u (C )
. (1 ~ ) ' max{guﬂ €P e} l(z(e) N u(CW) _ u(b) W
P max{el?,el P} A u'(e)

+ T — hg () + (1 —n - ) - S)dc;(e)

J u(cw3(—w z)z(b) ¢+ A —n-f)-5)dG(e)

+p- f z(e)+M—cc(e)ﬂl—n-ﬂ'g)d“e)
max{&¢,E07 srw} @)
max{e’,e;7 e rw} (cgtw(e)) —u(b)

+p- (@ + =
max{e,e; 7}

— @)+ (1—n -f)-S)dG(e)
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Note that without financial constraints, the firm smooths the consumption equiv-
alent consumed by the worker:

= (e) = % (e) + Tstw * (Fl - hstw(e))

stw Stw

& &= =Ty (h—hyy(€)

stw

STW makes it less expensive to smooth consumption equivalents consumed by the
worker.
The FOC for working hours in unconstrained firms outside STW is:

on . . ' dy(e,h"(e)) ., _
s = (=p) g (LD — praen ) = o
dy(e,h"(e)) ., ..
Tone ¢ (h"(e))

The FOC for working hours in constrained firms outside STW is:

oB  _ o (%R . RGOS
s = pegte (L - grteen) L~ 0
Jy(e,h°
VLD~ paren

dhe(e)

The FOC for working hours in unconstrained firms on STW is:

0B dy(e, hy,,(€)) . ~
ohL.,(e) = (1—p)-gle)- (W — ¢ (hg,,(€)) — Tstw) =0
dy(e,hg, (€)
arte = ¢ () T

The FOC for working hours in constrained firms on STW is:

oB - (Oy(e,h(e) ., o RAGIO)NS
ahee) P g(e)( e T T“W) weny 0
dy(e,h°(e)) ..
“ohe P (h°(€)) + Tgew

Suppose that

B B
max{&{", &P, eg} = &

Then the FOC for the separation threshold of the unconstrained firm without STW
support is:

0%
a gu,B

u(c®) —u() _
u’(c")

1 _
=~ -p) -g&" - 5 (2(52"3) + !+ A —nf) - s) =0
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— Z(gu,B) + u(c”) —u(b) —v 4+ (l—ﬂf) .5 =0
: u'(cv)
Insert free-entry Condition:
S(EWP) 45ty + WMD) B

u () 1—n q

Note that i;"B > £ must hold, as workers would never quit under the insur-
ance constraint of the firm:

VEe)—U = ul™)—u®+A—-HV-U) >0

It always gets positive surplus!
Suppose that

B B
max{&;", EP, ey} = &

Then the FOC for the separation threshold of the unconstrained firm without STW
support is:

u(cf(€9P)) — u(b)

u'(c")

0%
a (SC’B

c, 1 c,
= —(1—p) - g€ - [Z (22 +

— &P + (A —nf) - 5) +L} =0

u(c“ (%)) — u(b)

u’(c")

= 2EN+AF+ —CEBY+A—nH -5 =0

Insert free-entry condition:

u(c(E9%)) — u(b)

u'(c")

A—nf) k
1—-m ¢

2(E7%) + — () + — 0
The participation constraint of workers can be written with free-entry condition
as:

u(¢ (€™ —u®)

u'(cv)

A—=n) k

C,Cp +
2(E57) =0 g

=0

(E5P) +

Note that these are the same conditions. This implies that given the inability to
insure workers against idiosyncratic productivity shocks, separations for a con-
strained firm without access to STW are efficient.

Suppose that

u,B eu,cp

_ _uB
s 2%s Jestw} - 65

max{e
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Then the FOC for the separation threshold of the unconstrained firm with STW
support is:

OB _ ey [ L (couny , uE€) —u®
B = —(1—p)-gle,™) [A (z(es ) + o

+ Torw - (B — hg (€P)) + (A — nf) - s)] =0

u(c) —u() _

— z(e;"B) + e

CW + Tstw(}_l - hstw(elsl,B)) + (l - T’f) ¢ S =0

Insert free-entry Condition:

u(c™) — u(b) e A—nf
u'(c%) 1—n

k
z(e;”B) + 2 =0
q

Note that e;”B > €.°® must hold, as workers would never quit under the insur-

ance constraint of the firm:
Vi) —U = u(™)—u®+A—HWV-U) >0

It always gets positive surplus!
Suppose that

¢,B _c,cp _ _CB
max{e%?, e5P, €4} = €

Then the FOC for the separation threshold of the constrained firm with STW
support is:

(6, (€55)) — u(®)
u'(cv)

J0%B

c,B
Jde;

c 1 C,
= —(1—p) - g€ - [Z : (Z(GSB) +

— €Y + A —nf) - §) + L] =0

u(cg, (€M) —u®)
u'(c")

= z(e?) + €Y+ A—nH) -8 =0

Insert free-entry condition:

Azl ko,

1—-m ¢

u(cg, (€57 —u®)

¢,B
z(e;”) + ED)

C c,B
Cstw (65 ) +

The participation constraint of workers can be written with free-entry condition

as:

u(cgtw(EE,cp)) —u(b) — &, (€5P) + );—_Tlf

u’(cW) Stw =0

2(e5P) +

3
Q|
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Note that these are the same conditions. This implies that, given the inability
to insure workers against idiosyncratic productivity shocks, separations for a con-
strained firm with access to STW are efficient.

3.C.2 Job Creation and Wage Equation

This section derives the job creation and the equation for STW. It follows its
notation part 3.D of the appendix.

(I)Value of an unconstrained firm outside STW after the idiosyncratic productivity
shock has realized:

JUe) = z(e) =" + AT+ (1 — L) J¥(e)
S JYe) = %(z(e) -+ Aj)

(IDValue of an unconstrained firm on STW after the idiosyncratic productivity
shock has realized:

Jw(€) = zgw(€) + Tstw(}_l — hgw(€) —c" + AT+ (1 — ) JL (€)

Stw

1 _
e JL () = Z(zstw(e)—cW+/1J)

(Il Value of a constrained firm outside STW with non-binding constraints after
the idiosyncratic productivity shock has realized:

J() = z(e) =" + AT+ (1 — ) J(e)
S JY(e) = %(z(e) -+ Aj)

(IV)Value of a constrained firm outside STW with binding constraints after the
idiosyncratic productivity shock has realized:

J(e) = z(e) —c"(e) + AJ + (1 — D) J(e)

e Je) = %(z(e)—cw(e)+kj)

(V)Value of a constrained firm on STW after the idiosyncratic productivity shock
has realized:

I (€) = 24 () = (€) + AJ + (1 — AJE, (e)

stw

1
& J,e = z(zstw(e)—c;fw(e) + AJ)



280 | Carrots or Sticks? Short-Time Work or Lay-off Taxes?

(VD)Value of a firm before the idiosyncratic productivity shock has realized:

J=—-—1+0-p)- (f JU(e)dG(e) + f Sth;’tW(e) dG(e))

u
stw 65

0o max{€gy,€}
+p- (f J(e)dG(e) + J Jo (€) dG(e))

max{€gw,55} €

Inserting (I) - (IV) into (V) gives:

J = —71

+%[(1—p)-(z—m

—1-p)-A—pY- (cw - J Tsow (A — Ry (€)) dG(e))

u
S

max{€gey,€5} B
—p-1—-p9- (ec — f Tow(h — hstw(e))dG(e))

C
S

+(1—p)-7L-j:|

(VII)Value of an unconstrained worker outside STW after the idiosyncratic produc-
tivity shock has realized:
Vi) = u(®) + AV + (1 — D) Vi)

& Ve = %(u(cw)+7t\_/)

(VIII)Value of an unconstrained worker on STW after the idiosyncratic productivity
shock has realized:

V4 () = u( ™)+ AV+ (1 =DV (e)

stw stw

e VR (e) = %(u(cw)+7ﬂ7)

Stw

(IX)Value of a constrained worker outside STW with non-binding constraints after
the idiosyncratic productivity shock has realized:

Veie) = u() + AV + (1 —A)V(e)

S Ve(e) = %(u(cw+7ﬂ7)
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(X)Value of a constrained worker outside STW with binding constraints after the
idiosyncratic productivity shock has realized:

Veie) = u(c¥(e) + AV + (1 — A1) V(e)

&S Ve(e)

%(u(cw(e)) +AV)

(XDValue of a constrained worker on STW after the idiosyncratic productivity
shock has realized:

Ve (€) = ulCa(€)) + AV + (1 — AV, ()

stw

1 _
e V(O I(u(cstw(e))w\v)

(XII)Value of a worker before the idiosyncratic productivity shock has realized:

V=_@0-p- (J V¥ (e)dG(e)

stw

+ J Vi (€) dG(e))

+p- (f Ve(e) dG(e)

p

+ f ’ Ve(e) dG(e)

max{&;, €5}
max{es, €z}
+ f Ve (6) dG(e))
€

+p-U
Inserting (VII) - (XI) into (XII) gives:

- 1
V= Za-pa-pY u@)+p 1-p9-u

+(1—p)-7L~\_/+p-U:|

(XIII) Unemployment:

U=ub)+f-V+A-H- U

Next, we want to calculate the joint surplus of firms and workers.
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(A)The surplus of the worker after the idiosyncratic productivity shock has realized
is:

Vi(©) —U = ud(@) —ubd) + A=) - Vi@ + A=) - V—A—H-U
S ViE©-U = ud@—ub) +A-- - ViE-+QA-H- -0
& VIO -U=udE—ub)+A—F Vi -D+A-H - T-01)

. 1 _
e Ve -U= X(u(ci(e))—u(b)wL(?t—f)-(V—U))

fori € {stw,no stw} andj € {u,c}.

(B)The surplus of the worker before shock realizations are known:

e

V-U=@0-p- U Vi(e) — UdG(e) + J " Ve (e) — UdG(e))

stw

+p- (f V(e) —UdG(e) + f ’ Ve(e) — UdG(e)

» max{&;, €}

max{e, ey }
+J Vsctw(e) — UdG(e))
€

c
S

Inserting A into B gives:

1
V-U = X[(l—p)(l —p") - (™) —u®)
+p-Q—p9 - @ —ud)
+ = T-0)]

(C)Finally, we can calculate the joint surplus before shock realizations are known:

V—U

u’(c")
u(c) —u() o

1 u
- _T+z[(1—p)c1—p) ( D

1 Cow
- f (h—hstw(e))dG(e))

+

1-p u
u® —u(b)
4+p(l—p°) | ————= —¢°
p(1—p) ( ) e
1 max{€gy,€; } _
* 1— pe f TStw(h - hstw(e)) dG(G))
€

V-U
+A-pA+A=p)A—-f): }

u'(cv)
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Next, we start deriving the job-creation condition. Inserting the surplus splitting

rule
V—-U
=0-n)-S

J=mn-8,
K u'(cv)

into the equation for the joint surplus gives:

V—-U
S=J+ =nS+1Q—-—n)S
u'(cv)
]__
nb)

1
= —T—I—X[(l—p)(z—ﬂ— "
u(c) —u(b) —cW)

+A=-pA-p )( D)
+ —p)J *(h— hyo (€)) dG(e)

o U —ud)
+p(1—p )( D) —e
max{€g, €5} _

Torw(h — Ry (€)) dG(€)

o
€5

+(1—p)-7t-(1—77)'S+(1—p)(}\_f)7)'5:|

1—nb)
n

1[
= S=—T+—(1—p)(z—9—
A
u(c) —u(b) W)
—c

+A=-pA-p )( D)
+ —p)J (h — R (€)) dG(e)

u¢ —u(d)

1—p° —

+p(—p°) ( e e
max{€gy,€5} _

T (B — hyy (€)) dG(€)

o
€

+A=p)A—=n-1 -S]
Next, we want to replace the tax. To do this, we need to know the budget con-

straint of the government:
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€
stw
n

nt-r = - ((1 —p) J T (N — Ry (€)) dG(€)
1—-p cu

s

max{€sqy,€} B
+ pJ Torw (M — gy (€)) dG(e))
€

c
S

+(1—n)-b

Inserting the employment equation

S

n
n = (1—10)'%

gives:

: ((1 — p)J Tgew (R — hge (€)) dG(e)

u
s

max{€gy,€:} B

+ pJ Torw (h — gy (€)) dG(e))
€

A-p)

nS

>

+ b

Inserting the expression for the number of firms that receive a shock

gives:

1 o
T = X ‘ ((1 _p)f Tstw(h - hstw(e)) dG(E)

max{€gy,€c} B
J T (B — Ry (€)) dG(e))
€

C
S

1 1—n
+z.(1_p).( " .b)

+

<

Inserting the tax into the surplus equation gives:



Appendix 3.C Equilibrium STW | 285

1 1—n
S = X[(l—p)(z—ﬂ— - -b)

+ (1—p>(1_pu)(w_cw)

u'(c)

+ 1 —P)f (h — hye(€))dG(e)

u
S

-0 (D )

u'(cv)

max{€gy,€5} B
+ pf Toew(h — hgry (€)) dG(€)
€

C
S

+A=p)A - 'S]

Inserting the free-entry condition

=
<

gives:

k 1 1—n
- .Y = ]11- —N-— . b
1-7m ¢ l[( p)(z n )

+ 0 —-pA—pH (—u(cw) —u®) cW)

u'(c”)
C—u(b
+p(1— p°) (—u u,(clfv() ) _ ec)
A—mn- k
1—-mn ¢

This is the job-creation condition used in the Ramsey problem for STW in Ap-
pendix 3.D.

Next, we want to calculate the wage-equation. Remember the surplus splitting
rule from Nash-Bargaining:

V—U

u'(cv)

n-J=@0-mn):
Inserting the tax into the value of a worker for a firm gives:

- 1
7= 2[0-p)GE-2—pd-pIe — 1 -p)~pe

1-— -
—(—p)- b+ (1—p)AT]
n
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Likewise, we can calculate the surplus of a worker:

1
—U = Z[(l —p)1 —pY (ulc) —u®) +pQ — p9) (v — u®))

+Q=-p)A-f)- (V—U)]

Next, we can insert the value of a worker for a firm and the surplus of a worker
into the surplus splitting rule:

>3

[ A-pP)—2)—pA—p"-"=A—=p)A—p°)-e

1-— -
_(1_p).Tn.b+(1_p).)L.J
1—n 1

ey (AP =" @) —u))
+p(A —p9) - W —ul))
+A-p)A—f) - V- U)]]

Insert the surplus splitting rule again: 7 -J = (1—1n) - u‘f(_TU)

2 a-pGE-m—pa-p - —A-pa-p) ¢

_(1_p)'1;n'b+(1—p).)t.jj|
n
S Sl I N PO
A w(ew) (A=) =p" - @) —u®))

+p(1—p9) - @ —ud)
+A=p)A=h w7 -]]
-n

[A-p) -2 —pA—pY) - —A—p)A—p9) ¢

>3

1-— _
~A=p) ——b+A—p)-A-f-T]
n

1 e
A 'u’(cw)[(l_p)(l_l) )W () —ub))

+p( — P — u®)) |
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1— -
o n[a-pe-D-a-p)-—=-b+A-p)-f-I]

u(c) — u() +- CW)

u’(c")

=1-pA—-p9Q0—mn)- (

—u(b
+pa—p%a—ny(ﬁgé%3+n-é)

Inserting the free-entry condition again, we get the wage equation from Appendix
3.D for STW.

' u(c) —u()

u'(c”)

QA-pA—-pHa—n + 1"

1—
=n-[A-pe-D-Q-p)- —= b+ A-p)-0-k]

—pa=pa—m- (o )

u’(c")

Appendix 3.0 The full Ramsey Problems

3.D.1 Lay-off Tax

The Ramsey planner’s problem reads:

, max n“-u(™) +n°-u*+ 0 —n)-ub)
+vV u(m-z—n*-"—n"-e—1d)—0-(1—n)- k)HV)

subject to the following constraints:

(DNumber of unconstrained workers:

u p u S
nt = N ( pY) - n

(ID)Separation rate, unconstrained workers:
pY = G(e;‘)
(III)Number of constrained workers:

C

n :%.(1—pc).ns
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(IV)Separation rate, constrained workers:
p¢ = G(9)
(V)Aggregate separation rate:
p=00-p) -p“+p-p°
(VDNumber of firms that are hit by a shock:
n=0-q@)-QA—n+A-n

(VII)Total employment:

n=n"+n°

(VIII)Average utility of constrained worker:

eP

u¢ = ! ((1 — G(EP)) - ul™) + f

u(C(E))dG(e))
1—p¢

€

(IX)Average cost of a constrained worker for a firm:

o = 1 [(1 —G(eP) - +J cW(e)dG(E)]
1—pc ¢

€s

(X)Average production (without distortions):

z = ﬁ ((1 —p)J z(€) dG(e) +pf z(e)dG(E))

S ES

(XI)Job-creation condition:

1 k 1 1—n
— . X = (1= . — -b
1-m ¢ l[( 2 (z n )

+c1—p)(1_pu).(w_cw)

u'(c%)
¢ —u(b
+(1—p)(1—p°)-(“uTj))—e°)
1-n ¢

+A-p)-
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(XII)Wage:
WE =(1—-p)- 1 —p")- (n-cw+(1—n) . %)

- k
_T’.(l_p).(z_l n.b+9._v)
n q

u® — u(b) ol
—u’(cW) +n-e] =0

+p-(1—p9- [(1—n)-
(XIII)Separation condition unconstrained firm:

=0

Z(eg)-l—F—FM—CW—FM'%

u'(cv) 1—n

(XIV)Threshold at which the constraint is binding:
k

2+ A= ="
q

(XV)Separation condition constrained firm:

u(c"(€)) —u(b)
u'(c")

+(l—f)'ﬁ'

Q|
I
o

(XVI)Consumption of constrained worker:

() = z(e) + A- %

3.D.2 Short-time Work

The Ramsey planner’s problem reads:

max n“-u(™) +n-u*+ 1 —n)-ub)

b, Tstw»Estw

+v u(moz—nt - —nt =) —0-(1—n)-k)HV)

subject to the following constraints:

(DNumber of unconstrained workers:
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(ID)Separation rate (unconstrained workers):

p" = G(e)
(IIDNumber of constrained workers:

C

n = %-(1—p‘:)-n

S

(IV)Separation rate (constrained workers):
p° = G(max{ig, estw}) — G(max{estw, eg}) + G(EY)
(V)Aggregate separation rate:
p=00-p) -p“+p-p°
(VDNumber of firms that are hit by a shock:
n=6-q@)-01—n)+A-n

(VII)Total employment:

n=n"*"4+n°

(VIII)Average utility of a constrained worker:

— - ((1 —G(eM) - u(c") + J p u(c"(€)) dG(e)
1—-p max{€g,E5}

max{€gy,€5}
+ J u(cgw(e))dG(e))
€

c
s

(IX)Average cost of a constrained worker for a firm:

€p
e = ! - [(1 —G(EP) - + J ¥ (e)dG(e)
l=p max{eqy, &5}

max{€gy,€; } B
+ J (C‘s/l;w(e) - Tstw(h - hstw(e)))dG(G)]

C
s
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(X)Average production (without distortions):

z = L((l —p)J z(e)dG(e) + pJ z(€)dG(e)
3

1=p ; max{ES )
max{e, €}
+ f z(€) dG(e))
€

c
S

(XDAverage distortion of working hours:

C

€otw max{€gpy, €S
= ﬁ ((1 —p)f 2(e)dG(e) + pf n(e) dG(e))

€s

with 2(e) = z(e) — 24w (€)

(XII)Job-creation condition:

1k o1 o 1-n
m; = )\|:(1 pP)z—0N b)
+p(1—pY (—u(cw) —u®) _ cW)
u'(c)
+QQ-p)1—p9 (u_—u(b) — ec)
u'(c)
A—mn- k
n q

(XIIT)Wage:

WE = 0 pn - g IO

u'(c)
—n(l—p)(z—¥b+ 6 -kv)

o) — u(b) +n-eC:| =0

(XIV)Separation condition for unconstrained firm without STW:

u@ —u®) W, Amnf

uy 4 — 0
z(&;) e T
(XV)Separation condition for unconstrained firm with STW:
r u(c”) —u(b) A—n-f k
o () + Taon (= Ry (6) + == = TD S = 0
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(XVD)Threshold at which the constraint is binding:

k
z(ep)+7t-3v =

(XVII)Separation condition, constrained firm without STW:

W ey b
u'(cv) 1—-m ¢

(XVIII)Separation condition, constrained firm with STW:

LElOD gy 1k
1 q

u'(cv) -
(XIX)Consumption, constrained worker outside STW

() = z(e) + A- %

(XX)Consumption, constrained worker on STW

14

C?’M(G) = Zg,(€) + Tstw(}_l — Ry (€) + A - =
q

Appendix 3.E Ramsey FOCs with Lay-off Tax

In the following, multipliers from the Lagrangian, implied by the maximization
problem from the previous section, are denoted by A4, the index depending on
the constraint. Here, A, denotes the Lagrange multiplier for the total employ-
ment equation, A, for the number of unconstrained firms, A,c for the number of
constrained firms, A,s for the number of firms that received a shock, A4 for the
job-creation condition, A, for the wage equation, A.u for the separation condition
of unconstrained firms and A.c for the separation condition of constrained firms.
Every other equation listed in the Ramsey problem for the lay-off tax is assumed
to be plugged in.
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3.E.1 Employment (lay-off tax)

0L _ 1-p _u wy W u
e A+ —— - (1= p") (u@) —d' () - )
+§-(1—pc)-(u(cw)—u’(cw)-ec)
+1;p 1—pY - Anu+ (A= p9) Ay = 0
0¥
3nu :_Anu'i'kn —_
2’: :_Anc'i‘kn —_
0¥ L
I = A, +As-A—qB)-0)+u(”)-[z2+b+06-c]—u)
1-— b b
+ Ap'—z'ke‘Fn(l—P)'ﬁ'Ac:O
An Aps u(d)
A—qB) -6 +[z+b+ 06
wen = *TIO 0 ey T e
1-p b A A-b A, b A
—_ + . + « — .
* A nZz u'(cv) nz u'(cv) N nz u'(cv)

3.E.2 Optimal Job Creation Condition (lay-off tax)

Before we begin, let us define the insurance effect as:

YO _
[Ey = AU A- 7 D dG(e)) k,
IEQ = U(C ) ( W) IE@

The FOC for labor market tightness denotes:



294 | Carrots or Sticks? Short-Time Work or Lay-off Taxes?

38;: = —k,(1 —m)u'(c") +IEy - k, + (1 — 7)q(0)(1 — n) A
Y Ay —fn (1 —p )
— ' kA Ag — Aeu
T e e v G I
(5 Yretery + 2 =1 )
(A fu (c(e)) + 1— n)fn e
OWE
~h e
Ans 1+ y Kk
() 1-7m gq
with
— 1 1 . L . — — 1 — p -_ u
T e I
(7& Y -u (cw(eu)) + ?Y—_'rlj;'f . n) Aeg

= %p A= p") - (1) — ulb) — () - ¢*)
+ ;—) . (1—pc)-(uc—u(b)—u’(cw)-ec)
e 10 (oap s A0 Y

1—v q
1— Ag b 1-— b
P 20 2y p-;-/lc

1+y k, P —-p Ao b 1—p A A b
L A, . + . — . R
1—yv ¢q A (z+b) A ns u’(cW) n A ns-u'(c%) n
1—p u(cw)—u(b) )
Z_F . (1=p"
+ n 1—-p")- ( )

P, i:ﬂﬁ_c)
+)L 1-p09 ( ) e

Ll-p A-yf+x-G=P Kk
A 1—-y q

Subtracting the decentralized job-creation condition from the optimal gives:



Appendix 3.E Ramsey FOCs with Lay-off Tax | 295

— 1k Apgtn+A-A 1-
@_11)__m1:@+9 U ﬁ. p.b
q

1—n) 1—v ns - u'(cv) A n
1—p) - (A— — k
L =P f)_(x_u)__v
A 1—7 q
Rearranging gives:
1-p
n—y 1 kv A6‘*‘77'2"21 A b
210 ) 1=y g T\ T ey ) Fn
g ro4 p+A—=p)-3
_(1 Ag-i-n-}k-}kc) b
N ns - u'(c%) f
3.E.3 Optimal separation condition (unconstrained firms)
FOC for the separation threshold of unconstrained firms:
Y  n u rewy u u(c) ow
_ae;‘ =15 (1—p)-gle) -u(c) (z(es)+ D) c z)
F 2y 1-p ,g(eu),[z(euH u@) —u® _, 1-n , A—nf k_]
A s $ u'(cv) n 1—-m ¢
OWE 1-p s 88“(6“)
+ A Ger +— -gle) 1’ A + A - o
Insert for A,. and subtract decentralized separation condition of unconstrained
firms:
ue) An
e 278 st + S —er s s
Ag 1-p [ 1—n ]
- .. WL | AF + -b
u (cv) A g(€s) n

A, OWE N Acu 35“(6”)
u'(cv) Oel u’(cW) Jel

Insert for A, :

uy . 1-p LS u u(c) _w
g(ey) x n [z(es) + @) c z]
“ 1—p s B . Aps . u(d)
reet) L[ A=) 6) S b0 -
Jlop b A b A ]
A nz u'(cv) 1 n2 u'(c")
Ag  1— u 1—n
D —A g(e, )[AF + - b]

A aWE+ Aev 08y, ()
u'(cv) Oel u’(cW) deu N
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u(c) —u()
u'(cv)

—L(AF+ 1—n_b_9)
ns - u'(c%) n n

N A 9+ A 1 OWE
ns - u'(c%) N n 1—p gley) Je

n A’esu A 1 aSu (Eu)
ns-u'(cv) 1—p g(eg) deu

A
= z(e)+ —cW+b+(A—q(9)-9)-u N

"(cv)

Inserting A’ gives the Optimal Separation Condition:

e 4 M —u® o Ay G- K
: (") 1—y q

A A
_—?.(A.F_b)_F—C. n.é+ A . 1 3WE =0
ns - u'(c%) ns - u'(c%) n 1-—p g(e¥) Je

Subtracting the decentralized separation condition and rearranging gives:

A-F=b+{l—6ﬂmy(x—ﬂ:l)-&

1-vJ ¢
Aeu A 1 95, (e)
+ . .
ns-u'(”) 1—p g(e;‘) Jdev
Ag
———— (AF—b
ns - u/(CW) ( )

N A E+ A 1 OWE
ns - u'(c%) N n 1-—p g(e¥) Je

1—p b
= oz( ) b+ (A—f)- A = —A-F
WW)” ( ! p+a—p)-§ n )
A b A 1 JOWE

+ RN /r’ — . .

ns - u'(c%) n 1 —p gle¥) Jet

A 1 Aeu 28, ()
1-p .g(eg) nseu(ev) del
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_ e ). b
= 0 = (1 + WY ns) (b +A—-1 7 AF)
A 1 Aeu 9S85, (€

stw

1—p . g(ey) s - u'(cv) Oel

A b A 1 OWE
_|_ _ . rr) — _|_ . .
ns - u'(c%) n 1—p ge¥) Je

— 0= (1+L)~(&~b—m)
u/(cw).ns f

1—p .g(e}g‘) . ns - u'(c%) . del

A b A 1 OWE
_|_ _ . rr) — _|_ . .
ns - u'(c%) n 1—p ge¥) Je

Rearranging gives the Lagrange multiplier for unconstrained firms:

A

a - ' N1+ —— ) | 7 D—AF
ns - u/(cw) A« asé;wl(leél) + ns - u/(cw) f

N A E+ 1 A 1 OWE )
ns - u'(c%) N n gy 1—p glev) Jdev

3.E.4 Optimal separation condition (constrained firms)

The FOC for the separation threshold in the constrained firm is:

0% n c w c u(CW(GZ)) B u(CW) W .C
_aeg — E -p- g(es) ~u'(c )(Z(ES) + WD) —C (ES) —Z)

P e CE@—u®) L 1-n  a—uf K

+ Ay 3 g(ed) |:z(es) + D) c"(e)) " b+ 1=n q

+ % - g(€) - n' - Ape
OWE

+ A dec
35 _

< des

Note that we can reformulate the decentralized separation threshold of a worker
in a constrained firm as:
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W(e)) — u(b
u(c(e)) u()+(x_f). n -&zo
u'(cv) 1-1n ¢q
W(e)) — u(b
M+(A—f)~i-& — CW(EC)—Z(GC)—A-&
u'(c) 1—-m ¢q s s
W(e)) — u(b _
— e+ u(c(eg)) —u(d) e 4 A=nf k _ 0
$ u’(cv) s 1—-n ¢
This simplifies the equation to:
A n u(c”(e9)
_Beg = E -p-gle) - (Z(GE) + W —c"(e)) —Z)
p Ane
+ X : g(EE) -n® - T
Ao P 1—n
_W.X.g(eg). b
A, OWE N Aec  0S°(e) o
u'(ev)  det  uw(c) Je¢ B
Inserting A7 gives the Optimal Separation Condition
0% ooulete) A—y-f+x-A=f Kk,
- = +— +b+ -
o€ T R 1—y q
Ag
+ ns - u’(cW) '
N A b N 1 A OWE
ns - u'(c%) N n g p OJe
1 Aee ESft(eg)
+ = . . =
p nt-g(e) u'(c") Jes
Subtracting the decentralized separation condition gives:
- 1 k
0 = b+(l_9q(9)).(x_u)._._"
I=n/ 1—-y ¢
P B SCLNCORS
ns-u'(cv) p A de¢ g(e9)
A-0 b Ae b N 1 A OWE
ns - u'(c%) ns - u'(c%) n g p OJ¢€

Rearranging gives back the Lagrange multiplier:
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nS : u/(cw) A, a‘Sstw(es) nS . u/(cw) f

C
des

FR S (O S S
ns - u'(cv) - ge) p O¢

3.E.5 The Optimal Lay-Off Tax

We start from

0%

oF = e =0

s

Note that the optimal lay-off tax sets the Lagrange multiplier for the separation
condition equal to zero. This implies that the lay-off tax implements the optimal
separation threshold for unconstrained firms. Then

A u el
te 0 8 ((1e Do) (o)
ns - u'(c%) A 9Sp(e) ns - u/(c") f

u
€l

N A E+ A A OWE
ns - u'(c%) K n gy 1—p OJe

This leads to:

P

1 Ao b, 1 A OWE
» TR T ge 1—p e

3.E.6 Optimal Ul given Lay-off Tax

From the FOC of UI, we can derive the optimality condition for unemployment

insurance. With an optimal lay-off tax, the Lagrange multiplier for the separation
condition of the unconstrained firm is equal to zero.

1— ‘b
A= (W® ') =2 -A-p)- ( n " 5((cw)))
u'(b)
s+ 20)- ()

1-— '(b
+7tc-(1—p)-(n-Tn+(1—n)-:f((cw)))
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To get better insight, we need to determine the Lagrange multipliers for A4, A.. We
already know the Lagrange multipliers for the separation conditions of constrained
firms:

Ae“ 1—p " 1 2,9 A
— S — . - . 1+ ———1-|=-b—A-F
m e - a8 ma ( ns-uf(cW)) (f )

del
N A 9+ 1 A OWE
ns - u'(c%) N n gy 1-p aeg
Ae

P o 1 _ Ao YA
mowen - a8 T [(1+ns.u,(cw)) Fb
aC

et [y b, 1 A owE
ns - u'(c%) K n g p OJe

First, let us find an expression for A.:

0L (1 u(c) — u() . u" (™
FE ((1 p-d=p) w () w(cv)
. u¢ —u(d) _ u”(c™) _
+p-(1—p9 D) 7 (") ) Ag

u(c@) —u®) u”(cw))

u'(c") u'(c)

—(1—n)-((1—p)-(1—p“)-(1—(1—n)-
u¢ —u(b) _ u”(cw)) Y

—p-(1=p9-A=mn-

u(c) — u(b) _ u”(c™)

u'(c™) u'(c)

u (cv) ' (c") et
ulesw () —ud) u"(c") 1. =0
u' (c) wiew) %

Next we can solve for the Lagrange multiplier of the wage equation:

1 de 1—p , A
Ae = _W[Q'T'g(eg)-ns-u(&”)-(?-b—k-F)
¥

C

65 p C S ! W A’
s . 2. - .Zp
gov 2 8 (e

Kl Stotal
" (_ dcv A
Insert A, into the Lagrange multipliers for the separation conditions. To do that,
let us rewrite the Lagrange multipliers of the separation conditions:
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_ 1 w u Ag A
M T TEE ( v S e (14 i ) (F oo
del
( n aww) GWE))
+ A, - +
del Jel
1 Ag A
leg = R (n u' () - g(ec) (1+—s T w)) ? b
€

(8n _OWE aWE))
+ A +
8e§ 8n aeg

Inserting A, gives:

_ 1 / 1-p Ao p)
Aoy = ‘m'(”5'“(CW)'T'g(6?)'(1+W AV

del
on o\ total v total
+ . +
(86? ( 3n) (36?) )
deg 1—p u s oW A
. s, L. - A=.p—=A-F
[3CW p 8 m (e (f )

Vol p A 8St0tal
+ S .. SnS ™M)= -b+|— A
gov g 8lE) (@) ( ERD 0

_ Y (s e P ey (1a e YA
A = T (n w8 (1t e ) F 0
€S

s on ( acv )total N acv total
de¢ on de¢

36? 1_p u s rew A
.[ﬁ.—.g(es).n .u(c ).(?.b_k.F)

A
o€ p A aStotal
+ S .. Yt (™) Z . p+ | — A
gov 2 8l ( 3CW) 9D

Insert A. into the Lagrange multipliers for the separation conditions. To do that,
let us rewrite the Lagrange multipliers of the separation conditions:
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— 1 S e W 1_p u )v@
)Leéi = —m(—n -u'(c )Tg(es) 1+m
Jell
A on OWE JWE
|l=-b—A-F|+A.- | = +
(f ) ‘ (865( an) 86?))
R (P A o _re N 2
b = @ (n W g M ey ) 70
€S
L on (_8WE)+8WE
© \de on dec
Inserting A, gives:
_ 1 ’ P Ao A
e __—%*‘(”””“V”)'i'g(f?)'(“m VAL
€s

. on ( ocv )total . acv total
deu on deu

36? 1_p / A
. R w.ns. M. Z.p—A-F
[8cw p 8l () (f b2 )

Jdes p

S

A aStotal
e @) nt ™S p+ | — <A
T gle)) -’ - u(c”) 7 ( E/’CW) eD

IR T AU e S R U
Aeg = 355 (€9 (n w(e) A 8(e) 1—i_ns~u’(cw) f b

C
des

N on ( acv )total . acv total
de¢ an de¢
deg 1_p s e w A
. s, L. uy . ns. A =.p=A-F
[acw p 8 () (f )
o p.

, astotal
C N w
+8CW 1 gle) -m-u(c )-J?-b+(— G )-Ae])

N

Now we have everything to calculate A4 from the two equations:
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_n-r Lk__( M)é
M (X 1—n) 1—v ¢q =t ns - u'(c%) f
1 1 1
@ x = =0 u-f @ ‘[Y—(AY —fn- (1(1 —P)Ag —?\eg)]

11 Y o (1 M—f) )
—. A= Wy | —— . . A
uu/(cW)( gt I Ty ) ) e
11, awE
u u(w) ¢ 96 k,
1 1
——.—— -IE,
u u'(c")
We can rearrange (1) to:
n—y kv A@*—n'l'lc b
.kv=(1_ ) - .(—._+(1+—)._)
* i \a-pa-n g wow@e) )
Note that

This follows from the fact that:

(0 =q)+6-4(6) = q) - (1+

So we can write:

of

I-1-q9=_7

a0

q®) -0
q(6)

) =q0)-0-7

af) ( n—y k, ( 19+n-A-AC) b)
k= -/l 241+ C]. =
Lot (89 A-AQ—-m g¢q ns - u'(cv) f
Inserting y gives:
1 1 k,
[Y—(M—fn)-i-(l—:o)]-?-7%9
— e (LY., (= Kk ( M)é)
= () (89) ! ((1—)/)(1—7)) qJr o ns - u'(cv) f
1 k
+(Ay — )-—-—V-(—Aeu)
Y —fn T ‘
e ;M) ) e
+(A f u(C)+(1_n f n kv (Aeg)
+%-(—AC) + IEy

a0



304 | Carrots or Sticks? Short-Time Work or Lay-off Taxes?

Inserting Acu, Acc,IEq gives

1 1 k,
[Y—(M—fn)-i-(l—p)]-T-F-le
_ ey 9 (= Kk ( A )9)
= u() 20 u ((1_7/)(1—7)) q+ 1+n5u’(cW) 7
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+
:\
~
o
<
N/
=
[

/\\\//T\/“\

QD
v D
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_36? total B _36? . (E)total _86?
206 - 206 26 ocw
L[ on (_@)wtalJF o\ [oet
20 36? on 36? dcv

on adcv OJe!
O 55 G G
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L (% on (_@)totalJr o\ oet
a6 Jes on Jes dcv
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O o Tn e

ocv total,2 acv total del on acv total acv total
- - | 2= + | ——=1. S === +
( 39) ( 39) ( 39) (36? ( 3n) (36?) )
Je; on ocvtorl L
+(_ae)'(aeg'(_ﬁ) +(36§) )
on oct
of In

+f'(6) -

This allows us to calculate the Lagrange multiplier for the job-creation condition
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a9 (n—r k ( A )é)
M-Ay = u'(c") 0 u ((1—7’)(1—”7) q+ 1+n5u’(cw) 7

aeu total A
+u(c)-n-(—80) - g(eg) - (fb—AF)

R total
+u/(CW),n5.(_aes) g(eg)%%b

+u' (") - n® - IE,
with

1 1 k,
M :[Y—(M’_f'ﬂ)'X'(l—P)]'T'T

1
f b
(e
36? total 1_p 2
*(ae) wen - 5E (Fo-2er)
R total
( ) LI
total LIS total
( e

Note: zlw denotes the general equilibrium effect of an increase of the joint surplus

(%) =
as M

b

on 0:

Rearranging for Ay gives:

C w Y kA )
Ao = (@) (a) ((1—Y)(1—n) P
(™) - ( SS) Zzu (;b—}LF)

ont A
. - Zp
) 865 f

+d' () - nt (88) - 1E,

+u' (") - (

Note that
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ael; ge 1 aeg total
as) — M \as
aeg ge 1 aeg total
as) — M \as

e L [T @) —ue)
IEy = 1—pc J;C A 7 ) dG(e)

Further define:

Finally, we can calculate the Lagrange multiplier for A, by inserting into A4:

~1
AC = g5 \total {
(%)
def (as\© (2e/\*) 1-p oy [P
= - . . co(eY) - nd - A Zb—-2AF
(3cW+(8cW) (as x o sle) e ue) (f )
de; (3S\ (€N p o A
= . S .n - wy . Zp
+(8CW+(8CW) (as a8l mue)
total ge —
+(§) .(_ﬁ) .u.(L.’&%H Ao )lz)
dcv s QA-mNad-n ¢ nu'(c) ) f

ey (ﬁ)g . (@) T
dcw 3s of

Simplifying:
(v de' )\ u e \%° c
SN (1) N
(% c et \f c e f

of & — k, b 26 \&
+(__f) .u.(L._"_}__)_FnC.(__) - IE,
acv Q1-ya-mn q f ocv
Following the same arguments, we can express the Lagrange multiplier for the
separation conditions as:

A = u' () on\* (&b—AF) N des\® on° &b
el = (w)total deu f del de¢ f
Jdel

oc" (_OFN*  (_n—v 'k é)
" G ( acw) ! ((1—Y)(1—n) "

R
Beg acv 0
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e = wlen o€ (ont\F (&b—)\F)

€ (asct (EC) )total aec aels.l f
o€

onc\* A, o of n—y k, b

+ h 4+ — . . —._V+_)

(365) f de¢ ( acw) u ((1—Y)(1—n) q f

. oY 26 \%&
T Ge o) TP

For convenience, the optimal UI benefits are replicated here:

— / /
A-n)-W®) - ) = Ag.(l_p),(l n_ u(b)).(_u(b))

n u' () u’(cv)
+ A + A - (— u(b) )
s s u/(cw)
1— (b
A1 —p)- (n-TnHl—n) : 5((@3))

Inserting the Lagrange multiplier gives:

1 -n)-W® —u'(™)

ey N (_m=r k_b
= v [aeu ( 8cw) “ ((1—Y)(1—n) qﬂfﬂ
+u' (") - ( ) ZZ:(%b—AF)]
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(-2 i
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With:

de"\¥ onv de"\¥ anv

(8b) " Pen (8b) e
direct effects

N |:§ _ (aeg)ge N des ‘(aeg)ge N v (aeé‘)ge] ont

ab \as b\ de ob \acv) | e

indirect effect
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862 g¢ on‘ . 362 g¢ on‘
b dec  \ db dec
~—_——
direct effects
39S [9e\¥ del [deN* g [(9e\¥] onf
+ _— +_. +_. .
ab aSs db del db dcw Jes

indirect effect

(&) =5 (%))

ob) — \ab os) )
directveffect
de; 9cv de; v " af \&
ab 86? ab 8e§ ab acv

v
indirect effect

(%) -5 (%)
b ~ ob \3s
N—_— —

direct effect
ge; ocv 06 ¢ o .(ﬁ)ge
ob dev ' b de ' b | \acv

indirect effect

3.E.7 Optimal Ul under Optimal Lay-off Tax

From the FOC of UI, we can derive the optimality condition for unemployment
insurance. In contrast to the section where we take lay-off taxes as given, the
government implements the optimal lay-off tax. This implies that the Lagrange
multiplier of the separation condition in unconstrained firms is equal to zero. This
is also fundamental for the optimality condition for the UI benefits:

— / /

n u'(cv) o (™)
u'(b) )

u'(c")

1—
taca=p)(n v a—m

The Lagrange multiplier for the separation condition of unconstrained firms is
equal to
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A’€§ p ¢ ]. A@
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N A b N 1 A OWE
ns - u'(c%) N n g) p OJe

First, let us find an expression for A.:

b

|
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Insert Lagrange multipliers for separation condition:
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Rearranging gives:
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dcv
aWEtotal
dcv
3 EC p
4 LA S
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with
aStotal _ (1— u)u(cw) —u(b) u//(CW)
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Next we can solve for the Lagrange multiplier of the wage equation:

A
B N (T AR T4 (o0 I X
FPR R A CRRRRLE G 7

aStotal
+| = “A
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Now we have everything to calculate A4 from the two equations:
— k Ag+mn-A-A
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u u() ( f v+ 1-n f 1)t
i1 , GWE 1
u u'(w) ¢ 80 k,
1 1

— = —— -IE,
u u(w)

We can rearrange (1) to:
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)
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Note that

of
1—9v)-g = —~
1-7)-q 30
This follows from the fact that:
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So we can write:
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Inserting y gives:
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Inserting A.c,lEg gives
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_ e 9 (n—r k ( Ag )9)
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with

de total des 9w \total de
~ a0 =\ 720 +(%) "\ Taow
(2 (en ( e )t0ta1+ o™\ 2<

20 86C on 8e§ dcv
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8f on
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This allows us to calculate the Lagrange multiplier for the job-creation condition

Aoy 9 (o m—r Kk ( Ao )é)
M-y = u'(c") 20 u ((1_7’)(1_77) q+ 1+n5u’(cw) 7

+u'() - n’ - (— 32‘5 )1 - g(€d) - % : %b
+u/(c") - n* - IEq
with
(G
() 0 2

ocv total s total
*(%) (_a_)

+ IE,

Note: Ilw denotes the general equilibrium effect of an increase of the joint surplus

(%) =%
as M

on O:
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Rearranging for Ay gives:

_ oy (N (n=r Kk &.)
Ao = uw(e) (as) : ((1—Y)(1—'r)) P

€\ ant A
+u (™| —— . i
we) ( as) dec  f
206\
+ ! W . nC . - IE
u(™)-n (BS) 9
Note that
(5) =3 %
3s) M 8S
aec ge 1 aec total
S —_ . S
(as) M (as)
Further define:
L1 ¢ AT W () —u@)
o= )L F u'(c") ©

Finally, we can calculate the Lagrange multiplier for A, by inserting into A4:

_1 a ec as total 8 ec ge p A
A= = | =l s Py w ey - Zb
- () () v
dcw
total ge _
+(§) .(_ﬁ) .u.(L.&%HL).E)
acv aS 1-ya-mn) ¢ nsu'(cv) /) f

e (ﬁ)ge : (_ﬁ) B
dcv dcv 0

Simplifying:
(" de'\¥ u e \& ¢
A= — ”(C)IK ) .on -(&b—AF)+( ) oAy
(%)tom acv dev \f acv de¢ f
CW

O (=K é) c.(_ﬂ)gem
+( acw) u ((1—}/)(1—?7) ¢ T7)T e ) e
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Following the same arguments, we can express the Lagrange multiplier for the

separation condition as:

B o we [9¢ (on ge-(&b—AF)+ on\* A,
& (asgtw(eg) )“’tal de¢ \ dev f des f
€

w ge _ w ge
EL.(_E) .u.(L&ﬂ)ﬂc .(_ﬁ) 1,
de¢ acv Q-ya-m q f de¢ dcv

For convenience, the optimal UI benefits are replicated here:

’ o lew _ . _ . 1—n ul(b) = U/(b)
a1—n)- (u b)) —u'(c )) = A - (1—p) ( n + u/(cw)) ( u/(cw))
u'(b)
A (_u’(cw))
u'(b) )

1—
+7tc-(1—p)-(n'Tn+(1—n)~u,(cw)

Inserting the Lagrange multiplier gives
af \¥ n—y k, b
1—n)- (B —u " =u’cW)-[(——) -u-(—~—v+—)
(= m - (®) =) ( b A-yad-m q f
0e\* on° A
+ "o b
ab de¢ f

L[ A0\
+n - —% IE9

with

e\ onc e\ onc [as (0e€\* acv (e ont
o) e \ab) de |av \as) T \aev) | e

direct:ffects indiregt, effect
& -GG 25
ab) — \ab \ 3s ob de 9b | \dcv
direc?reffect indireztreffect

(G0)" = 25 (20)"s g¢; ocr | oc” (22)"
db) ~ 9b \ds b dec 9b | \dcv
N—_————

j v
direct effect indirect effect
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Inserting the Lagrange multiplier gives

(W@ —u'(™) of \&
(1—n)- —(—%) ‘u-L,

u'(cv)
de\¥ on ey (LOOV 4
"\ 'aeg's+”'(_%) e

Note that when we set the lay-off tax optimally, then UI will not impose any
distortions on the separation condition of unconstrained firms. In the context of
Proposition 1, this means that MLS" = 0, bolstering the fact that optimal lay-off
taxes can implement the optimal number of separations.

Appendix 3.F Ramsey FOCs with STW

In the following, multipliers from the Lagrangian, implied by the maximization
problem from the previous section, are denoted by A,;,, the index depending on
the constraint. Here, A,, denotes the Lagrange multiplier for the total employ-
ment equation, A, for the number of unconstrained firms, A, for the number
of constrained firms, A,s for the number of firms that received a shock, A4 for
the job-creation condition, A, for the wage equation, A.u for the separation condi-
tion of unconstrained firms with STW support, A¢< for the separation condition of
constrained firms without STW support, and A for the separation condition of
constrained firms with STW support. Every other equation listed in the Ramsey
problem for STW is assumed to be plugged in.
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3.F1 Employment

0¥ 1-—
T s + Tp(l —p" - (u(cw) —u' (™) -CW)
+ %(1 —p9) - (u* = ' - €)
1-p p
+—7L .(1—pc)-7tnu+1(1—pc)-/lnc =0
g;l?; == _A,nu‘l'ln == 0
0¥
anC = _Anc +An =0
0¥
e —Ap + Aps - (A—q(0) - 6)
+u'(™) - [—2)+b+0-k,]—ub)
1—-p) b b
g et nd—p) oA
An _ u(b)
e A—q®)-O)+[z—2+b+06 k] e
1—p b 7(,9 b )Lc
+ o —_— + . 1 J— PR
7w wen T TP e en

3.F.2 Job Creation

Before we start, let us define the Insurance effect:

A )
IE, = n'-u'(c"” ~(1+—9)-IE
6 w(c) ns - u'(cv) 6

IEQZI'_)(JP %-y-u(c(e))_U(C)dG(e)

max{ES e o) u'(c)

max{€gy,€; } ! !¢ W
T A U (o (€)) —u'(c)
Z . dG -k
+£c f r u'(cv) (6)) Y

The FOC for the labor market tightness can be written as:
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% = —k,(1—n) U™ +IEg+Q—7)-q0) -1 —n)- Ay
1 Ag 1 Ay—fn (1 )
-y -k, +—+ = AQ=p) Ag—Au
= FTIo 7 (1—=p)-Ag :
(2.1 .4 : Ay — f) )
(l 7 stw(e))+(1_n
(2T ey + 1 s
(- Lo+ (5 )
OWE
— A —— 0
— Aps _ 1+x.&
u/(cv) 1—v ¢
with y = L !

(1 —n)-u'(c™) f
1 1
—-(y-kg—(k-y—f-n)-(—-(1—p)-?\e—7tes))
1—n A
Ui

1 Y orw e L Ar=f\ Y.
+(1—m-w@m(kj?“%ﬁﬂn+(1—n f ) )Aﬁ

1 Y orcwere 1 M—f) '
+—(1_n)_u,(cw)(/1 —u'(c (5))+(1 n |- Ag

f - f
A, OWE
+ (1—n)- -u(v) 26 [ky
! IEq /K,

T A-nm ()

Collecting terms from FOCs for employment and job-creation conditions gives:

u' (") -

VxR 12D gy (e — uh) — o () -
=y e = 7 ¢! p)(u(c) u(b) u(C)C)

+ % -(1—=p9- (u —u(b) —u'(c™) -ec)

1-— A — A
P(Iop b ) (e )
A n

A ns

SRt ( —Q+b+ l—yf1+_xy(1—f) %)

Optimal Job Creation Condition:
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—- = — —N2+b
I-r ¢ r ¢ .
]__
Llzp b Ao
A n ns-u(cv)

1=p b A2
A n ns-u'(cv)
1-p 1y, w_w)
+ n o p)( D) C
P oo, (W—u® )
ta e ( weny
l—p A—=v+xQA-/) k
+ . PR
A 1—v q

Subtracting the decentralized job-creation condition from the optimal gives:

(X_u).L,’g _ (1+7\9+77-}\,-)\,C)'1—p.9

1—-n) 1—v ¢q ns - u'(cv) A n
+M.( _M)Lk_
A 1—-7n) 1—v ¢q
Rearranging gives:
1-p
n—y 1k Ao +m-A-A e b
21y ) 1= TN vy ) Fn
n Y q ns - u'(c p+Q—p)-& 1
:(HM).E
ns.u/(cw) f

3.F.3 Lagrange Multipliers for Separation Condition

Optimal separation condition unconstrained firms

0¥
Jeu
n ulc”
= —‘(1—P)‘g(6§‘)-u'(cW)~(z(e;‘)—Q(e§‘)+ ,( )—cW—(z+.Q))
I-p u'(cw)
1-— wy _
+7t9'—p-g(eu)-[z(e”)—[z(eu)+u(c) u(b)—cw
A s s s u' (W)
_1—n_b+7t—nf_&}
n 1-m ¢
OWE 1—p ~ s IS (€
+)Lc.a_eg+T.g(es).n 'An”JrAes“'sat—e;,s =0
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Insert for Au.:

1—
— g(eg) . ) p -
u u u(CW) - u(b) Anu
[sten—aen + HEE e -6+ 5]
A 1— = u 1—n
o u/(Cew) ’ Tp -gle)) - |:Tstw - (h = hgy(€)) + ra b]
Ae  OWE  Ae 9SG, () | 0
u'(ew) dev  u/(cV) dev

u(@) —ub) |, A
= s - aE)+ — o +b+(A—q6)-6)- S0
Ao _ 1—n b
T ul(ev) (Tstw(h — gy (€9)) + — b- H)
+ A ——— b, 2 1 OWE
(¢ ns - U.,(CW) n n 1 —p g(eg) aes
A — . A1 OSe(e)
Conew(e) 1-p glel) et

Insert for A, :

u(c) —u®)
u'(c)

= z(e)) — () + &’ +b

A
+(l_q(0).9)'u’(cw) +0-c

A - 1—n b
: (Tstw(h - hstw(eg)) + n -b— —)

o ns - u’(cW) n

LK b, A1 OWE
e\ n 1 —p gley) Qe

pPa 1A 1 asE
ns-u'(c) nt 1—p g(ey) del

Insert A
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= z(el) — (e + %;W;l(b) —c"+b
LA x@A=H) K
I—y q
Pt (Tstw(h — Mg (€9)) — b)
ns - u'(ew) ~ Y StWTs
PO (n-9+ A1 'EWE)
ns - u'(c%) n 1—p ge¥) Je
A A 1 9Sg,(e)

+ . . .
ns-u'(c”) 1—p gley) deu

Subtract decentralized separation condition:

h - 1 k
Totw(h — g (€5)) = b+ (}, — 9q(9)) . (}( — u) . E"

1—n . 1—vy
n Ae? ) A ) 1 ) aS;{tW(GISJ)
ns-u'(cv) 1—p g(ey) deu
Ag - 0

- m ’ (Tstw(h - hstw(es ) — b)

N A b N A 1 OWE
ns - u'(c%) n 1—p gle¥) Je

Hence

o—(1+—¥ﬁ—0
N u'(c%) - ns

, . a-pM b )
(b PO oA T (€D
A1 kg Skl

1—p ' g(ey) s u'(cv) deu

A E+ A 1 OWE
ns - u'(c%) N n 1-—p g(e¥) Jev

_ G N N (O N P
= 0= (1 + WIEDE ns) (f b— 14w hstw(es)))
A 1 A’eg‘ JS; (6?)

Stw

+ . .
1—p gle¥) ns-u'(c") det

A §+ A 1 OWE
ns - u'(c%) N n 1—p gey) OJe

And finally:
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e O-pgle) 1 _((1+ Ao )
ns-u/(cw) A 85;‘éw£es“) ns - u'(cW)
65
A _
. (f P hstw(e?)))

LA b A 1 OWE
ns - u'(c%) N n 1—p ge¥) Je

Optimal separation condition constrained firms

oL
—[ i -p - ged) - u' (") (2(ed) — (e

des 1—p
u(c%c(we)g)) — Cqw(€)) — (2 + Q))

+Ag - % - g(e9) [z(eg) — () + u(CStWSE(BV)_ u® S G9)

LR 11—_:3‘%]

— A aBVZCE + % -ge) - n’ - lnc] Lo =€) + AL —852;265) =0

Subtract decentralized separation condition (constrained firms):

0% n u(corw (€5)) —ul(c™)
_aeg = [1 — -p - gley) (zstw(eg) — (e + @) —(z+ N
I_) . (o W Anc
+t38 () -m wIen)
Ao D = 1—n
A OWE Mo OSh(€d _

] cL(egy = €)) + e e

Insert A, and A,
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ulesw(e))
u'(c%)

oL _ [l_) - n°g(€9) (zstw(ec) — (e + u(c) — (z + (2))
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And finally:
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C
oe
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Analogously, it can be derived that

T eu(ev) A 85§éw(€§) . ((1 * ns - u’(CW)) . (J? . b)
Py b 1 A OWE :
o (1 e ) e = 0
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3.F.4 Optimal STW Benefits

ag p max{estw _
— =5 ns - f (W (e (€)) — U/ (€) (h — hgy (€)) dG(e)
stw 6§
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Insert Lagrange multiplier separation condition:
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N A . ‘b+ 1 A JWE _
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Finally:
_ A
Tstw — ]Tb
Fiscal Ext.
Heqw = €5} p [ (U (caw(®) — ') -
+ > T ST s B Stw ) h—h dG
v(p) ) o ( u’(cw) ( stw (€)) dG(€)
Insu‘r;nce
n® 1 anN
—— > (1-p) +  BEg,
e A Par, T s
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where

(]_ —p) oe p J€€
u — A . g(eg) . aTs:w . ns, (pc — H(estw 2 eg) . X . g(eg) . aTS:W . Tls,
p = ¢+t
and
BE = !
stw,3 A
(1 + nsu/?cw)
A JOWE u A b 1 A OWE
o p— GO e by )

pnsu'(c") 0 Ty o nu' ()N 'n ge¥) 1 —p el

nsu’(c%)

e A b 1 AOWE ]
[ A— + J—
@ (n n g(e)p Je )

3.F.5 Optimal Eligibility Condition

Assumption throughout: €f > ey, > €}

Further assume that:
n-d' (@™ +Ag—m-A, > 0, n-u' (@™ +2A >0

These conditions exclude the case that the Planner would want to use STW'’s
hours distortions to destroy production and thus reduce vacancy posting. The
Planner might want to do that when the Hosios condition is not fulfilled. For
reasonable parameter values, however, the condition should hold anyway. Recall
that by Lemma 1 €; > ¢! and £ > &I.

Case I:

FOC for the eligibility threshold:

< 1-— an
e W Y W) SRAL B
0 €t A Estw
1-p on
— (Ao —m-A) —— - (1 —p0Y - u
(g —m - A 1 1—-p9 de.,
o 1—p le;
=—(n~u’(c)+7te—n'%)'T'“‘p)'aes;

Under reasonable parameter values, we get:

0¥

< 0 thus it is optimal to set ey, = €.
Estw



Appendix 3.F Ramsey FOCs with STW | 325

Case II:
FOC for the eligibility threshold:
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Insert A, and subtract decentralized separation condition for constrained firms:
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Subtract decentralized separation condition:
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Inserting for (y — —) . L. % gives us the final condition. We can distinguish

1—y
between three cases:
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BE is defined as:

A OWE

BE = g(€gy)
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0¥

= g(estw) : % -n’ - (u(cstw(estw)) - u(c(estw))

O €5t
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(U(Cstw(estw)) _ u(c(estw)) o
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If the equation holds with strict inequality, the cost of hours distortion exceeds
the benefit of providing additional insurance to workers in constrained firms. Con-
sequently, the Ramsey planner chooses not to allow firms and workers to enter
short-time work (STW) when they could survive without reaching the threshold
€sw = &,. Conversely, if the equation holds with exact equality, the STW thresh-
old is determined by balancing the additional cost of hours distortions against the
benefit of providing extra insurance.

This concludes the proof of Proposition 4.
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3.F.6 Optimal Unemployment Insurance with STW

From the FOC of Ul we can derive the optimality condition of unemployment
insurance:

1— (b
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To get better insight, we need to determine the Lagrange multipliers for A4, A..
We already know the Lagrange multipliers for the separation conditions:
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First, let us find an expression for A.:
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Collecting terms:
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Insert A. into the Lagrange multipliers for the separation conditions. To do that,

let us rewrite the Lagrange multipliers of the separation conditions:
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Inserting A, gives:
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This allows us to calculate the Lagrange multiplier for the job-creation condition:
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Following the same arguments, we can express the Lagrange multiplier for the
separation conditions as:
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For convenience, the optimal UI benefits are reproduced here:
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Appendix 3.6 Proof of Lemma 1
Separation condition: unconstrained matches
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This allows us to rewrite the separation condition of constrained firms on STW as:
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Appendix 3.H Optimization

We rely on gradually refined grid search of welfare, as given by Equation 3.3.1.
For each grid-point, we compute welfare and search for the maximum with each
policy regime. All grids are equidistant. We rely on a grid for p of 40 points
between O and 1.

For F, T, and €g,, we gradually narrow down the bounds of the intervals in
which we search for a new optimum. For F, we start with a grid between O and
1.5. The results reported in the paper are based on a grid with limits 0.65 and
0.8. The F grid has 1000 points.

—— Lower Ty, - 0.960
-
0.86 1 ~~~ UPPer Tstw "

0.955 4

0.950 1

0.945 4

0.940 4
Lower exgy

Upper &stw

0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10
P P

(a) Grid for Ty, (b) Grid for &gy,

Figure 3.H.1. Grid bounds for 7, and &g, across p € [0,1].

The grids for 7, and e, have 400 points each. We start with grids between
0.1 and 1.5 at every point on the p-grid for both parameters. The grids, resulting
from sequential narrowing down bounds, on which the results in the paper are
based, are shown in Figure 3.H.1.

Appendix 3.1 Calibration

To calibrate the model, we solve the following system of equations for parame-
ters, taking targets as exogenous. Note that we solve for some endogenous model
variables, too. This works because the system of equations pins down the model
solution for these variables, along with the parameters to be calibrated.

Exogenous:
f> @,0,brep,nt

Endogenous:

= Cc u w
¢r,m,b, e, €,¢", w
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