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1 Introduction

It has long been understood that unemployment insurance systems can inefficiently increase
separations in the labor market. To counter this inefficiency, governments 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 en-

abling 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 Zylber-
berg, 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 match-

ing literature, but clearly is at odds with reality.

In this study, we relax this assumption in a rich yet analytically tractable DMP frame-
work and allow for a share of firms to be financially constrained. Using the Ramsey policy
approach, we then determine the welfare consequences of optimally 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 financially con-
strained 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 operate as effectively as before. Secondly, with fi-
nancial 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 finan-

!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.



cially 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 complete bargaining.

Government implements an unemployment insurance system under which unemployed
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 conditions and
benefit payments. Workers become eligible for short-time work once they agree to re-
duce their working hours below a threshold specified by the government. 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 workers. 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 com-
mit to paying the worker a fixed (consumption equivalent) 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 com-



mitted 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 secondly, 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 theoretical re-
sults 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 fi-
nancially 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 constrained
firms. By supplementing the income of workers who experience reduced hours, it incen-

tivizes workers to remain attached to the firm. In addition, it provides 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 financially 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.

Related literature We contribute to four branches of the literature. Firstly, we add to
the literature about optimal unemployment insurance. The trade-off between 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 et al. (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 unemployment

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. Blanchard and Tirole
(2008) and Cahuc and Zylberberg (2008) propose frameworks in which lay-off taxes can de-
centralize the planner solution. Closely related to our work, Jung and Kuester (2015) and
Michau (2015) take a Ramsey planner approach and examine optimal unemployment in-
surance with lay-off taxes and vacancy subsidies in a DMP. Duggan et al. (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, Johnston (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 literature
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 et al. (2017) highlight the risk of subsidizing em-
ployment at unproductive firms, while Giupponi and Landais (2022) raise concerns about
impeding beneficial worker reallocations, though they also note that short-time work may
support firms in maintaining efficient levels of labor hoarding. Cahuc et al. (2021) raise

concern about the potential windfall effects of short-time work.

Other contributions focus on the potential advantages of short-time work. Balleer et al.
(2016) show that it can introduce valuable flexibility at the intensive margin of employ-
ment. Giupponi et al. (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

within an implicit contract model.

Despite these contributions, the relationship between short-time work and unemployment
insurance remains insufficiently understood, as emphasized in a comprehensive review by

Cahuc (2024). Addressing this gap, Stiepelmann (2024) introduces the analysis of optimal
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short-time work policy and optimal unemployment insurance into a search-and-matching
framework. Building on this foundation, our paper contributes to a better understand-
ing 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 transmissions (e.g. Ottonello
and Winberry (2020)) or innovation (e.g. Cascaldi-Garcia et al. (2023)). In the labor
market, fewer financial constraints are empirically shown to lead to higher employment
(e.g. Duygan-Bump et al. (2015), Fonseca and Van Doornik (2022)). We contribute to
this literature by incorporating financial constraints into a search and matching framework

with endogenous employment response.

2 Model

2.1 Basic Assumptions

Set-Up Time is discrete. There is a unit mass of workers. Workers can be either em-
ployed or unemployed. While unemployed, workers search for vacant jobs and receive
unemployment benefits 6. 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 - v~ . (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 ¢, and

the separation rate by p. Let 6 denote labor market tightness, i.e. § =

1-n

A worker-firm match produces output y according to the production function
yle,h) =A-€-h* — (ue—e€) - ¢y

where € is realization of a productivity shocj € satisfying shock logé ~ N (u, 0?) with cdf
G(e) and pdf g(e). New productivity shocks arrive with probability A. A is the number
of working hours worked by the worker, and A is the total factor productivity. The term
(fte — €) - ¢f is a cost shock. While workers are employed they receive a salary w(e) and

_ p(+¥)

suffer dissutility ¢(h) = *~ from working h hours.



Firm profits go to firm owners of whom there is a mass of vy.

Preferences Workers are risk-averse with a concave flow utility function over consump-
tion, net of work disutility u(c — ¢(h)). Because utility is defined 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 ¢, (i.e. u(cy)).

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 sections for each respective policy regime

in the following.

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 government. To finance the policy regime,
firms pay a lump-sum tax 7 whenever their productivity changes. The government budget

constraint is
n*-r=(1-n)-b—n*-p"' - 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,

yle hle) — wi(e) > —A- T — (1= A) - J(e)



must hold..J is the expected firm value once a new shock arrives, and J(e) 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 financial 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 productivity will lead to a tighter borrowing constraint.

The value of an unconstrained firm after productivity realizes to € is
J"(€) = y(e, h(€)) — w"(e) + AJ + (1 = \)J"(e)

and the value of a constrained firm after productivity realizes to € that is
Jo(e) = y(e, h(e)) —w(e) + AJ + (L = 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=—r+(1-p) (/OOJ“(e)dG(e)> +p (/OOJ“(e)dG(e)> PP
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
ko _ 5
4q
Workers Employed workers can work at financially constrained and unconstrained firms.

The value of a worker at an unconstrained firm after productivity realizes to € is

V¥(e) = u(w"(e) — d(h(e))) + AV + (1 — N)V*(e).



The value of a worker at a constrained firm after productivity realizes to € is
Ve(e) = u(w(e) = ¢(h(€))) + AV + (1 = \)V(e)

where V is the expected worker value before a new productivity shock has realized It is

given by

V= ([ viadco) o ( [Tv@ic) o

U c
S s

With probability p a worker becomes unemployed. The Value of an unemployed worker U

is given by
U=ulb)+f-V+Q-f)-U

Bargaining With financial constraints, bargaining takes place before both - the realiza-
tion of productivity € 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"(€) and we(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:
Vi) <U, V) <U

This will become especially prevalent in the case where firms become financially con-
strained. 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:
pl=1-p) Ge) - L(V'(e}) > 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:
oF = p-G(e) - V() > U)

Formally, the bargaining outcome is the solution to the maximization problem

max J=m (V — U)77

w(e),we(e),h* (€),he(€) ey €5

subject to

Commitment Problem: V*“(e) > U, V() > U,
Financial Constraints:  y(e, h°(€)) — w(€) > =X+ J — (1 = X) - J(e)

where 7 denotes the bargaining power of workers. Note that firms and workers have to
take the commitment problem of the worker and the financial constraints 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 using 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 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 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. ¢“ is pinned down by the condition

(e(e) = u/(c")

Once a firm becomes constrained and the constraint binds, it instead pays the maximum

monthly wage ¢ (¢€) it can still afford:



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)* = h(e)¥

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 working hours
level h(e), we write z(e, h(e)) simply as z(e). The job-destruction equations pin down the

bargained-over separation thresholds of constrained and unconstrained matches

“ u(e) —u®) Aok
A ey Y
u(c (;f()c)w;wb)ﬂ/\_f).%.%:o

Note that F' enters the separation condition for unconstrained firms only. In the uncon-
strained case, firms insure workers’ income against idiosyncratic productivity 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*(¢*) > 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¢(e¢) < 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(€¥)

s

and p° = G(€). The steady-state law of motion for employment is
n=(1=X-n+(1—p)-n,
where n® denotes the number of matches that received a new shock

n=f-(1—-n)+A-n
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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:

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 con-
straints, the consumption-equivalent monthly wage ¢*(€) paid when financial constraints
bind, the separation thresholds € and €, the productivity level at which the borrow-
ing constraint becomes binding €’ and labor market flows, i.e the job-finding rate f, the
vacancy-filling rate ¢ and the separation rate p* and p° as well as n. The exact equations

pinning down equilibrium and their derivation are delegated to Section B in the appendix.

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 threshold D. In this case,
the worker receives Ty (h — hew(€)) 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 7y,. Choosing an hours threshold
D is a close implementation of what short-time work rules mandate in e.g. Germany.>
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
(Teichgraber et al. (2022)).

In principle, government chooses the policy parameters D, 74, and b. However, since

the hours functions h(e), he(e), h  (€) and hS,(€) will always be strictly decreasing in

stw stw

€, choosing D is equivalent to setting the eligibility productivity threshold ey, that will

2In practice, this is implemented as a minimum reduction of hours threshold - which in our model is
given by % and is implicitly chosen by the government through D.

11



induce the same hours threshold D. The resulting government budget constraint is

1—p max{€stw,€¥ } _
e 5 [ i

u
s

A
» max{estw,€S _
+ X -ns. / Tstw * (h - hstw(e)) dG(E)

U

C
Y and € are

where n® is the mass of matches that receive a new productivity shock. €
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 productivity shock has real-
ized 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)) = we(e) = —A- T — (1= A) - J(e)
and with short-time work

Y(€; Pt (€)) — W (€) = =X+ T = (1= A) - I, (e)

must hold. .J is the expected firm value once a new shock arrives and J¢(e) is the value of a

constrained firm without short-time work and Jg,, (¢) is the value of a constrained firm on

stw
short-time work. The constrained monthly wage function w®(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"(¢) and h"(¢) as h(e) and h%,(€) and hS,,

hstw(€). Further we write z(e) instead of z(e, h(€)) and zgy(€) instead of z(e, hspw(e)). The

value of firm without short-time work after productivity realizes to e that is unconstrained

(€) as

12



is
J"(e) = y(e, h(e)) — w"(€) + AJ + (1 — A)J"(e)
and the value of an unconstrained firm with short-time work after productivity realizes is

it (€) = y(€; hstw(€)) — Wi, (€) + AT + (1 = X)Jgy, (€).

The value of firm without short-time work after productivity realizes to e that is constrained
is

J(e) = y(e, h(e)) — we(e) + A\J + (1 — X)J(e)
and the value of a constrained firm with short-time work after productivity realizes is

T (€) = y(€; hst(€)) — Wi (€) + AT + (1 = A) JG, (€)

where J is the expected firm value before the shock has realized. It is given by

T=—rv-n ([T radeg s [T medeo)

max{&¥,€stw } €s

o0 max{e§,estw }
+p ( / () dG(e) + / JE (6) dG(e))

ax{&S,estw} €5

The max operators in the integral bounds max {£’, ey} reflect that a sufficiently strict
eligibility threshold ey, can exclude certain matches from accessing short-time work, even
if their productivity would allow them to survive with such support 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

ky, -
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
V() = u(w"(€) — d(h(e))) + AV + (1 = \)V"(¢)

and the value of a worker at an unconstrained firm with short-time work after productivity

realizes is

Vit (€) = (Wit (€) + Tatw + (B = hs(€)) — @ (Pt (€))) + AV + (1 = A) Vg, (€)

The value of worker without short-time work after productivity realizes to ¢ who works at

a constrained firm is
Ve(e) = u(we(e) — ¢p(h(e))) + AV + (1 — A)V(e)

and the value of a worker with short-time work after productivity realizes who works at a

constrained firm is

Viiw(€) = w(wiy, (€) + Tatw + (7 — hst(€)) — G(hG(€))) + AV + (1 = MVt (e)

where V is the expected worker value before a new productivity shock has realized. It is

given by

B 00 max {€stw, €y }
V=(>1-p) ( / V() dG(e) + / Vit (€) dG(e))

u
MAX gty £} €s

00 max{€stw,€S }
ip ( / Ve(e) dG(e) + / Ve () dG<e>>

aX{Gsthgg} €5

+p-U
where p is the separation rate. The Value of an unemployed worker U is given by

U=ulb)+f-V+Q-f)-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.
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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 of becoming

unemployed offers a weakly higher expected utility than remaining employed at the firm.

Vi e) <U, Vil <U
Vi(e) < U,  Viule) 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
(€). The

hours functions, likewise, are bargained over separately - for times in which the firm has

total monthly wages paid in both cases while on short-time work w®_ (€) and w¢,,

no access to short-time work (h*(e) and h¢(e)) and for times on short-time work (h%_ (€)

and A¢

¢ (€)). Lastly, the separation thresholds are also agreed upon for both cases: access

to short-time work and no access to short-time work. We denote the separation thresholds

u
R

without short-time work by &Y and &5. €, and € denote the separation thresholds while

on short-time work.

Formally, the bargaining outcome is the solution to the maximization problem

max Ja=n (V — U)77
wh(€), we(€), Wik, (€), Wy (€), R (€),
he(e€), gy (€)s P (€), €4 s €5, &4, €5

subject to

Commitment Problem: V*“(e) > U, V<) >U, Vg, () > U,
Financial Constraints:  y(e, h°(e)) — w(e) > =X - J — (1 = X) - J%(e)

y(e, hS (€)) —wl,(€) > =X JS (6) — (1= N) - J

stw stw stw

() >U, Vg

stw

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 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

15



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 state where workers are on STW:

u'(c(€)) = u' (e (€)) = 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:

k
(€)= z(e) + A —
q
_ k,
Cotw (€) = Zstw (€) + Totw * (B — hsew(€)) + A E

When the firm goes on short-time work, the worker is compensated for the reduced working
hours by the government. This means that when the firm has a binding borrowing con-
straint and can only afford to pay the worker ¢y (€) in monthly wages, going on short-time
work can still increase the worker’s income. 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)¥
At e he(€)* = ha(€)" + Tatw-

Again, the hours functions turn out to be independent of financial constraints and equilib-
rium; therefore, they only contain the two general hours functions h(e) and hstw(e). Note
that without short-time work, the bargaining outcome for working hours equates to the
marginal product of labor and the marginal disutility from labor and thus sets working
hours efficiently. With short-time work, working hours take the subsidy 74, into account,
and hours are set lower than the efficient number of working hours. This means that
through inefficiently low working hours, the short-time work scheme introduces a distor-

tion into the economy. The bargained-over separation thresholds are pinned down by the
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job-destruction equations

z@ﬁ+mdﬁ—%wiﬁ+g%%£%@_”w+i%%%'%:ﬂ
Md%ZJU@%%A_ﬁ.TgEé$ZO
u(cstwq(jgzl)u)_ ub) LA py. % : % — 0.

In unconstrained firms, the separation decision is determined as a bargaining outcome:
firms and workers separate once their joint surplus becomes negative. Importantly, short-
time work benefits are not included in the worker’s utility function. 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 result, the worker has no incentive to quit uni-
laterally. 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 produc-
tivity 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(¥)+

G(max{&Y, €sw}) — G(max{e, s }) and p° = G(€) + G(max{&S, €stw }) — G(max{€eS, estw })-

The remaining worker flows are given by f = {7~ and ¢ = **. The steady-state law of

motion for employment is
n=(1=X-n+(1—p)-n,
where n® denotes the number of matches that received a new shock

n=f-1-n)+A-n
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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),
hsw(€), the consumption equivalent ¢* paid as the monthly wage to workers without bind-
ing constraints, the consumption-equivalent wage ¢*(€) and ¢  paid when financial con-
straints bind, the separation thresholds &Y, &<, € and €S and labor market flows, i.e the
job-finding rate f, the vacancy-filling rate ¢ and the separation rates p" and p° as well as
n. The exact equations pinning down equilibrium and their derivation are delegated to

Section C in the appendix.

3 Optimal Policy

3.1 The Ramsey Problem

To show the differences in how short-time work and lay-off taxes act against the fiscal
externality of Ul 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 B and 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

18



consumption equivalent units due to hours distortions:

1 max{€stw,e% } max{estw,€5 }
Q=—|(1-p / Q(e) dG(e) +p-/ (e) dG(e)

c
65
J/ [\ J/

-~

= (1—pm) Qe = (=)0

where

Stiepelmann (2024) shows that 2 > 0, % and 2L

Oestw

The welfare function is given by

W(r)=n"-u(c”)+n° v+ (1 —n)-ub)
+olcu((n-(z—=Q)—n"-c” —n-e—7(b) —0-(1—n)-k,)/v’) (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 constraint. 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 average 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 7(b) = (1 —n) - b is used to finance the UI system.

7 is the vector of policy parameters the planner can choose, i.e. m = (b, F') in the lay-off
tax regime and m = (b, €sw, Tstw) Under the short-time work regime. The problem of the

Ramsey planner is given by

max W (mr) s.t. equilibrium conditions are fulfilled

The full problem is stated in Section 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
vf such that the consumption equivalent of workers always equals the consumption of firm

owners.
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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.

Proposition 1. The optimal unemployment insurance benefit b given lay-off tax F' must
fulfill the following first-order condition:

\(1 ) (M)}I\(_%)ge cu- Ly(b) + (‘fj)ge. 37;;;21?) CLE(b, F)

u'(c?)
M?,frIB ]\22\/ MB"
de¢\ 7 Ons(p) SUASR
s ). e ctp). [ — (22 JE
(%) B2 moww- (- (5) ) o
MLS MIE
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where

(7 ) — ()
= ([ )k
on® 1—
e
a c
)2 e

PROOQOF': See Section E.6 in the appendix.

The term labeled MUIB represents the marginal social benefit of a higher unemploy-

ment benefits level b, stemming from improved income insurance for unemployed workers.

The term labeled M LV captures the marginal social loss associated with a decline in hir-
ing 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 unem-
ployment 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 M LS terms denote the marginal social loss resulting from increased separations caused
by UI benefits. Specifically, M LS" captures the social cost arising from increased separa-
tions in unconstrained firms, while M LS¢ captures the corresponding 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 sep-
arations early. In constrained firms, workers are less willing to accept income reductions

and thus quit into unemployment sooner.

The term M LS" consists of two components. First, L? denotes the social value of the
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represents the number

der \ ¢ on*(p)
db Oe¥

marginal match at an unconstrained firm. Second, <

of additional separations in unconstrained firms.

Similarly, M LS consists of L¢, the social value of the marginal match at a constrained

c ge c
firm, and (%) . ag—e(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
do
b
cially constrained firms’ reduced capacity to provide income insurance® while n¢ denotes

consisting of two parts: (— ( )ge) . [ Ey denotes the average social loss arising from finan-
the number of constrained firms. Intuitively, higher Ul 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 M LS" term. Im-
portantly, it does not affect any terms associated with financially constrained firms. The
intuition is straightforward: once firms become financially constrained, they lose their abil-
ity to insure workers against adverse productivity shocks. As described in Section 2, low
productivity is then fully passed through to the worker’s income. If the income falls suffi-
ciently, 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 sta-
bilizing 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 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 exter-

nalities. This can be done with the optimal Lay-off tax stated in Proposition 2.

3Note that €? in IE, denotes the productivity level at which financial constraints become binding for
a constrained firm.
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Proposition 2. The optimal level of F' is determined by its FOC:

P % b+ BE(b) (@)

PROOQOF': See Section E.5 in the appendix.

The first component captures the fiscal externality of the unemployment insurance sys-
tem. It reflects the expected Ul 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 acknowledging that setting F' will have general equilib-
rium 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 uncon-

strained firms as shown in Corollary 1.

Corollary 1. (i) Optimal Lay-off taxes fully eliminate socially inefficient separations in
unconstrained firms.

(i) If p = 0, then all inefficient separations are eliminated in the economy

PROOQF": See Section E in the appendix.

The proof shows that the optimal lay-off tax sets the Lagrange multiplier for the sepa-

ration 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 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.
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3.3 The Optimal Short-Time Work Regime

Under the short-time work regime the Ramsey planner chooses Ty, and €y, (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 (Tsp, €stw) must fulfill the following first-order condition:

1-n). (M) _ ( %)"e.u.w” O D)y iz,

w(ev) b Oev
M‘(?IB MIV M}:S“
a s
+ IL(Estw > 62) : Z (p) ' Lge(bv Tstw)
Oe¢ ’
MLS®
on?®
+ Il—('gstw S 55) ’ 8€(§p) ) Lg,ﬁ(ba Tstw)
MLS®
do\ N
+ nc(p) : (_ <&> ) : ]EQ(Tstwa Estw)
MIE®
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where

b= ((77 —Z)—(iy—n) j+%'b)
R (RN D)
L, - (%-b—%tw ( hmw)))
I, = % b
VRS = e
; /:”{6““”63} v 3 o) Sl dG(6)> "
T = gl

PROOF': See Section F.6 in the appendix.

Again, L, is the social value of hiring one additional worker. L is the social value of
the marginal match at an unconstrained firm. L, 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 threshold where matches separate with short-time
work support, denoted by i = €, and another where they separate without STW support,
denoted by ¢ = £. The eligibility condition for STW determines which of these separation
thresholds is operative. Finally, I Ey 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 unemploy-
ment benefits (MUIB) has to equal the marginal welfare losses, i.e. the marginal loss
through too few vacancies being posted (M LV'), too many separations in both uncon-
strained and constrained firms (M LS" and M LS¢) and loss of insurance by constrained
firms (M1E°). However, there is a key difference between the FOCs under the lay-off tax

25



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 ad-
verse effect of unemployment benefits on separations in unconstrained firms. By contrast,
the short-time work parameters (Tgw, €stw) appear in all the terms except the MLV term.
Unlike lay-off taxes, short-time work has an effect not only on separations 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 pro-
ductivity 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 func-
tions 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 M TFE® term.

A second difference is that the eligibility threshold ey, 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., € < &S, 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 €4, is set even strictly to egy < €5, 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 corre-

sponding 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 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 Ul 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
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impede vacancy posting by destroying the efficiency of the match.* Depending on where the

*

s 1S set, relative to the different separation thresholds, its op-

optimal eligibility threshold €

timality condition differs. There are three cases to distinguish. For each case, the following

*
stw-*

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.

Case 1: € > €5y > £

In this case €, = £ s the candidate.

Case 2: let I = [max{e¢, &4}, €6 and egqy € 1

In this case if

on‘(p) o™

c U
5 Lo (e) > n* - + BEs,2 Veel, (3)
Estw aestw
N -~ 7
preserve matches in distort working hours
constrained firms in unconstrained firms

then the candidate is €5y = £5. BEgu,2 s a term that captures general equilibrium effects
through the generalized Nash bargaining process. If
onc(p) o

LS (e) < n*- + BEg,2 Veel, (4)
aEstw

aEstw

then the candidate is €g,, = £F. In the remaining case, i.e., the above inequality holds as

an equality, this equality pins down €gy,. In this case €gy, € [E4,£C].

Case 3: €z > &5

4In 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 F.5 in the appendix.
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In this case, if

o0}

a€stw

n + BEstw,Q

distortion

u(Cstul€stw)) — ulclestw)) — (")
8nc(p) . Cstw(estw) - C<€stw)

Deq e [Catul€at) — c(€st)

J/

vV
additional insurance

then the candidate is €g,, = £5. Otherwise, the above inequality holds as an equality and

pins down €y, > &5

PROOF": See Section 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 their unconstrained coun-

terparts. The following lemma confirms this:

Lemma 1.

€, <€ and & <&

S

PROOQOF': See Section 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 €., 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 €4y > £5. 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
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distortions.

Alternatively, the planner can choose to ignore constrained firms and set the eligibility
threshold to eqyw € [€Y, £S) 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 eligi-
bility 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 eli-
gibility 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 5. Our
numerical results presented in Section 4.2, indeed, show that quantitatively, the distortion

effect dominates and that ey, = £ 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 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 con-
strained firms. This trade-off is reflected by Inequality 3 and 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 Y. Only if 3 holds as an equality and the two

effects are in the balance could e, be between the two separation thresholds.

In case 1, the planner excludes all constrained firms. As argued by Stiepelmann (2024)
Estw < & 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

®Here L¢(e) denotes the social value of a financially constrained match with productivity level e.
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hours.

Proposition 5. The optimal short-time work subsidy T, 1s pinned down by the first order

condition
B A n 549
Tstw = —b - 7 "4a_-
f 90(]?) aTstw
——
Fiscal Ext. Distortion
ne 1 max{eS,estw} u' Csw(€) — u' (¥ _
+ (p) ) . / ( (Cst (/) . ( ))) (h — hyw(€)) dG(e)
e(p) 1—p" Jo G
Ins;?:znce
+ BEstw,B
——
Bargaining Effect
with

_ ') wy . S0 7 c
Tstw :—Tstw(h - hstw(es)) + —Tstw(h - hstw(65>)
»(p) »(p)
where BEg,, s captures general equilibrium effects through wage setting in the generalized
Nash bargaining process. ¢(p), p°(p) and p“(p) are weight-terms with p(p) = " (p)+¢°(p)
that are explicitly stated in Section F.5 in the appendiz.

PROOF': See Section F.5 in the appendix.

Proposition 5 reveals that the Ramsey planner sets the average net subsidy 7y, to re-
flect 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 im-
poses on the Ul 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 7y,,. However, larger short-time

work benefits will also lead to larger working hours distortions, in turn lowering the opti-
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mal level of Tyy. Tstw 1S then determined by distributing the load of 7 on constrained and

unconstrained firms, taking into account marginal welfare gains.

It is noteworthy that the Ramsey planner sets the average net subsidy 7y, optimally and
then adjusts the actual benefits 74, to achieve this optimal level. Since constrained firms
have higher separation thresholds (€S > €%), it will hold that h — hgy(€2) < h — Ry (€%).
Because ¢"(p) is decreasing in p and ¢°(p) is increasing in p, this means that holding ey,

fixed, Ty 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 distortions 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.

It is also clear that short-time work is the superior policy instrument if all firms are con-

strained.

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

isurance.

31



In all cases with p € (0,1), it is ambiguous which of the two policy regimes is supe-
rior 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.

4 Quantitative Results

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 I in the appendix. Table 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
brep UI replacement rate  0.45

Table 1: Model Calibration Targets
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Table 2: Model Parameters: Calibrated and Set Values

Parameter Description Value

Calibrated Parameters

m Matching efficiency parameter 0.3832
cr 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
Q Labor elasticity in production function 0.65
I Location of productivity shocks 0.094
o Scale of productivity shocks 0.12
P Disutility of labor parameter 1.5
7y Elasticity of matching w.r.t. unemployment  0.65
i Worker bargaining power 0.65

Notes: The set parameters are based on the following sources: «: Christoffel and Linzert (2010). :
targeting Frisch elasticity of 0.65 as in Domeij and Floden (2006). o: Krause and Lubik (2007). pu:
normalizing wage to 1. v: standard value. n: Hosios condition (Hosios (1990)), reasonable set of
parameters in Petrongolo and Pissarides (2001).

The first part of Table 2 shows the calibrated parameters set to achieve the targets. As
shown by Costain and Reiter (2008), large-surplus calibrations are needed not to overesti-

mate 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 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.

4.2 Results

To calculate the Ramsey optimal policy parameters, we maximize the welfare function

(Equation 1) numerically. The details are described in Section H in the appendix.

Figure 1 shows the results for the optimal lay-off tax F" across p € [0,1]. The result is what
its FOC (Equation 2) lets us expect. The planner exactly offsets the fiscal externality on
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Figure 1: Optimal Lay-off Tax
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Notes: Optimal lay-off tax F' set by the Ramsey planner across p € [0, 1].

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 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.
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Figure 2: Optimal Short-time Work
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Notes: Optimal €gy and Tyy 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.

Figure 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 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 with-
out 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 2, the benefits from protecting
constrained firms eventually outweigh the added distortion from protecting excess uncon-
strained firms. At this point (p = 0.205), the eligibility condition jumps to the threshold

¢S at which constrained firms without short-time work separate.
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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 7y, 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, the planner tar-
gets the average net subsidy. As constrained firms have less margin to adjust their hours,
this means that 74, has to rise in p as long as €y, does not change much. However, when
Estw jumps to &5, many more firms are suddenly on short-time work, introducing greater
hours distortion to the economy. To counteract that distortion, the planner reduces the

Tstw @S 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 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.
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For better interpretation, Figure 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 we solve
u(co - (1+ Aponw)) = u(Cpolicy)

where co = u=H(W(0)) and cpolicy = u (W (7*)). W(0) is welfare without either short-time
work or lay-off taxes and W (7*) is welfare under the respective optimal policy. While wel-
fare improvements in terms of consumption equivalent variation intersect at the exact same
point as raw welfare functions, they carry two additional messages. Firstly, the resulting
improvements of the respective superior policy 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.

5 Conclusion

We set out by asking the simple question, which of the two policy tools that policy mak-
ers 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 that their effectiveness is highly

sensitive to the assumption that firms are unconstrained 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 ineffi-

ciencies into the economy through distorting working hours.

Our theoretical analysis, grounded in a Ramsey policy approach, delivers closed-form ex-
pressions for optimal lay-off taxes and STW subsidies as a function of the share of finan-

cially constrained firms. We show that lay-off taxes are the superior policy instrument
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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 insurance, 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 constraints in different countries and the implications for op-

timal policy is therefore key.

Another interesting way forward is to explore how our results change over the business
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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Separation rates (unconstrained/ constrained)
Separation with lay-off tax
Separation via bankruptcy
Probability firm is constrained
Probability of productivity shock
Productivity shock (lognormal)
CDF and PDF of productivity shocks
Matching function parameters
Total factor productivity

Output elasticity (hours)

Inverse Frisch elasticity

Mass of firm owners

Reference hours under STW
Eligibility threshold for STW
Productivity threshold for STW
Unemployment benefits

Lay-off tax

Liquidation cost

Lump-sum tax per shock

STW subsidy per hour gap

Cost of posting a vacancy
Bargaining power of workers

Table 3: Model Parameters, Variables and Functions Part 1
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Average welfare loss STW in unconstrained firms
Average welfare loss STW in constrained firms
Average welfare loss net of disutility of all firms
Hours worked (non-STW)

Hours worked under STW

Constant consumption-equivalent wage
Constrained consumption wage
STW-constrained wage

(Monthly) Wage functions (u/ ¢, no STW)
(Monthly) Wage (u/ ¢) under STW

Worker value (u/ ¢, no STW)

Worker value (STW)

Expected worker value

Value of unemployment

Firm value (u/ ¢, no STW)

Firm value (u/ ¢) under STW

Expected firm value

Separation thresholds (u/ ¢, under STW)
Separation thresholds (u/ ¢, no STW)
Productivity where constraint binds

Mass of matches receiving new shock

Mass of workers at u/c firms

Table 4: Model Parameters, Variables and Functions Part 2
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B Equilibrium Lay-off Tax

B.1 Bargaining

Nash-Bargaining Problem:

max Ja=m (‘_/ — U)77
w(e),we(€),h*(€),he(€),e¥ €5

subject to

1. Financial constraint of financially constrained firms:
y(e, h(e)) —w(e) + A~ J(e) + (1= X)- T =0
2. Commitment problem (Worker):
Vi) >U, V*e) >0
First of all, note that we can rewrite the financial constraint as
z(€) — c(e) + MJ(e) + (1 = N)J >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:
u(c(e) —ud) + (A= f) - (V-U) >0
Let €2? denote the threshold at which the worker wants to separate on his own terms:
u(e(eg®)) —ub) + (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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- o0 1
JP =74+ (1—-p)- —.
T+ (1 -p) / o5 ey A

max{eg

(z(e) = c¢”(e) + AJ) dG(e)

+(1=p) G(e?) - U > ) - F

s

) 1 3
+p- / X (z(e) — c“(e) + AJ) dG((e)
ax{ed? el P}

m.

+p-Gler?) (e > ) - L

-0 =-p)- [ :

W ewery A

(u(c(€)) — u(b) + AV — U)) dG(e)

max{eg
oo 1 )
T / (s ey A (u(c(€)) — u(d) + MV = U)) dG(e)

Note that €2F 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 € 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'(€) and c'(€) as

c'(z) = w'(€) — ¢'(h(e)).

Set up Kuhn-Tucker Problem:

max
ce(e),ct(e),he () hu(e),es et

where

B (J%). (V- U)"" - /OOOM@ [2(6) — c(€) £ A~ T+ (A — f) - J(e)] de
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With Kuhn-Tucker conditions for a maximum:

(I) M(e) <0
(1) M(e)- [z(e) —c(e) + AT+ (A= f)-J(e)] =0
0B A
s =~ (1=p)-g0- (57
+n-(1=p)-gle) - v (c"(e)) - (f/—iU)
=0
u' (c(€)) = u'(¢”)

1-n V-U
— =

n
Note that the firm wants to perfectly insure workers against idiosyncratic productivity

shocks as long as they are unconstrained.

Define the joint surplus as -
= = V=U
S=J+ D)
The resulting surplus splitting rule gives:
_ V-=U _
0B V-U\"
= —(1—0p)- 1— R
s == 9@ (=0 (F57)
J \
1— cul (" U-| =——
=000 @0) U ()
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Insert the surplus splitting rule:

S (1-p)-ge) 1~ (W((Q) — (") = ~M(e) - (uw - %) 7

Note that if ¢°(€) < ¢, then the RHS of the equation is positive due to risk aversion. Thus,

firms and workers gain joint surplus until ¢“(e) = ¢*.

If

€)=+ AT+ (1—=X)-J%%) >0
then the constraint is non-binding and M(e) = 0. v/

If

zl€) =+ X J+(1=X)-J%) <0

then the constraint is binding and M(e) < 0. v/

Thus, it is optimal for the firm to pay as much as it can:

J(e) =2(e) = c(e) + AT+ (1—=X) - J(e) =0

Using the surplus splitting rule, the Nash-Bargaining problem can be simplified to

max 1 — M= (W (V)" - S
wu(6)7wc(6)’hu(€)yhc(€),6g,eg( 77) ( ( )77)
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That is, we just have to maximize the joint surplus with the remaining contracts:

S=—7¢

s [ (s S e 8) de

—. /

—(1=p) - G(e2?) Uy > ) - F

S

+p~/€m§~<z(6)+w—Cw+(1—77'f)'5>dG(€)

» u'(c?)

— . p
max{e?’B,eg’Cp} A u (Cw)

—p- G(e;"B) . IL(e“’B > evP) - L

S

The FOC for working hours in unconstrained firms is:

sy = (=960 (Pt i) —o

y(e, h"(€))

e = 9 (4"(0)

The FOC for working hours in constrained firms is:

oB . g(e) ' <8y(e7 h¢(e)) B ¢/<hc(€))) ‘ W (c“(e)) 0

Oh<(e) Ohe(e) u'(cv)
Oy(e,h(e)) _ e
W = ¢'(h*(e))
Suppose that € > ¢4
oB 1 u(c”) — u(b
O =~ p) gl [x (sterny + 1) =20
—cw—i—()\—nf)-S') +F|=0
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Insert free-entry Condition:

z(e?’b)—k)\-F%—%—Cw—i—(A—nﬁ-(%) =0

Note that efjb > ¢ must hold, as workers would never quit under the insurance constraint
of the firm:

It always gets positive surplus!

Suppose that €58 > ewep

c,B ==
Oes

= H(F)+ AL+ ““u?))‘ ) e(eeB)y 1 (A= np)-5=0

Insert free-entry condition:

c(cBY _ .
Z(E?B) TN-L+ U(C (Es/ )) U(b) c( .cp A 77f . @ -0
w(c?) 1-n ¢

The participation constraint of workers can be written with free-entry condition as:

u(c*(eg™)) — u(b)

w(c?)

—CC(EC’Cp)+ ()\_Uf) @ =0

I—-n ¢

Ae) +

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 the contractual

separation threshold €8 < € avoiding lay-off taxes.

B.2 Job Creation and Wage Equation

The notation of this section follows Appendix D for lay-off taxes.
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(I) Value of an unconstrained firm after the idiosyncratic productivity shock has realized:

J4e) = z(e) =" + AT+ (1= X) - J%(e)
1 _
& JYe) = X (z(e) = " + A J)
(IT) Value of a constrained firm without binding constraints after the idiosyncratic pro-

ductivity shock has realized:

Jo(e) = 2(e) — ¢ + AT+ (1= \) - J(e)
1

& J%e) = X (z(e) = " + A J)

(III) Value of a constrained firm with binding constraints after the idiosyncratic produc-

tivity shock has realized:

J(e) = 2(e) — () + AN J + (1 = \) - J(e)

& JYe) = % (z(e) — c“(e) + A J)

(IV) Value of a firm before the idiosyncratic productivity shock has realized:

e}

J:—T—i—(l—p)-/:oJ“(e)dG(e)%—p-/ J(e)dG(e) — (1 —p)-p*- F

c
E]

Inserting (I)-(III) into (IV) gives:

& J=—T+H(1—p)‘Z—(l—p)‘(l—p”)~C”“”—p-(1—pc)~6C

+(1=p)-A-J| = (L=p)-p" - F

(V) Value of an unconstrained worker after the idiosyncratic productivity shock has re-

alized:

Vi(e) = u(c®) + AV + (1 = X) - V¥(e)

s Vie) = % (u(c”) +AV)

(VI) Value of a constrained worker without binding constraints after the idiosyncratic
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productivity shock has realized:

Vele) =u(c”) + AV + (1 = X)) - V(e

& V(e = % (u(c”) +AV)

(VII) Value of a constrained worker with binding constraints after the idiosyncratic pro-

ductivity shock has realized:

Vele) = u(c”(€)) + AV 4+ (1 = A) - V()
& Ve = % (u(c’(e)) + A V)

(VIII) Value of a worker before the idiosyncratic productivity shock has realized:

V:(1—p)-/MV“(E)dG(e)—l—p-/;ovc(e)dG(e)—l—p-U

Inserting (V)-(VII) into (VIII) gives:
& V= [(1—1))(1—/)“) u(c”) +p- (1—ﬂ”>-uc+(1—p)'A-V+p~U]
(IX) Unemployment:

U=ub)+f-V+(1-f)-U

Next, we turn to calculating the joint surplus.

A) First, let us calculate the surplus of the worker after the idiosyncratic productivity

shock has been realized:

Vi(©) = U = ul(e(0) ~ub) + (A= 1) - V() + (A= 1)V = (A=) -U
& VIO~ U =u(e(e) —ud) + (A=) - (Vi) = U) + (= ) (V = 1)
& ViU = (uc(©) ~uld) + (h~ ) (V - 1)

B) Next, we calculate the expected surplus of the worker, before the shocks have been
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realized:

+p- (1 =p) - (u(c) —u(d))

+(L=p)- A= f)-(V-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=T+
=7+ |0=p) s
H-p ) (M5 )
+p-(1—p°)- (u(cu),éu?(b) - €c>
FU=p) AT (=)A= )| = (=) F

Using the surplus splitting rule, we can rewrite the equation above as:

S:—T-i-% (1—p) -z

=g (MO )
)= )

u'(c)

+p-(1—pc)'(

+ A =p)-A=nf)-S|+Q=p)-p* F

Next, we want to replace the tax in the surplus equation. We can do this by using the
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budget constraint of the government:

n-r=n®-(1-=p)-p* - F+(1—-n)-b

1—
& 17=(1-=p)-p*-F+ Ly
nS
s A
Insert n® = “n
—p
1 1—n
= r=n"(1=p)-p" Ft+-(1=p)——b

Inserting it into the equation for the joint surplus gives:

S=§[<l—p>-(z—l‘T”-b)m-p)-(l—p“»(W—w)

u(c?) — u(b)
(1= o). [ 22 e 1—p)-(\— :
+p-(1—p9) ( o () e)+1—p)-A=nf)S
Next, insert the free-entry condition: %” =J

—
| | —
3
< |
I
> =
| — |

The subsequent derivation of the wage equation is completely analogous to the derivation

under STW regime described in Section C.2. The wage equation thus reads:
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C Equilibrium STW

C.1 Bargaining

Nash-Bargaining Problem:

max J (VU
w (€),w (€),wety, (€), Wty (€),
h(€),he(€)shgin (€):hSe (),

Eg 762 7&;" 7§§
Subject to:

1. Financial constraints of financially constrained firms:

yle, h(e)) — w(e) = A~ J(e) + (L= \) - J
Y€, hoiwe(€)) — Wi (€) > A= Jgu(€) + (1= A) - J

stw

2. Workers have a commitment problem:

U>Ve), U>VZE(e)
U>Vie), U>Vg,e)

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(c](€) —ud) + (A= f)-(V-U) 20

Let /P denote the threshold at which the worker wants to separate from a firm with STW
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support: '
u(c (")) —u(b) + (A= )V = U) =0

Likewise, we can determine the threshold at which workers leave firms without STW sup-
port, &P as:

u(c] (€1P)) —u(b) + (A = f)(V =U) =0

We can rewrite the value functions of the firm and the surplus of the worker as:

JP=—1+(1-p)- [/Oo ! (z(e) — c"(e) + AJ) dG(e)

max{€s B, €5, ey} A

max{e?’B € P estw } 1
—I—/ — (zstw(e) —cs (e)+ /\J) dG(e)
max{eg’B,e?’Cp} A

+p-

/OO ! (z(e) — ¢“(€) + AJ) dG(e)

max{£5P, 9P, etw} A

max{e$? €SP eqiw } 1 _
+ / b\ (2stw(€) = CE(€) + AT) dG(E)]

max{eg’B, €5 P}

—(1-p)- [/Oo o % (u(c®(e)) — u(b) + A(V — U)) dG(e)

m.

max{e?’B €5’ P estw } 1 _
ey 3 () (i () =) AV ) 4G9

+p-

/ - L (e (0)) — u(b) + AV - U)) dG(e)

B
max{€55, £9P  eg} A

max{eg‘B,eg’w,estw} 1
+ / f(
c,B’ Eg,cp} A

max{eg

(S (€)) + Totw (B — hsw (€)) — u(b) + AV — U)) dG(e)]
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=(1-p)- [/oo B g et % (u(c“(e)) —u(b) + MV — U)) dG(e)

max{es’", €5 Estw } 1 Y _ 3
3 ()4 )~ 8) + XV~ ) G0

max{es’, €

+p-

/OO (P € ey % (u(c”(e)) — u(d) + A(V = U)) dG(e)

»Ss

max{es’", €5, €stw } 1 _ _
+ / 3 (w( e (€)) + Tstw(h — hstw(€)) — u(b) + A(V — U)) dG(e)

max{eg’ B o P

Note that 48 5B B and 5B denote the separation thresholds at bargaining outcome.

To be consistent with the bargaining problem under lay-off taxes, we assume that €-°? and

£L°P are exogenous to the bargaining problem.

Note that we can rewrite the problem so that we optimize over consumption equivalents
instead of salaries. ¢’ (€) denotes the consumption equivalent paid from the firm to the

worker on STW. ¢’(e) is the consumption equivalent consumed by the worker.

Y7 — )
et (Efrcls?vi{(ﬁ)v S (€), (J ) (V U)
hB( )’ stw(e)vhstw(e)

c,B 'u.B c,B
€57 5 €s ,Es

C(
he(o).
&

1. Financial constraints of financially constrained firms
z(€) —c(e) > =X J(e)— (1= N)-J
Zatw(€) = (€)= =X+ Ty (6) = (1= A) - J

stw

Set up Kuhn-Tucker Conditions:

(TP) - (V- U) — /0 M) [2(€) = () + A+ T+ (1= A) - I(6)] dCi(e)
_ /0 " M (€) [2atn(€) — €6n(€) + A T+ (1= A) - Jou ()] dGH(e)
With Kuhn-Tucker conditions for a maximum:
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FOC for ¢*(e):

forge) — T R) 9l (LJU)n

fo--pg0 @) (plg) =0

Unconstrained firms want to insure workers against idiosyncratic productivity shocks, out-

side STW:

— 1‘7’7 TR @) = (o) = ) = (e
FOC for ¢ (€):
G =~ =) gl (“57)

+1-(1=p)-g(e) - u (ci(€) - m- <‘—/%]U> =0

Unconstrained firms want to insure workers against idiosyncratic productivity shocks, also
on STW:

FOC for ¢“(e):
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!
=0

Insert the surplus splitting rule:

e 1-p) gl 1 W) () = —M(o) - (u’(&”) ' L) -

Note: If ¢°(e) < v/(¢"), then the RHS of the equation is positive.

Thus, firms and workers gain joint surplus until ¢¢(e) = ¢*.

If
zl€) ="+ X J+(1=X)-J) >0,

then the constraint is non-binding and M(e) = 0. v/

If
zl€) ="+ X J+(1—=X)-J) <0,

then the constraint is binding and M(e) < 0. v/

Thus, it is optimal for the firm to pay as much as it can:

J(e) =2(e) = c(e) + AT+ (1—=X) - J(e) =0
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Using the same arguments, we get that under STW

w

Cstw(€) = ¢ if the financial constraint is non-binding,

and

Cotw (€) = €5t (€) + Tt * (h — hgpw(€)) + A+ J  when it is binding.

Using the surplus splitting rule, we can simplify the Nash-Bargaining problem to:

max (L= (W) )" S
hu (6) 7h’c(€) ’h’gtw(e) yhgtw (6)7 gsuvggvfgc 7&?6

That is, we just have to maximize the joint surplus:
S=—-1

+(1—p)-/oo 1(2(6)—1—1&(01”7_1”([7)—c“’—i—(l—n-f)-S‘)dG(e)

ma’x{gg’B 7£g’cp7€stw} )\

max{eg’B,eg’CP,estw} 1 w\ _ b
+(1—p)/ *(Z(E)—FM—CU)

max{e?’B,eg’CP} A

+ (b = hetu()) + (1= 7+ f) - §)dG(e)

+p-/€:oi(z(e)+w—cw—l-(l—n'f)-S)dG(e)

+p-/€p 1<z(e)+w—cc(e)+(l—n-f)-5’>dG(e)

max{€2,65 eoru} A u/(c)

max{eS,es’ P estw } 1 w( Sy, (€)) — ulb
+p./ *(Zstw(f)"i_ ( stw( )) ( )

/
max{eS,eq P} A u (Cw)

— () +(1—n- ) §)dG(e)

Note that without financial constraints, the firm smooths the consumption equivalent con-

sumed by the worker:

w

c = Cgtw(e) - C:tw(e) + Tstw * (h - hstw(e))

&t =" — Taw - (h — hgiw(€))

stw

STW makes it less expensive to smooth consumption equivalents consumed by the worker.
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The FOC for working hours in unconstrained firms outside STW is:

ey = (=00 (e - ) ) =0

dy(e,h"(e)) _
W = ¢'(h"(e))

The FOC for working hours in constrained firms outside STW is:

o5 W) o) HEO)
gieig =40 (Higy - 409 S o

= ¢'(h(¢))

dy(e, he(e))
One(e)

The FOC for working hours in unconstrained firms on STW is:

oB Oy (e, h (€)) o B
g = (90 (Vg - g0,0) ) =0
Oy(e hiv ()

Ohgy(€)

= ¢/(h:tw(€)) + Tstw

The FOC for working hours in constrained firms on STW is:

o8 Oyl ) i}

s =gl (25— () — ) D

Oy(e, h(e))
Ohe(e)

= ¢'(h(€)) + Totw

Suppose that

maX{€g7B7 fg’Cp, 6stw} = 5:7B

Then the FOC for the separation threshold of the unconstrained firm without STW support

1S:

oB 1
P —(1—p)-g(&") - "

o a-nn5) =0
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Insert free-entry Condition:

") — u(b)

(68) 4 () + 1 boaf) k

_Cw+—.

A
w'(c?) l-n ¢

Note that £48 > % must hold, as workers would never quit under the insurance con-

straint of the firm:
Vie)=U=u(c")—ub)+ A=)V -U)>0

It always gets positive surplus!

Suppose that

max{fg’Ba £§7CP> Estw} = SE’B

Then the FOC for the separation threshold of the unconstrained firm without STW support

1S:

OB
oeer

u (c°(657)) — u(b)

u'(e*)

=—(1—p)-g(&") - [% : (Z(fﬁ’B) +

— (€)= nf) - §) +L| =0

u(c“(€57)) — u(b)

= G FAF =y B+ (A —nf)-5=0

Insert free-entry condition:

u(c“(€07)) — u(b)

u'(e*)

c(¢c, ()\_77](.) kv
—C(fsB)ﬂLTn'E

2(€5°) + =0

The participation constraint of workers can be written with free-entry condition as:

u(cc(gilczc)z))_ u(b) . CC(£§7CP> + (>‘ — ﬁf) . k

=0
l1—-n ¢

Note that these are the same conditions. This implies that given the inability to insure
workers against idiosyncratic productivity shocks, separations for a constrained firm with-

out access to STW are efficient.

Suppose that

u,cp B

u,B — U,
max{er”, erP eqw} = €5
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Then the FOC for the separation threshold of the unconstrained firm with STW support

1S:

aifB =—(1=p) g(e?) F : (z(e“’B) L) —ud)

— z("P) +

s

Cwle) T T g

Note that €? > € must hold, as workers would never quit under the insurance constraint
of the firm:
Vie)—U=u(c")—ud)+ A= f)(V-U) >0

It always gets positive surplus!

Suppose that

c¢,B _c.cp __ _¢B
max{es”, 7P egy} = €

S )

Then the FOC for the separation threshold of the constrained firm with STW support is:

oB _ c¢,B 1 c,B u(cgtw<€§7B)) —U(b)

5eer = (1= p)gle”) [x (o) + =S
— ™)+ (A= nf) - §) +L| =0
c c¢,B\\ __ B
e 4 LGN e (em) g )5 =0
' (cv)
Insert free-entry condition:

¢ (e98)) —u(b) A=nf k

> E?B + u(cstw(es )) U( _ng EE’B + LI 0
( ) U/(Cw> t ( ) 1 . 77 q
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The participation constraint of workers can be written with free-entry condition as:

A=nf ke _
I-n ¢

c c,ep)) b
Z(ﬁg’Cp) + u<cstw(65 )) U( ) _ Cgtw(GE’Cp) +

w(cw) !

Note that these are the same conditions. This implies that, given the inability to insure
workers against idiosyncratic productivity shocks, separations for a constrained firm with

access to STW are efficient.

C.2 Job Creation and Wage Equation

This section derives the job creation and the equation for STW. It follows its notation part

D of the appendix.

(I) Value of an unconstrained firm outside STW after the idiosyncratic productivity

shock has realized:

JU(€) =z(e) =+ AT+ (L= X) J*(e)
1 _
& JYe) = X (z(e) = + A J)
(IT) Value of an unconstrained firm on STW after the idiosyncratic productivity shock

has realized:

T4 (6) = zstw(€) + Topw (B — hstw(€)) — ¢ + X J + (1 = X) J¥. (€)

1 _
A Js%w(d = X (Zstw(e) —c" + A J)

(III) Value of a constrained firm outside STW with non-binding constraints after the

idiosyncratic productivity shock has realized:

J(e) = z(e) = + AT+ (1 = \) J%(e)

& IO =5 ()~ " +2])

(IV) Value of a constrained firm outside STW with binding constraints after the idiosyn-
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cratic productivity shock has realized:

J(e) = 2(€) — () + AN J + (1 — \) J(e)

& JYe) = % (z(e) — c“(e) + A J)

(V) Value of a constrained firm on STW after the idiosyncratic productivity shock has

realized:

o (€) = Zotw(€) — Cop(€) + AT + (1 — N)J5, (€)

& () = 3 (anl®) = e + A7)

(VI) Value of a firm before the idiosyncratic productivity shock has realized:

J=—r+-p)( [ redce+ [ e i)

u
s

o max{€stw,€S }
+p- (/ J¢(€) dG(e) +/ S5 (€) dG(e))

max{estw,ES } €S
Inserting (I) - (IV) into (V) gives:
J=

+5|(T=p)-(z2-9Q)

1
A

(= p) (1= ) <Cw _ / T el = b (6)) dG(e))

u
S

max{€estw,€S } _

—p-(1—=p°)- (60 — / Tstw (B — Nt (€)) dG(e))

c
S

+(1—p)-)\-j]

(VII) Value of an unconstrained worker outside STW after the idiosyncratic productivity
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shock has realized:

Vie) = u(c”) + AV + (1 — \) V¥(e)

o Ve = % (u(c®) + A V)

(VIII) Value of an unconstrained worker on STW after the idiosyncratic productivity shock

has realized:

Vi (€) = u(c”) + AV + (1 = A) Vi (€)
& VA =5 () +AT)

(IX) Value of a constrained worker outside STW with non-binding constraints after the

idiosyncratic productivity shock has realized:

Vele) = u(c®) + AV + (1 = X) V(e

1 _
& Vi) = x (u(c” +AV)
(X) Value of a constrained worker outside STW with binding constraints after the id-

iosyncratic productivity shock has realized:

Vele) = u(c¥(€)) + AV + (1 — X) V(e)
1

s Vi) = X (u(c“(€)) + AV)

(XI) Value of a constrained worker on STW after the idiosyncratic productivity shock has
realized:
VC

stw

(€) = ulcsew(€)) + AV + (L= A) Vi (€)

& Vid) =y (ulcan(e) + AV)
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(XII) Value of a worker before the idiosyncratic productivity shock has realized:

V=>1-p)- (/00 V¥(e) dG(e)

[ v >dG<e>>
p ( | veaasto

P

w0 e

max{£S,estw }

max{€S,estw }
+f V(e >dG<e>)

c
s

+p-U

Inserting (VII) - (XI) into (XII) gives:

Vi=<1(1=p)(1—p") u(c)+p-(1—p°)-u

+(1=p) X V+p-U

>/IH

(XIII) Unemployment:

U=ub)+f-V+(1-f)-U

Next, we want to calculate the joint surplus of firms and workers.

(A) The surplus of the worker after the idiosyncratic productivity shock has realized is:

Vi(©) = U = u(dl(©) ~ulb) + O~ ) Vi) + (A= 1) V= (A=) U
& V(O -U=uld(e) —u®) + A= 1) (V) =U)+ A=) (V-U)
& VIO~ U = u(e(0) ~ud) + (A~ 1) (V) ~U) + (A= ) (V= D)
& VO -U =5 (ule(e) —u) + (A= 1) (V - 1)

for i € {stw,no stw} and j € {u, c}.
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(B) The surplus of the worker before shock realizations are known:

Estw

V%Eu—m(gy%wUM@+[ Vil - Udc(o)

U
S

P max{£S,estw

max{eS,estw }
+ [ wa@»—UdG@Q

c
S

+p.</mV@)—UdG@%+/% Ve(e) — U dG(e)

Inserting A into B gives:

VU= 5[0 - ) - () — u(t)
Fp (1) —u(d))
FO= ) (V- D)

(C) Finally, we can calculate the joint surplus before shock realizations are known:

V-U
S =7+
:—T+% (1=p)(1—=p")- (%—cm
1 e
+ 1— pu /eg (h — hstw(€)) dG(e))
+p(1 = p°)- (—ucu;;gb) e
1 max{esew,€5 B .
L / Tatw(h = s(€)) d (6)>
=N+ (=)= ) s

Next, we start deriving the job-creation condition. Inserting the surplus splitting rule

V-U

u'(ev)
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into the equation for the joint surplus gives:

V-U
S_J+u’(cw) =nS+(1—n)S
1 1—n
:—T+X (1—p)(z—Q— " b)

+(1=p)(1—p") (M _ Cw)

u'(e?)

+cvwﬂ/wﬂﬁ—mm@»ﬂ%a

u
s

+p(1 —p%) (u_—u(b) - ec>

u'(e*)

max{€estw,€S } B
+ p/ Tstw(h — hstw(e)) dG(G)

c
£l

+(1—p)~%(1—n)-5+(1—p)(k—f)n'S]

(l—p)(z—Q—I;nb>
) )

w(e)

w(ev)

max{€stw,€S } _
+ p/ Tstw (P — hstw (€)) dG(€)

c
S

+(1—p)(A—77-f)'5]

Next, we want to replace the tax. To do this, we need to know the budget constraint of
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the government:

n .1 = 1%/) . <(1 —p) /:Stw Tstw (P — hstw (€)) dG(€)

u
S

max{€stw,€S }
+p / reen(B— B (€)) dG(e))

c
s

+(1—=n)-b

Inserting the employment equation

nS
n=1-p)

gives:

T = % . ((1 — p) /EOO Tstw(?b - hstw(G)) dG(G)

u
E)

max{€stw,€S } 3
+p/ 7-stw(h - hstw(e)) dG(E))

gives:

T= 'Ql—M/mth—%M@MG@

u
S

max{€estw,€S } B
+ p/ 7_stvv(h - hstw(e)) dG(6)>

c
S

+§‘U—p%(1;n-0

> =
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Inserting the tax into the surplus equation gives:

5:1[(1—@(2—9—1;"-1))

)
+(1—p)(1—p") <% - Cw>

+(1—p) / = ha(€)) dG ()

max{€estw,€S } 3
+ p/ Tetw (B — hstw (€)) dG(€)

C
s

S

+(1—p)(>\—f)'5]

Inserting the free-entry condition

gives:

+p(1 = p°) (UCUICZ(;)) - ec)
s 2]

This is the job-creation condition used in the Ramsey problem for STW in Appendix D.

Next, we want to calculate the wage-equation. Remember the surplus splitting rule from

Nash-Bargaining:
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Inserting the tax into the value of a worker for a firm gives:

J=<|(1=p)(z=Q) —p(l—p")e” = (1—=p)(1—pe
1— _

—(L=p)- b+ (L= pA]

Likewise, we can calculate the surplus of a worker:

— 1

V-U=+ [(1 —p)(1 = p") (u(c”) — (b)) + p(1 = p°) (u® = u(b))

+(1=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:

Tl == —pi—p) e = Q= p) (1= ) e
S b () A
1_77 1 u w
= e [P ) () — ()

+p(1 = ) - (u = u(b))
+(1=pA= ) (V=0)]

Insert the surplus splitting rule again:  n-J = (1 —17) - 2=Y
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e [0-pE-0-0-p) b ) S]]

=(1—p)(1 —p")(1 —n) - (M T Cw)
+p(1—p*)(1—1)- (u e ec)

()

Inserting the free-entry condition again, we get the wage equation from Appendix D for

STW.

u(c”) — u(b)
u'(e)

= [0 n)- 0 (=) b (1),

= ()

u'(e*)

w

(1=p)A=p")(1—n)- +n-c
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D The full Ramsey Problems

D.1 Lay-off Tax

The Ramsey planner’s problem reads:

max n"-u(c’)+n-u’+ (1 —n)-u(d)

b7 Tstw,€stw

+olcu((n-z—n" ¢ =n- e —7(b) —0-(1—n)- k,)/v’)
subject to the following constraints:

(I) Number of unconstrained workers:

(V) Aggregate separation rate:
p=0=p)-p"+p-p°

(VI) Number of firms that are hit by a shock:
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(VII) Total employment:
n=n"+n

(VIII) Average utility of constrained worker:

o= (0= 6 e + /:u<c<e>>dG<e>)

:1_pc

(IX) Average cost of a constrained worker for a firm:

P

=2 [a=ce) s [ e i)

N 1- p° €<
(X) Average production (without distortions):

el G AECLEC /°° (0600

(XI) Job-creation condition:

1 k 1 1—n
.= (1=09)- — b
1=n q A[< /) <Z n )

(XII) Wage:
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(XIII) Separation condition unconstrained firm:

u(c") — u(b) A—n-f k
o pp RO AT R
AT ey T T
(XIV) Threshold at which the constraint is binding:
ky
2(P) + A —=c"
(€") .
(XV) Separation condition constrained firm:
u(c"(€5)) — u(b) n_ ky
s A\ — M
wieny Oy =
(XVI) Consumption of constrained worker:
ky
c(e) = z(e) + - "

D.2 Short-time Work

The Ramsey planner’s problem reads:

max n"-u(c’)+n-u’+ (1 —n)-u(d)

b’Tstw sEstw

+ol cu((n-z—=n"-c” —n-e—71(b) —0-(1—n)-k,)/v)
subject to the following constraints:

(I) Number of unconstrained workers:
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(III) Number of constrained workers:

(IV) Separation rate (constrained workers):
p¢ = G (max{¢f, e }) — G (max{es, €}) + G(E7)
(V) Aggregate separation rate:
p=00=p)-p"+p-p°

(VI) Number of firms that are hit by a shock:

(VII) Total employment:

n=n"4+n"
(VIII) Average utility of a constrained worker:

u 1 ((1 —G(") - u(c?) + /ep u(c?(€)) dG(e)

1- pc max{estw,ES}

max{€stw,€S }
+ IKC$W(@)dCNE))

C
s

(IX) Average cost of a constrained worker for a firm:

=t famc@n- e [T eoao

1 - pc max{estw,ES}

max{e€stw,€S }
T / (i (€) = Tapw(h — haw(€))) dG(€)

C
s
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(X) Average production (without distortions):

1 o0 o0
7= — — 2(e)dG (e 2(e)dG(e
((1 p>/5 (©) <>+p/ (6) dG(e)

¢ max{ﬁg,estw}

max{€S,estw }
+ / z(€) dG (e))

c
S

(XI) Average distortion of working hours:

Estw max{€stw,€S }
Q-1 ((1 —p)/ Q(e) dG(e) +p/ Q) dG(e))

u C
S ES

with  Q(€) = Z(€) — zw(€)

— %%[(1—@@—9— )
bt ) (M )
+ (1 =p)(1 -9 (u;;;:)b) — ec)
AL

(XIIT) Wage:
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(XIV) Separation condition for unconstrained firm without STW:

wy W) —u®) o A=n-f ke
(XV) Separation condition for unconstrained firm with STW:
u 7 u u(cw) _ U(b) w
Zstw(es)+7'Stw(h—hstw(€s))—FW 4 T

(XVI) Threshold at which the constraint is binding:

k
2(e)) + A — ="
q

(XVII) Separation condition, constrained firm without STW:

(XVIII) Separation condition, constrained firm with STW:

u(Cr(€5))) ke
() +(A =) =0 g 0

(XIX) Consumption, constrained worker outside STW

k
(€)= z(e) + A —
q
(XX) Consumption, constrained worker on STW
w . k,
cstw(e) = Zstu)(e) + 7—stw(h - hfstw(G)) -+ - E
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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, )\, denotes the Lagrange multiplier for the total employment equation, \,. for the
number of unconstrained firms, A, for the number of constrained firms, \,s for the number
of firms that received a shock, Ay for the job-creation condition, A. for the wage equation,
Aeu for the separation condition of unconstrained firms and A 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.

E.1 Employment (lay-off tax)

oL 1—p

—_ R - . 1_ (AN w\ _ (W L AU
L e+ 51— ) ule) — () - e
p C w l( w c
+ 2 ) () — () - )
1-p u Poq_ e _
e (=) A T (L= %) - A =0
oL
S = Aw A =0
oL
= et Aa =0
o -
%Z—An—l-)\nv()\—qw)-@)%—u(c)-[z—l—b+9-c]—u(b)
1—p b b
—i—T-ﬁ-Ag—Fn(l—p)-ﬁ-Ac:O
A A u(b)
=(\—a(6)-0) - b+0-c —
+1—p b N A A b
Aon? W) n?ood(cv) T e ' (c®)
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E.2 Optimal Job Creation Condition (lay-off tax)

Before we begin, let us define the insurance effect as:

1By = § (/ep ) - % . “/(C(El)u)(c—w;/(cw) dG(e)) -k,
IEy = n® - u/(c) - <1 + #@) TE,

The FOC for labor market tightness denotes:

g—g = —k,(1 —n)u'(c*)+IEy-ky + (1 —)q(0)(1 — n)A,s

_ 1_
S et ( pAg—Aeg)

1y (1-mf\ A
o Doty 2= F N
(3 Tttt + T A
_y IVE

<00

Ans 1+ x Ky

=
uw'(c) 1-n gq

with
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Using the FOCs for employment and labor market tightness gives:
1 k, 1-—
B LTR 4 (ute) — ult) — ) )
5 (1= ) (= ulb) — (") - €)

A
1— A — A —
—l—u/(Cw)'Tp' (Z—I—b+ 7f1+_X$ f>
1-— o b 1-— b
_|__p._0.__|_ p._.)\c
A ns n ns n

[um—
+
=<
o
<
—
|
i)

ky

q

)

l—p A=af+x-(A=-f) k
A -7 q

Subtracting the decentralized job-creation condition from the optimal gives:

_ 1k A AN 1—p b
(X_n 7) :<1+ o+1n+ ) p

1-n) 1-7 ¢ ns - u(c?) A n
A-p)- A=) ="
T '(X‘ﬁ)'

Rearranging gives:

@
q

—~ 1k, Xo+n- AN e
(EEEE\ NN RS P
1-n) 1—-v ¢ n® - u'(cv) +(1-p)- 1L
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E.3 Optimal separation condition (unconstrained firms)

FOC for the separation threshold of unconstrained firms:

O =) gl () (z<eis> + ;‘,((CC?) - )

Cder T 1—p
1—p u(c®) — u(b) 1—n A—nf ky
Mg - ca(e®y - | g(ery 2 RE ) T Y w . i)
e R e =
OWE 1-p s oSh(ey)
+ Ac den + 3 g(eg) -n® - Apu + Aeu de =0

Insert for A\, and subtract decentralized separation condition of unconstrained firms:

P {Z(e“)+ we) L A 1

ST ey T T w(en)

_____ g(eY) - [AF+1;n'b]

A OWE A OSH(ey) 0
u'(cv)  Oer  ul(cv)  dev

Insert for \,:

Y D SO )
e (a0 6) s+ (0000 =
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Yy b+ (AN—q(0)-0 0 -
SN (e lEng ot
ns - u'(cv) n n
Ae b A 1 OWE
- Tl . — _|_ . .
@ " T 1o g e
T w@) Top gl e
Inserting A; gives the Optimal Separation Condition:
) —u(b A—7- (A — k,
ey ¢ M) 00) ey Ay f O
u'(e) 1—vy q
Ao Ae b A 1 oOWE
—_——_— A . F _— b —_—_— . . —_— . . p—
@ O P e (T s e ) =

Subtracting the decentralized separation condition and rearranging gives:

A-F:b+(A—9q(9))-(X—u)ﬁ

L=~/ «q
ns-u/(c?) 1—p g(er)  Oet
A
-2 (AF —b)
ns - u'(cv)
. Ac 2 L A 1 OWFE
wd (@) \T T T ) oe

1-p

S b
= O_(1+u’(cw)~ns) <b+(A f) pr(—p) L n A F>
Ae b A 1 OWE
n® - u/(c?) <n'5+1—p'9(6?)' ey >
LA L A0S
1—p gles) n*-u/(c?)  Oey
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Ao b
N A1 Aew 0S4 (€Y)
L—p glet) n*-u/(c?) Oe
Ae A 1 8WE>

b
+ns-u'<cw>'(’7'5+1—p'g<ez> Det

Ao A
= 0=(1+—20 ). (Z2.p-\F
( +u'<cw>-ns) (f b= )
+ A . 1 )‘62 aSﬁ(eg)
T—p gle) ww@)  oe

Ae ( b A 1 8WE>
. n.ﬁ+ .

n® - (c?) L—p gler) Oe

Rearranging gives the Lagrange multiplier for unconstrained firms:

Ay L—p _g(e) g A\
—_ S — . S . 1 v . A _ F
ns -l (c?) A 35%%6;‘) + ns - u'(cv) f b—A

Ae é#— 1 A 1 OWE
wa(@) \Tn T gle) Top gler) Oe

E.4 Optimal separation condition (constrained firms)

The FOC for the separation threshold in the constrained firm is:

_a‘c __n c 1w c u(cw(eg))—u(cw) o w( ey
5 = o pea(e) ) (st + M) ey s
B c c CU)(eg)_u(b)_w c_l_n. )‘_nf@
+ N 3 g(€d) [z(es) + D () - b+ =0
ey
OWE
+ AC * Teg
e 055 (€9) _0

C
0¢S

Note that we can reformulate the decentralized separation threshold of a worker in a
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constrained firm as:

u(cw(j()c)w) u(b) +\ =) % ) Ii; =0
= MRG0 n e e A
c u(cw(eg)) — ’U,(b) — (S A—nf . @ —
— z(65)+ ul(cw) ( s)+ 1_7,’ q 0

This simplifies the equation to:

@ﬁz"mg@%Gﬁﬂﬂggmﬂ”@_%

o 1—p u'(cv)
p c s Ane
+ X ’ g(ES) n U,/(Cw)
)\9 c 1—n
_W.X.g<gs). —=
N Ae  OWE A 05%(e)) 1y
uw(cv)  Oes uw'(ev)  Oes

Inserting A} gives the Optimal Separation Condition

0 ey + M) iy gy 2o LB B
Ao
ns -/ (cv)
Ae b 1 X OWE
i@ ey )
AL A 05ie)

p ne-gle)) wiew)  Oe
Subtracting the decentralized separation condition gives:

n—y Lk
0=t - au) - (x-1=0) 15
A€ 1 1 9555 1
neu(c”) p X de g(e)
A0 b Ae ( 9 L A aWE>

87



Rearranging gives back the Lagrange multiplier:

E.5 The Optimal Lay-Off Tax

We start {from

oL

e _)\6" :0
oF *

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

Ae p gl Mo A
s S . 1 7 ). =-b=)N-F
neow(er) A S Tw(en) \7

n Ae -é+ A _ A .OWE
wd(@) " n T gl Top  der

This leads to:

BEy, =

1 A b+ 1 A OWE
(o) " Tgle) T-p Oe

E.6 Optimal Ul given Lay-off Tax

From the FOC of Ul, we can derive the optimality condition for unemployment insurance.

With an optimal lay-off tax, the Lagrange multiplier for the separation condition of the
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unconstrained firm is equal to zero.

(L) ) (@) = 2o (1= ) (4 )

To get better insight, we need to determine the Lagrange multipliers for Ay, A\.. We already

know the Lagrange multipliers for the separation conditions of constrained firms:

Acu 1-p 1 Ao A
_ 5 — cale®) —— (12 —22 Y. [ Z.p=\.F

Oe¥

E]

+ .
T gler) 1—p  Oet

s

A < b 1 A 8WE)
_|_— . .

)\Ec P 1 )\9 A
L S 1 2
ns U/(Cw> A g(es) 8S%WC(€§) < + ns - U/(Cw)> f
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First, let us find an expression for A.:

%:—<<l—p>-<1—p“>-

u(c®) —u(b) u”’(c*)

e ten
uleanlS)) —ult) u'(e) |
P ey e e

Next we can solve for the Lagrange multiplier of the wage equation:

1 Oe 1—0p A
- _ s . cale®) - nf o u(e) - (2 b=\ F
aeg p c s 1/ w >\
+ TR g(€) - n®-u'(c") 7 b

8St0tal
+ 1 - “A
( Oc® ’
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 /(W ]‘ - P U —)\9 i —
Aev = —3S§‘éw£€?) <n u'(c") 3 g(ey) (1+ ns,ul(cw)> (f b—A F>
s 8_71 ' _((‘)WE n OWE
“ \ Oev on Oet
1 s / W (6] )\9 )\
=g (” e Rt (15 ) 5
s 8_71 ‘ _GWE n OWE
“ \ Oee on O¢g

(0154
Inserting \. gives:

1 1—]) )\9 A
 -—_——_—. Sy —EZ (e 1+ —2 ). [Z.p=N-F
A = A (” w(e) =5 els) <+n5-u’(cw)) (f )

>3

Oe¥
on Ot total O total
* (86”; ' (_%) + (36?) )
Jde 1—0p A
B B R o O A S A (AN SR
[80“’ 3 g(ed) - n®-u'(c") (f b— A\ )

0 b o o A, (05
5L (e oo (<5

1 S w p C Ae A
/\_as—()<” /(e )';g(es)'(Hns—)';'b

e
. on B O total . Ot total
O¢¢ on O¢¢
Oet 1— Vo w A
. laﬁ'Tp'g(EZ)'ns'u(c ). <?.b_)\.F)

862 P c S !/ w )‘ aStOtal
5L (e oo (<5

Insert \. into the Lagrange multipliers for the separation conditions. To do that, let us
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rewrite the Lagrange multipliers of the separation conditions:

Zstwl\s/

1 s 1w 1—]9 w )\9
A = ~ g5y (—” (e )'T'g(es)'<1+_—
Oe¥

— 1 S 1/ w p c )\9 A
e —“%—w(”'““)'X'g“s"(”m)?'b

o on ( OWE +(9WE
© \ e on Oe¢

Inserting A. gives:

o N T\ S
Aw = — 8S%wu(6“) (n u'(c) - \ -g(€y) <)‘+n8-u’(cw)) <f b=A-F
an total total
+<86§j.( ) ( > )
des 1=p v o (A
[8 B gt e (30 -2-F)

86§ P . i ' w by astotal
+acw-x~g(€s)~n -u(c)-?-b—i-(— Do - o

—_ 1 s 1/ w p c )\9 )\
e —“%—w'(”'“(”'X‘g“s)(“m)'?b

N on O total . Ot total
O¢¢ on Oe¢
Oet 1—0p A

G S gt e (G0 A F)

86(82 p C S / w A aStOtal
+8Cw-x-g(es)-n-u(c)-?-b—i—(— )-)\9

oc?
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Now we have everything to calculate \y from the two equations:

W (-1 B (e ),
-{7—@7—f@-<§ﬂ—pnw—&a]

11 Y w L A= f

| o

. 1 1 \ OWE 1
u u(cw) T 90 ky
1 1

.~ _.IE
u u'(cv) ’

Note that

This follows from the fact that:

/(8 .

F(6) = q(6) + 0 4(6) = 4(6) - (1 " %) —q0)-(1—)

D [—

So we can write:

h () (=t 5+ (- 5502) 2

Inserting y gives:

RO STl Pt
=) (5) v (== 5+ () 7)
O = ) o ()



OWE
W (_)\c) +[E9
Inserting Acu, Aee, [ Ep gives
1 1 ky
— — (1= R
RO Sl Pt

— /(") g_g.u. ((1 _%_(17_ p> -%+ (H nSuA'?cw)> ;>

|
))
N %mmn
~_
S
=N
N
G
» O
S~—
>3
7 N\
—_
_|_
3
»
< N
|
Q
=
~_
~| >
o>

total, 05 total
ocv

Ao ~
nsu/(cw)) LB
- 861; total B _(961; . aiw total - 863
00 a 06 060 oc
(- aEZ 8n _8Lw total N an total 86:
00 Oev on Oev Oc®
on 0c¥ Oe"
_862 total B _Geg N aiw total e 862
00 N 00 00 oc®
(- 862 an _aiw total . 8Cw total 862
00 Oe¢ on Oe¢ Oc®

—_
_|_

+
>
)
/T\
‘Q)
. e . .
e N e NI N

with

94



_aﬁ total,2 B _aﬁ total (- aeg a_n _aﬁ total . Ot total
00 B 00 00 Oev on Oev
+ B 8€§ ‘ 877, . _aiw total + 80”’ total
00 Oe¢ on Oe¢
. on  Oc®

+ 1'(0) af on

This allows us to calculate the Lagrange multiplier for the job-creation condition
of n—7 ky < Ao ) b)
M.)\ezulcw._.u.( — 4+ 1+ . —
o w0 T\ i) 7

. . (961; total . 1_p hY

. . aeg total P A
+U(C)‘"'(—ag) '9(%)'}'}5
+u/(c¥)-n® - IE,

with
1 1 k.,

N DUS —fn) (1= -

M {7 Ay = frm) v p)] =0 f

Note: ﬁ denotes the general equilibrium effect of an increase of the joint surplus on 6:
00\* 1
os) M
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Rearranging for Ay gives:

s () (i )

'V w D \* on* [\
+u(c)-(—8s) -aeu-(?b—/\F)

' w DeE\* Onc A
+u(c)-(—as) -aeg-?b

1w c N -
—i—u(c)n(%) -IFq

Note that

Further define:

o VW eanle) — ()
IE, = : __pc . i ) - ? . () dG(e)

Finally, we can calculate the Lagrange multiplier for A, by inserting into As:

(Szi + (%)M' (gﬁg)ge) -1%[) g(eg) - n® - (") - (%b— )\F)
(250 (2)™(59)") 5 2
() () (i e ()

. (OS\® [0\ -
- (5) '(%)”@}'
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Simplifying:

u'(c*) De" \ ¥ In* [\ Dec\* onc A
- _ s : A2y \F s ). A
)\c (aWE)total [ (acu)) aEg‘ (fb )\ ) + (acw> 862 fb

ocw

of \* n—r k, b . 90 \ & .
*(‘aﬁ) '“'((1—v><1—n>?+?)+”'<‘87) e

Following the same arguments, we can express the Lagrange multiplier for the separation

conditions as:

B u'(c?) on*\¥ [\ 0eS\ ¥ Onc A
A = <8S:tw(eg>>“’““ [ ((‘%?) ' (?b AF) " (36?> o
Oe¥
oct of )ge ( n—-y k, b>
+ . - T . — _|_ —
Oey ( e 1=y0=n q¢ f

w ge
e 06 ( 89) B,

P\

u'(c*) Dev [ On"\* [\
S GOV A 2p—aF
A (asstw&g))“’tal [362 (562‘) (f A )
(55
on°\% X, Ocv ( of )ge ( n—- k., b)
+ - —=b+ o —— “u - c— 4 =
(562) [ Oe I L= =n) q¢ f

o O 06 \* .
*”‘ae;'(‘@) 18

For convenience, the optimal Ul benefits are replicated here:

(L= n)- ((b) = /(") = Do~ (1~ p)- (1 —n v ) . (_M)

v Paey) e
o (42)
g (0 0 )
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Inserting the Lagrange multiplier gives:

With:

(1 —n)- (u'(b) = u'(c”))

(

( Oe

0b

Oe
ob

;

"

e loce af \=
=) 5w o)

() - (868

() - (a;

b
ge R
ey e (=) TE,|.
+u'(c”) - [n (8b> 0

Oet Ob

N

)
-

on" (86fj>ge on®

U
8651

Oe

S

.(?eghf

TV
direct effects

N

. n—"
(I=71=mn)

8 Onv ()\ )
I (2p o aF
f

ke
q

kb
f

O¢¢

on® (8eg)ge on®

s

N [@ _ (8eg>ge+ Oeg (862)@ N dcv (863)@1 on*
o\ 95 b\ e o6\ dev Deu
indirect effect
b ) O
direct effects
N [8_5 . (aeg)ge N dey (86§>ge N I (86§>ge:| On®
o\ as b "\ De a6\ dew Dec

&) -G (%)

N

TV
direct effect

{ae;‘

N

L0ct 0
ob  der ' b

~
indirect effect

ocv  Ic¥

of

. Oe¢ * 0b

I

ocv

.

J/

TV
indirect effect
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00\ _ 05 (08"
0b b \0S

N————

direct effect

Ocy 0c" e Ocv  0c"] [0\
b der " Ob dec | Ob | \ 9w

TV
indirect effect

E.7 Optimal Ul under Optimal Lay-off Tax

From the FOC of Ul, 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 con-
dition in unconstrained firms is equal to zero. This is also fundamental for the optimality
condition for the Ul benefits:

(1—n)- W d) —u' () =X (1—p)- (1 —n () ) e (_ ' (b) )

n uw(ev)

+Ac-(1—p)-(n~1

The Lagrange multiplier for the separation condition of unconstrained firms is equal to

)\ec p 1 /\0 A
——— == (&) e | (1 ————= ] =)
ns - u/(cw> A 9(63) ag%wc(eg) [ < + e u/(cw>> f

Ae < b 1A 8WE)

(@) \Tn T ge) p o
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First, let us find an expression for A.:

oL u
o =~ ((1 R ReT P ey

_|_

u(Csiw(€)) —u(b) u"(c")
u'(e) u'(c)

Insert Lagrange multipliers for separation condition:

(0-n-0-in 200 e
) Y

—(1=n)-(1=p)-(1-p"- (1 — (L =n) U(CZ/)(;U;L(()) Z/’/((SZD
p- (=) (1) u;;;u()b) ' ZI//((Z:)) A

Rearranging gives:
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85‘501:&1
ocv

aW Etotal
C Oew

L g€ mu(e) - b

0= XNg-

+ >\c
O€

+
ocv?

with

astotal .
e [p(l —p")

and

aW Etotal
dcw

o p . b 1 A OWE
+ 950 e Ac(nn+ > )

Next we can solve for the Lagrange multiplier of the wage equation:

~ >

. 1 862 p c s 1w
)\C__(BWE)tOtal [acw 'X'g(€s>.n 'U’(C >.

dcw
astotal
i <_ dcv ) .)\0]

Now we have everything to calculate Ay from the two equations:
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1 1 1
(2) X =T g u,(cw)~[W—(Av—fn)‘<x(1—p)ka)1

11 Ve L M=TY),
e M )+(1—n 7 > )AE
1.1, oawve 1
+u w'(cw) “° 00k,

11
_E.W.]Ee

Note that

(1=7)q= %
This follows from the fact that:
PO =at6) +6-40) =) (1+ 700) =a0)- (1)

So we can write:

i () (i B (1o ) )
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OWE
+ (A +IE,

Inserting A, [ Ey gives
1
T On )y ()| Ty

=) g ((1 T '%* <H nsuk’?cw>> ;>
p
A

OeC total
pal(eyn e (<55) ol

O total,2 oS total
T (_W) | <_a_>

+u'(e?) -n® - (1 + As ) - TEy

nsu'(cv)
OeC total
(‘ o0 ) -

B aeg + 8Lw total . B 8€§
00 06 Oc®
+ B aeg ' an ‘ _@ total + acw total . 862
00 O¢¢ on Oe¢ Oc

with

, on 0c”  O€
IO BF B e

Hew total:2 Hew toral
(5)-(5)
. (_863) | <(9n | <_8Lw>total+ (acw)totfﬂ)
00 Oe¢ on Oe¢
. on Oc®

+ £1(0) af on

This allows us to calculate the Lagrange multiplier for the job-creation condition

M- Xg=1'(c")- %“ ((1 _2)_(17— n) _%+ <1+ nsu)'\?cw)> ?)

o . 8€g total . D A
ey (<5) el B

+u/(c?)-n® - 1E,
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with

1 1k
M—[V—(/W—f'n)'x (1—:0)} =0 F
af b
(- 7)
862 total . A
+(89) ~g(€s) - X }b
Ot total 35 total
- (W) ' (_0_>
+1E,

Note: % denotes the general equilibrium effect of an increase of the joint surplus on 6:

N _ L
S ) M

Rearranging for Ay gives:

e () (S )
+u,(cw).( aEC)ge one

86‘3']"
(e ( )

5%
) (3)”

Note that

(@

Further define:
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Finally, we can calculate the Lagrange multiplier for A, by inserting into As:

1 [0 (9N (9N b A
)\c_ (ﬁ)total[<acw+(acw) . (85> >Xg(€s)n 'U(C )?b

ocw

o9 total af ge n—-y k;v /\9 b
() () e (i) 1)

Simplifying:

B u'(c?) e\ ¥ In* [\ Dec\* Onc A
hem [ (28)" 2 (oar) + (22)" -

Ocw

of \* n—" ke b\ . [ 00\* -
*(‘87> '“'((1—v><1—n>?+?)+”'(‘aﬁ> e

Following the same arguments, we can express the Lagrange multiplier for the separation

condition as:

u' (") Dev [ In"\* [\ on\ % A
Age = ————————— > | =b—A\F - =b
- (M)W [862 (863) (f ) " (&2) f

OeS

E]

oct® af \* n—- k, b oc® 90 \* .
o (o) (i o) e () e

For convenience, the optimal Ul benefits are replicated here:

(1—n)- (W (b) —u'(c")) =N~ (1 —p)- (1 —ny uqf/(g)) : (_uif/((cl;)))

n

o (i)

St
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Inserting the Lagrange multiplier gives

(1—n) - (u'(b) —u/(c")) =u'(c")- [(_%)ge.u. ((1 _777)—(17_ n) %+;)

N deg\** On° -ib
0b oe¢  f

L a0NE

with

e \* Onc [0 \* 8nc+ 98 [ Oe; ge+ ac” [ 9eg\*] one
0b dec \ Ob O¢¢ ob \0S 0b Oc® Oe¢

.

direct‘,effects indiregtr effect
% 8¢ B @ _ﬁ 8¢ . e Oc® n oc® of \*
ob) — \ 0b oS ob 0O 0Ob dcv
direc?,éﬁect indireztreffect
A0\ 9S [90\* N dec dc* N dc 00 \*
ob - 0b oS ob O ob oc®
direc:reﬁect indireZtreﬁect

Inserting the Lagrange multiplier gives

(1-n)- (u’(bl/zcz’)(cw)) _ (_%) N

0ec\* onc . . 00\* -

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 M LS" = 0, bolstering the fact that optimal lay-off taxes can implement the

optimal number of separations.
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F Ramsey FOCs with STW

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, )\, denotes the Lagrange multiplier for the total employment equation, \,. for the
number of unconstrained firms, A, for the number of constrained firms, \,s for the number
of firms that received a shock, Ay for the job-creation condition, A. for the wage equation,
Aew for the separation condition 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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F.1 Employment

oL 1-p

55 = A b (L= ") - (u(e) = () - )
O SR O
]-_p c B _ A C —
(L= ) A+ S(1 =) Ane =0

oL

3n“__)\nu+)\n_0

oL

anc__)\"c+)\n—0

oL
+'(c”) - [(z =) +b+0- k] —u(b)
(1-p) b b
o Al =) 5 A

e M @) O+ - Qb0 k) — O

u'(cv) ! bl
l—p b A b A
=t +(L=p)- 5

A n? o (ev) /(e

F.2 Job Creation

Before we start, let us define the Insurance effect:

Ao ~
TE. —ns - 1wy | 1 7 ) .J]E
p =n’-u'(c") < +ns,ul(cw)) 9

~ P
[Ey==%

/Ep % . u'(c(e)) —u'(c*) 4G (e)

max{&¢,€estw }

max{estw,€5 } é L ul<Cstw(€>> - ul<cw) .
v/ U wey 09

c
s
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The FOC for the labor market tightness can be written as:

Z_g:—kv(l—m~u’(c“’>+IEe+(1—v>~q(6)'(1—n)%ns
1 Ao 1 Ay — fn 1
/7 1/ w c ]‘ A'Y_f
_(/\?u(cstw<€s))+(1_n f >n))\€§
Vi wieeyy 4 b 1 M- f
(I (1 2 ) 0)
OWE
BT
A 14Xk
— W)  1—v ¢
) 1 1
with X:(l—n)-u’(cw).f
1 1
= (e (0= - )

- n)1. i ()\ : %u'(c};;w(eg)) + (1 i N Mf— f) ) e

Ui
- n)1' i <)\ . %u’(cw(gg)) + (1 i z Mf— f) n) e

Ae OWE
0T e e
NEEREl

Collecting terms from FOCs for employment and job-creation conditions gives:

o w 1+X kv_l—p — ") (ulc®) — _u/cw v
() :'?_T.(l p*) - (u(c”) — u(b) —u'(c”) - )
BB ) (0 = ) — () )
1—p b N L=p A b
S5 ()
T A=vf+x(—f) k
+u(c)~T-(z—Q+b+ 1—~ ;)

109



Optimal Job Creation Condition:

1—7v E A
1—p b )\9
* A ononf-u(ev)
1—p b Ae+ A
* A non u'(cv)

L—p A=vf+x(A—f) ks
A 1—7 q

+

Subtracting the decentralized job-creation condition from the optimal gives:

n—r Ik XN+n-A-A\ 1—p
1-n) 1—v ¢ n® - u'(cv) A

A

Rearranging gives:

n—" 1k, Xo+1 A A e
X_ . P— 1+ . ; " . f
l-n) 1-v ¢ ns - u'(c) +(1—=p)- 5

P

ns - u'(c?)
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F.3 Lagrange Multipliers for Separation Condition

Optimal separation condition unconstrained firms

_oc
Oev
" / u(c®)
= - (1 — u wy . Uy _ () (e _w 0
=, (1—p)-gley) -u'(c") (z(es) (e") e (2 + ))
l—p . o o, w(@) —ub)
o A 9(€;) {Z<€s) Q(e;) W)
_ L—n b A — 77f @
n L=n q
OWE  1=p iy ps S (!) |
+ )\c . 867; A . g(ES) n )\?’L“ + )\eg, 861; — 0
Insert for A\,u:
1—
= gl
uy u u(cw) — U(b) w )\n“
z(€g) — Q(ey) + o () = (249Q) u’(cUJ)]
)\9 1— P u _ u 1—n
’LLI<Cw) A g(es) Tstw (h hstw(es)) + - b:|
. A OWE Aew 0S4 (ed) 1 0
w(cw) et u(cv)  Oer
W opay W) —u®d) o, B Ao
= () — ) + () ¢+ b4 (A —q(0) - 0) e 0-c
Ao 7 w 1—n b
— m . (Tstw(h - h’StW(es)) —+ " b —_ n)

L 1 2+ A 1 OWE
(e T T TS g o,

1 A 1 08%.(e)

: : : =0
onteu(e?) 1—p ogler)  Oe
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Insert for A, :

= sl -+ O oy
+(A—q(9).9)~%+€-c
)\9 - u 1—n o E
~ ) (Tstw(h — ha(€)) + —— b n)

Ae 9+ A 1 OWE
new(@) \Tn T 1=p glen) e
Aev 1A 1 98Y, (e¥)

— . . -0
T w Top gle) o
Insert \,s
N u u(cw) — U(b) w
<:>Z(ES)—Q(€S>+W—C +b
A=vf+xA—f) ke
+ . —_
L=~ q
Ao - "
o ns - U,(Cw) (TStW(h - h’StW<€s)) - b)
T Ae 9 n A 1 OWE
w1 T = gler) oe
Aeu A 1 0S4 (€%
S . . . Stw S — 0
(e T=p gy o
Subtract decentralized separation condition:
7 n—y Lk
o (B — e (€2)) = b+ (A — Bg(0 ( _ ) k
ol = han(€)) b (A= a(6) - (x = =1 ) =
n Aey A 1 054, (e
ntou'(ev) 1—p gler)  Oe
_)‘9—'9.(7 (h = hau(€9)) — b)
ns - U,I(Cw) stw stw\Cs

Ae ( b A 1 OWE )

new(@) \Tn T 1=p gler) e
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Hence

0= (1 + —u,(cjs _ n)
(L-p/y) b o ’
. (b+ ()\ - f) : (,0—|— (1 — p) ] f/)\> : E - Tstw(h' - h’stw(es)))

A 1 )\615" . aS;fCW(Gg)

T g wew(en) T der
Ae b+ A 1 OWE
TR T T (e oe

ns - u'(cv)

<— 0= (1 + W) (f b Tstw(h hstW(Es)))
R TR N

1o e wow(e) de
Ae < b, A 1 8WE)

ns - u'(cv) TR —p glev)  Oev

And finally:

_ — 3 . 5% _(ev
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Optimal separation condition constrained firms

oL n o w . .
- [ et e ey - (e
ulew(€)) o
o) (e - (4 0)
. B . c cy c U(CS'JW(EE)) —U(b) _w(,c
+/\0 \ g(Es) |:Z<€s> Q(€s> + U,(Cw) ¢ (65)
_1—n.b+)\—77f.@}
n 1-n ¢
—_ )\c . aVV_E + g . g(ec) -ns. )\TLC . l(estw Z Ec) + M. - aSstw(es) -0
862 )\ s S €s aeg

Subtract decentralized separation condition (constrained firms):

o = I () () — )+ D) oy )
+§-g(€§) n® qu(Zw)
- s ) [ (= b+ )
+ u,?ccw) : 8;? L(Esw > €) + U?CM 95 58“%(65) 0
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Insert A\, and A,

oL

Oec

S

Bog(e) (e - 00) + Sy - 1 0)

Py s Ane
+ 3 g(€)-n’- <(>\ —q(0)-0)- u(c®)

—!—[z—Q—i—b—{—H-c]—ul/L((cbz)

1— b 1 b Ae

A n? w(ev) n? u'(cv)

A - 1—n
-t ) [ () 4

u'(c®) dec

Ae OWE
w(c?)  Oe

' ]l(estw 2 Eg) +

Insert \,s

o Zstw(€5) — Q(€g) + % — Cstw(€5) + b

dec

S

L=y q
Ao - .
o ns - ul<cw) [TStW ) (h B hStW(es)> - b]
Ae (77 b 1 A aWE)

ns -l (cv) P

+A—%f+x%A—ﬂ k

2 2R (e 2 &
n o e (6w 2 &)

pone-g(eg) wlev) O

=0

And finally:
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Analogously, it can be derived that
Age ¢ A A
_#:B. gc(£3>c . 1_|_—9 -l =-b
ns . 'U,/(Cw> by 65852555) ns - u/(cw) f

A b 1 X OWE .
A s ) ) e <O

s

F.4 Optimal STW Benefits

max{€estw B
aijw = § -n®- /6 (W (cstw(€)) — (™)) (h — hew(€)) dG(e)

c
s

. g | /maX{estw,GS} (u’(cstw(e))w—) u’(cw)> (7~ haw(€)) dG(e)

€5 ul(c
n*-(1—p) , . 09 (1—p) 09 OWE
)\ ¢ (C ) aTstw )\9 )\ 87—s‘cw )\C aTStW
oS (e¥) 0S5, (€5)
_ )\Eu . stwi\~=s/ )\EC . stw\*-s — O
° aTstw ° aTstw

Insert Lagrange multiplier separation condition:

L N e e el ) =€) o
<1+ns.u/(cw)> ()\/E W (co) (h — hsw(€)) dG(e)

s

(- ). o0 B Ao . OWE
p OTstw n® - u'(c”)  OTstw
(1-p) 9
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Finally:

A
Tstw = —b
I
Fiscal Ext.
IL{Es‘cw 2 Ec} p /€stw (u,(cstw(e)) - u,(cw))) 1
+ oY — S .ns._ h—hswe dG€
g0(p) )\ . U/(Cw) ( t ( )) ( )
Inerrance
n® 1 09
- a- + BE,
op) A ( p)aTstW A/t—i
N -~ “  Bargaining Effect

Distortion

_ p . ©(p) 5
Totw = Tetw (R — Pstw (€5 )) + Tetw (N — st (€5
t (p) t( t( )) g0(})) t( t())
where
(1—p) et P Oe
u — u . S S C — :H_ stw > C L. C . S S7
© 3 g(€¥) e (Estw = €5) 3 g(e€s) Oro
o=+
and
1
BEyy3 = ————————
" (1 + nsu)\’?cw))

X

_ Ae 8WE+<p_" Ae ( E_{_ 1 A 8WE>
enfu' () OTsw néu/ (V) T ger) 1 —p Oev
oA, b1 AOWE
e nsul(cv) (nn * g(e) p Oes >

F.5 Optimal Eligibility Condition

Assumption throughout: €@ > €y > €V

Further assume that:

n® () +Xg—n- A >0, n® ' () 4+ Xg >0
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These conditions exclude the case that the Planner would want to use STW’s hours dis-
tortions 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 & > &Y.

Case I:
FOC for the eligibility threshold:

a£ _ s I/ w 1_p u aQu 1/ w
g~ " u'(c") 5y (1—-p") aeSth(C)
1—p 09,
— —n- P2 ).
(Ao —1m-Ae) y (1—-p") e
——(n® (™ _ 1=p g . K
=—(n"-u(c") +Xo—1n- ) 5y (1—p") e

Under reasonable parameter values, we get:

oL

aestw

< 0 thus it is optimal to set ey, = €, .

Case 1I:
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FOC for the eligibility threshold:

OL . 9%
86stw B aEStw
n 1w
+1— 'p'g(estw) 'u(c )
—p
: (Zstw(estw) + U(Cz,“éif;;w)) - Cstw(estw) - (Z + Q)>
(1-p) vy
. (1 — .
+ )\9 A\ ( p ) 8€stw
+ g ° g(estw)
U(Cstw(estw)) - U(b)
. [Z(estw) + U,/(Cw)
- Cstw(estw) - n b + 1— n : E]
OWE p s !
B >\C . aestw + X ) g(EStW) n )\nc > 0
Insert n*
5’£ . s u 1 —-p aQ’u /(W
aestw__n (1_p) ( A ) aEStW U(C )
s, P Y . (st (Estw))
+n \ g<€stW) u (C ) (’ZStW(EStW) - u/(cw)
—n g +g(Estw) (") + (Cotw(Estw) + 2 + Q)
g(estw> . o o aQu
0 25 (-1 ) g

+ § - g(Estw) - (Zstw<€stw) + o (€stw)) = u(b) — Cotw(€stw) —

u'(ev)

)\_ * k:'u
g
L=n q
OWE !
' aestw * g ‘g(EStW) .ns 'Anc > O
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o8,

aestw

& — (- () + Ng) - (1= p") - (?)

el + 2D )4 )
+ 5 glew) [zstw&sm) + “<C“W(§“{;l))_ MO lean)
Clem o A-nef (lg)]
n 1—n q
- %VEVTf 20

Insert A\, and subtract decentralized separation condition for constrained firms:

by (1-p) 00, 1
- (” n&u'(c%) Ty T B o)
b u<cstw(€stw)) - u(b)
+ X . |:b + Zstw(estw) + U,/(Cw) — Cstw(estw)
A S-S (@)}
L=n q
Ao p

Y [Tstw : (h - hstw(estw)) - b]

)\c OWFE 1 8Sstw(estw) P b !
ns - u'(cv) (3€stw 9(€Estw) O€stw + A il >0

Subtract decentralized separation condition:
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Inserting for (x —

=

~(1—p")

U(Cotw (€stw)) — u(Cstw (€5))

o, 1
86stw .g ( 6stw)

Cc

Ao (1-p)
— (1 .
( +ns-u’(cw)> A
+ g : Zstw(estw) - Zstw(es) +

- (= e (€)) £ b (1= p) - (A= f) - (x

N
ns-u'(cv) A

—Tatw * (B — hstw(€5)) + b

p

3 |:Zstw(estw) - Zstw(eg) +

u'(e®)

n—=" Ik
_1—n)'1—7'3
U Cotw (€stw)) — U(Cotw (€5))
u'(cv)

. aSstw (estw) g .

B Ac <8WE 1

ns - u/(cw> 8Estw g(estw)

1-n

three cases:

(A)

p
g(estW) ) X

U(Cstw(estw)) B U(CStW(eg))

b !0
aestw A nﬁ)>

-n®- [Zstw<€stw> — Zstw(€5)

A C
+ u’(cw) -+ ? -b— Tstw * (h — hstw<65))
1—p o8,
o (1—=p)- BE
>nt e ——-( p)a%w+
Vestw ID CaSE 2 = €gy = &o

S

glesm) - 51" | zolEst) = Zat(€5)
u(cstw(estw)) - U(Cstw(€§>> A c
+ u’(cw> + ? “b— Tstw * (h - hstw<€s))
1—0p o,
s, P o1-p). BE
<n’ == p)a%w+
Vesw in case 2 = €qy = max{&;, L}
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=1 . ﬁ . % gives us the final condition. We can distinguish between



: ns : Zstw(estw) - Zstw(eg)

>3

g(estw) :

u'(cv) f
s 1—0p 0,

=n 'T'(l—l))

n U(Cstw<€stw>) - u(CStW(EE» + é . b — Tstw * (h - hstw(eg))]

. BE
aestw *

BE is defined as:

BE = stw) *
g(Et ) ul<cw) aﬁstw g<€stw) 86stw

/(i)

oL

aestw

Ae ‘<8WE. 1 .8Sstw(estw)+n‘b)

Case I1I:

= glean) - 5 1" (ulcsnn () = ulelen)

— (") - [Cotw(Estw) — C(€stw)] )

e
8€stw
20+ 5 (lesn () = ulelea))
- ul(cw) : [Cstw<€stw) - C(estw>] )
1—p 09
B /\0 . T ' aestvv
- OWE 20
86Stw
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A 1—p 99
1+ —20 ). 0 BE
< (Jrns-u’(cw)) ( A " aestw+ )

! Ao D
> (1 - 7 ] .= .ns
- ( * ns - u'(cw)) A 9lestw) -1

u(eanlen) — ulele))
Cstw (Estw) — C(Estw) (<)

- [estw(€stw) — c(Estw)]

)\ aestw B A
cbtW €5tw U(C(Estw)) . /(Cw)
cstw 6stw - C(Estw)
w(ev)
Cstw 6stw €stw>]

If the equation holds with strict inequality, the cost of hours distortion exceeds the benefit of
providing additional insurance to workers in constrained firms. Consequently, the Ramsey
planner chooses not to allow firms and workers to enter short-time work (STW) when they
could survive without reaching the threshold ey, = £. Conversely, if the equation holds
with exact equality, the STW threshold 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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F.6 Optimal Unemployment Insurance with STW

From the FOC of Ul, we can derive the optimality condition of unemployment insurance:

L-n u’(b)>

n u' ()

(1= ) - ((B) — () = Mol — p) - (

+ (A + A + Aea) - (_uqf'((jzu)))

+ Ae(1 = p) - (n-l_TnJr(l—n)-ulfl(gg))

To get better insight, we need to determine the Lagrange multipliers for Ag, A.. We already

know the Lagrange multipliers for the separation conditions:

ns - u'(cv) A 553(%#56?)
Mo A _ )
O
n Ae b n 1 A OWE
ns - u'(cv) T gler) 1—p  Oev
A P 9(&) Ao A
__ e P96 (1, 2
ns-u'(c?) A as%vgc(ﬁs) + ns-u'(cv) ) f
1 A OW

Ace b g(ﬁc) o A _
R E— S . 1 [ . . _sw'h_hswc
ns * U’(Cw) >\ 8S:tw(eg) _'_ ns . ul(cw) f T. t ( t (68))

€
LA b, 1 A OWE Lew > €)
new(er) \T'n T gle) p o€ ot =

First, let us find an expression for A.:
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o e g
=g g (1 - U )
_(1_p)'(1_'pc)’(1_”)'u;};i()b)'Z/f/écC:))' A
e =L I
CCIETUN T
el ) e A =0
Tnsert Lagrange multipliers for separation conditions
~ (pa— ) M 1y L
e (R I N (R e )
e —uld)
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Rearranging yields

astotal

0= Xg-

Oe?
* dev
9¢;
e
O€

+
oc¥

+

with

astotal
dcw

and

aW Etotal
dew

oc¥

1—p

> >3

ac
L5

aW Etotal

' OWE
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Collecting terms:

_1 867; 1_p u S 1/ w )\ - u
A = (aggwE)total [acw ) A ’ g(Es) no-u (C ) (? b — Totw - (h — hstw(es)))
a g c S I/ w A c
+3%§ g(&$) - n® -/ (c )(?'b>'1(€smﬁfs)
O P v e e (A _ . )
+ Py ~g(€) - n® - u' (") 7 b— T - (7= et (€9)) ) - 1(eutar > €€)

aS‘notal
+ 1 - A
( Ocv o
Insert A. into the Lagrange multipliers for the separation conditions. To do that, let us

rewrite the Lagrange multipliers of the separation conditions:

o 1 s / w p u )\0
>\51; ——W(n 'U(C )'X'g(es) <1+n5-u’(c“’)

. @ b 1 (o — hstw<ezf>>)
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“\ Dev on Oet

_ﬂ'(GStW§§§) s 1w p c )\9
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]]'(EStWZEE) s 1w p c >\9
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>

stw.

c
(55

(3 G i)

L on ([ OWE +(’WVE
“\ dec on O¢¢
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Inserting \. gives:
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Now we have everything to calculate Ay from two equations:
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1 — . L (2 ey 2

1 1 1 1
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Note that

with

= q0)-(1-7)
Inserting x gives:
CRCR Y S p>~ﬁ~7. :
=) (G) o (= s+ () 7)
+ 50— fnme
(3 veen+ (1 ) ) e o)
(3t + (1 ) ) ke ca)
L NEY
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Insert Acu, Aec, A¢e, [ Eg:
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This allows us to calculate the Lagrange multiplier for the job-creation condition:
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) el 5 (G0l bl
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with
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Note. ﬁ denotes the general equilibrium effect of an increase of the joint surplus on 6:
20\* 1
o0s) M

Rearranging for Ay gives:
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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 Ul benefits are reproduced here:
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Inserting the Lagrange multiplier gives:

| () () (= )

+(%ib)g gf %.b_Tstw-@—hstw(eZ)))
+<%§>ge.g_g§.%.b (e < )

+<<9a€b"> .g:; (%.b_fstw (h hstw(eg))> L(€stw > €)
+nf —%)ge IEy

with

Oey \* on _ (O0ey\*™ (On
o) aa \a) \oe

TV
direct effects

_S 86“ 8¢ @§§ dc? ge+ e [ Dc* ge+ ac® (e \*] on
Lo b \ aee o \ e o \aev ) | oe

~
indirect effect

137



OENE an [0\
(%) 'aﬁg_ﬂab) (asc)

dlrect effects
N @ agc ge
ob \ 0S

( Oet

5 (5) 5 ()]
e ob \ocv )| oes

1nd1rect effect

0e\* On [0 \*
) o \ b aec

~
direct effects

N a8 [ Oe; ge+8e§ ac® ge+8§§ v ge+8ﬁ des\| on
b \ 95 o \ e o \ o o\ )| e

~
indirect effect

direct effect
I L O A R T
ob Oer ' Ob oge  9b 0 ab | \ dew

TV
indirect effect

_on\®_os (o
ob ~0b oS
—_———
direct effect

N 863'801”_#0{5.80“’_1_865_80“’_‘_@ (90N
ob  der I I Ob  de¢ Db v

~
indirect effect

J/

G Proof of Lemma 1

Separation condition: unconstrained matches

U u(cw) B u(b) w 7 u >\ -1 f kv _
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Separation condition: constrained matches
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Remember: L
Cstw(e) = Zstw(eg) + Tstw(B — h(Eg)) + - ED

This allows us to rewrite the separation condition of constrained firms on STW as:

ulCow (€5)) — u(b) 7 ey L A0S ke
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T.b.s.: € > ¢ (the proof for £ > ¢ is completely analogous)
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W

& [W'(c) —u/(¢")] de >0 v (due to risk aversion)

Cstw(e)
H Optimization

We rely on gradually refined grid search of welfare, as given by Equation 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 0 and 1.

For F', Tyw, and €4y, 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 0 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.

—— LOWET Tety - 0.960
0.86 1 ——- Upper Tetw e

0.955

0.82 4
0.950

Estw

0.80

0.945
0.78 §

0.76 4 0.940 4

Lower &stw

0.74 1 Upper &zty

T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 1.0
P P

(a) Grid for Ty (b) Grid for &gy
Figure 4: Grid bounds for 74, and ey, across p € [0, 1].
The grids for 7y, and €4, 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
4.
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I Calibration

To calibrate the model, we solve the following system of equations for parameters, 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:

[y a4, P brep, 10

Endogenous:
— (& u w
cr,m, b eg €5, ¢’ w

(D

p=(1=p)-G()+p-G()

(I1)

) —u) o Auf
. IR
(I11)
ke o,
Ozz(ep)—l—)\-;—c
(V)
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(VD)

(VII)

(VIII)
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