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Abstract

We analyse the short term work (STW) regulations that sé@HE&£D countries introduced
after the 2007 financial crisis. We view these measures alsegtion of real options and study
the dynamic effect of STW on the endogenous liquidationgiewiof the firm. While STW
delays a firm’s liquidation, it is not necessarily welfardnancing. Moreover, it turns out that
firms use STW too long. We show (numerically) that providdrsapital benefit more than
employees from STW. Benefits for employees can even be mega&itypical Nordic policy
performs better than a typical Anglo-Saxon policy for adlk&tholders.
Keywords:Temporary unemployment, Real options, Dynamic cost-beaeféilysis
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1 Introduction

Many commonly-used economic policies have welfare effés depend crucially on economic
agents’ timing decisions. As an example take short-timekw8TW) arrangements, which are
used to reduce the number of lay-offs in economically chaileg times by temporarily allowing
employers to reduce the hours worked by their employees tvaigh there are many differences
in the precise rules governing STW in different countries(sas eligibility criteria, duration, etc.)
the basic idea is similar: rather than laying off workeran&rare allowed to put employees on
reduced hours. Affected workers are compensated for thétiresloss in wage income, partly by
employers and partly by the governmént.

In order to make a full welfare analysis of an STW policy onedgeto know by how much
both the costs to the government and the benefits to the veoskewuld be discounted. Both these
discount factors depend on the timing decisions of the firfmen(if ever) it enters STW, when (if
ever) it exists, when (if ever) it liquidates. These decisidn turn, will depend on the underlying,
uncertain, state of the economy as relevant to the firm. Témpdinted costs and benefits of STW
will, thus, depend on firms’ timing decisions under futureetainty. To facilitate the analysis of
STW it helps to view it as providing the firm with a collectiohreal options First it has an option
to enter STW. Once this option is exercised it has an opti@itker liquidate or leave STW. If the
firm exists STW it again has an option to liquidate.

In order to value a real option of any type a firm must weigh tlagmal costs and benefits of
waiting versus those of exercise at any time. Therefore o#ons are not easily dealt with in a
discrete time model, because such a framework is typicaityioh enough to determinexactly
when and where the marginal net benefits of immediate acteacual to the marginal net benefits
of waiting?

This paper analyses three issues related to STW that haveadekressed to some extent in

the literature, but will be studied here in a dynamic stoth&samework that focusses on the

1In 2011, STW measures were in place in 25 of 33 OECD countrittstake-up rates being as high as 7.4% of
employees in some countries in 2009 (Cahuc and Carcillol 201 has been estimated, for example, that STW has

saved 5,000-6,000 jobs in the Netherlands alone (HijzeVand, 2011).
2This is essentially the same reason why economists modigy wii profit maximization on the real line rather

than the rationals: an abstraction that provides analyttiaetability.



incentives it creates for employers. First, it has beeneddAbraham and Houseman, 1995) that,
while from the employee’s point of view STW is preferable ay-offs, they are close substitutes
for employers. However, since laying off staff is an (at tgaartly) irreversible decision, while
STW is not, the option of STW has economic value to the firm.

A second, related, issue is the concern that STW can leacetficient reductions in working
hours (cf. Rosen, 1985) for which some empirical evidenceldegeen found (Cahuc and Carcillo,
2011). We find a theoretical reason for this inefficiencykdid to the option value that STW
presents. Most countries have provisions that precludesfiram signing up to STW if and when
they like. This adds a degree of irreversibility to the dierido leave STW once a firm is using it.
This irreversibility, in turn, creates an option value ofitvay, which gives the firm a disincentive
to return employees to full hours. This effect is driven i@y irreversibility and uncertainty
over the firm’s prospects and affects even risk-neutral firms

A third question is related to who benefits most from STW. Tleasure is usually introduced by
appealing to the advantages that it has for employees. dn@&3IaN delays or prevents employees
from being laid-off and, hence, reduces the present valilkeeo$unk-costs of being made redun-
dant, estimated to be some 11% of life-time earnings (Dawisven Wachter, 2011). However,
STW is also beneficial to the providers of capital and shddsns. Providers of capital benefit,
because they get fully reimbursed throughout the STW peBbdreholders benefit, because STW
gives them additional options in managing the firm, whichehayositive value.

Our findings are that, firstly, from the firm’s perspective S@M liquidation are not close sub-
stitutes. This is because liquidation is irreversible, le/hising STW is not. So, STW gives the
firm additional flexibility to deal with unfavourable econawircumstances, which has economic
value for the firm. Secondly, from a social welfare perspegctirms use STW too long. This again
is related to the option value of STW: leaving STW is an irrsilde decision. This irreversibility
gives the firm an option to use STW longer than it otherwiseldiothirdly, in numerical simu-
lations we find that, on the whole, the providers of capitalddg more from STW than providers
of labour. In addition, all interested parties (providefsapital and labour, and shareholders) are
better off in a typical Nordic programme as opposed to a sigdnglo-Saxon programme. Finally,
the benefit-to-cost ratio is significantly below unity, iodiing the importance of a stochastic dy-

namic approach to analysing measures like STW. In generéihgdehat the benefits and costs of



STW measures are very sensitive to the policy’s parameiersheat no clear policy prescriptions
emerge. This point is also made in some recent empirical worBTW measures by Boeri and
Bruecker (2011). Our numerical results are based on STWranomes as they are run in several
OECD countries.

The paper uses a real options approach to the analysis ofployment insurance by focussing
on the effects of irreversibility and uncertainty on thewneabf STW measures to the firm. The
use of real options analysis is well established in the amatyf economic decision making. Since
the seminal contributions of McDonald and Siegel (1986) @it and Pindyck (1994) there has
been a burgeoning literature on applications of the reaboptapproach. For example, Abel and
Eberly (1994) use the framework to analyse optimal investnmethe production factors in a firm,
Bar—Ilan and Strange (1996) use it to investigate the caresges of construction lags on optimal
investment decision. In a recent contribution, Kelloggl(20gives evidence that the decision rules
that theoretic real options models prescribe are consigtiéimactual firm behaviour.

Not much theoretical work has been conducted in the use of 8ltfdmpen the effects of the
recent recession. Some contributions, like Bentolila.g28l12) focus on labour market flexibility,
in particular the use of temporary workers, as an explandtiothe different effects of the reces-
sion in different labour. markets. To our knowledge, ourgrag the first that applies a real options
framework to STW. Much of the literature on STW (see, foreregke Blanchard and Tirole, 2007
for a recent contribution) focus on the effect of unemplogimesurance and protection on optimal
wage contracts between employer and employee. We choose model the workers’ side of the
labour market at all. There are concerns that STW undulyratdgas insiders although there is no
conclusive evidence that this really takes place (CahudCardillo, 2011). In addition, it can be
argued that during times of economic hardship, which STWsuess are designed to alleviate, the
labour market will not be very “liquid”, making it differerior employees to switch jobs. Finally,
a focus on the firm allows for analytical solutions and a cleaterstanding how irreversibility and
uncertainty drive the value of STW.

The paper is organized as follows. In Section 2 we set up theéehand derive the firm’s
optimal policy by valuing three subsequent (real) optianplied by a (stylized) model of STW.
The effects of STW on liquidation probabilities and welfane analysed in Sections 3 and 4,

respectively. Some concluding remarks are given in Seétion



2 Optimal Use of Short Term Work by Firms

As mentioned in Section 1, the details of STW measures vargtaatially across countries, al-
though the main idea is the same: employers can put staffducee hours, while the government
partially compensates for lost wage earnings. In this seatie will study the effect of STW on
the firm’s liquidation decision. The main idea is that STW\pdes the firm with an option to
postpone an irreversible liquidation decision. As far asdbtails of the STW measure, we make
the following additional simplifying assumptions. Firketfirm can use STW only once, second
the option to use STW is infinitely lived, third the use of ST\Wed not involve sunk costs and
fourth the firm can decide itself when to stop STW.

The second and third assumptions are, arguably, the mosalistic ones. Both are made
for technical convenience and can be relaxed. However, wpéons are not infinitely lived no
analytical results can be obtained, although it has beewrslioat even for moderate finite life
times the (numerically obtained) solutions are very simitathose obtained analytically under
an infinite time horizon (Gryglewicz et al., 2008). The asption that the use of STW does
not involve sunk costs speeds up the decision to avail of SIMé is a standard result from the
literature and the same intuition applies here as well.

Our assumptions imply that the firm has three subsequertreptiFirst the option option to
enter STW. Second, once entered, the firm has the optiony é&i(iSTW and return to normal
production, or (ii) to liquidate. Third, if the firm decided ¢xit STW and return to normal produc-
tion, then it now has an option to liquidate. These threeomgtiwill be valued successively in this

section, starting with the final one.

2.1 The value of an active firm that has already used STW

In this section we analyse the value of a firm that is curreathyve in a market and has already
used STW. Such a firm no longer has an option to enter STW andilvassume that the only
option that is left to the firm is to liquidate at a time of itsodsing. Liquidation implies laying
off all workers and retiring all capital stock. We make thédwing two simplifying assumptions.

First, upon liquidation the firm does not receive a scrap evdu its capital stock and, second,

3See, for example, Dixit and Pindyck (1994).



liquidation does not involve sunk costs. These assumptianseasily be relaxed, at the cost of
more notation, without qualitatively changing the conadas of the model.

The crucial ingredient in our model is that the evolution lo¢ firm’s revenues is subject to
uncertainty. Uncertainty is modeled on a measurable sface”). We consider a family of
probability measureB,,, y € R, on (2, .%#). A particular firm is assumed to have a cash inflow
that is given byQ yY, where(@ y is the production level of the firm and is the stochastically

evolving price level, which undét,, evolves according to the geometric Brownian motion (GBM),
dY, = pYidt + oYidz, Yy =y, Py-as.,,

where(z;):>¢ is @ Wiener process. Information is modeled by the filtragjenerated by this GBM,
augmented with the,-null sets, and is denoted Ky, ).

It is assumed that under normal conditions the firm produagsaatity )y at a costcy, and
that it discounts profits at a constant rate ;.4

The present value (undéy) of an operational firm without the liquidation option is

Fx(y) =E, { /0 e QY — ) dt} _Owy _con

r—u T
The firm’s value with the liquidation option is the solutianthe optimal stopping problem
Bt =sw €, | [ (@i )]
0

TEM

(1)
:FN(y) + sup Ey [eim—(_FN(YT))] )
TEM
where.# is the set of stopping times relative to the filtratio#;);~,. Because the planning hori-

zon is infinite andY;),., is strongly Markovian with continuous sample paths (alse) dptimal

>0
policy will be to liquidate at the first hitting time of an englenously determined triggefy, i.e.
at the stopping time (Yy) = inf{t > 0]Y; < Y3 }.5. The optimal stopping problem ( 1) can,

therefore, be formulated as a maximization problem ovethreshold:

Fy(y) = Fn(y) + 511/1}) E, [G_TT(Y*)(—FN(YT(Y*)))]

= Fx(y) +supE, [0 (~Fy(Y7)).

4This assumption ensures that the present value of profitsiie fin our infinite horizon model.
5See, for example, Stokey (2009)



The Laplace transform of GBM can easily be computed via Dyskormula (see, for example,
@ksendal, 2000) as
—r7(Y* Y P2
e, [ = (52)

wheref, < 0 is the negative root of the quadratic equation

50268~ 1) +pb—r =0 2)

The positive root of this equation is denotedfly> 1. Therefore, the optimal stopping problem

then reduces to

Fily) = () +sup () (=Fx (7))

The objective function is continuous and concave so thabbayimaximum is attained df, oo},
which we denote by .
The following proposition can easily be established ustagdard techniques. Since the prob-

lem is standard, the proof will be omitted.

Proposition 1 A firm that has already used STW should liquidate at the firsinki time (from

above) of the trigger
o 1T —pcn
Yy = —.
N B —1 Qn v
The value of this firm, when the current statg is 0, equals

O

<

r r—p

Fyly)=q"" 3)
ify <Yy.

Ny _en g (YL)B o - ] ity > vy,
N

o

The value function in (3) has a straightforward interpiietat Fory < Yy, the firm liquidates
immediately and its value is, thus, zero. Ror> Y} the firm’s value consists of the expected
present value of always produciidgyy at costcy, corrected for the fact that at some point in the

future the thresholdy; may be reached. The expected discount factor of this evént i$y)~>.

2.2 The value of a firm currently using STW
Once the firm has decided to enter STW it has two, inter-rélapgions:
1. leave STW and return to normal production;
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2. leave STW and liquidate.

This problem has two aspects: (i) the optimal decision tiras to be determined and (ii) the
optimal decision at that time has to be determined.

The value of an active firm using STW with the two exit optioesctibed above, can now be
written as the optimal stopping problem

F3(y) = sup Ey[ / e (QpY; — cp)dt + e max{Fj{,(YT),O}] (4)
TEM 0

Of course, STW only makes sense if it allows firms to reducésdog lowering the wage bill
through reduced hours for its workers. Therefore, the peied costs during STW are assumed
to be constant and equal ¢ € (0, cy). Thequid pro quois that the firm will produce less than
before, say)r € (0, Qn). We will assume that, on average, normal production is mooétable

than production in STW.

Assumption 1 The production and cost levels in ST andcp, are such that

O > &. (5)
CN Cp

Essentially this assumption says that; is a more efficient production level thappy. If it is
violated then the firm may never wish to leave STW once it hasred.

The following assumption ensures that a firm that uses STWdaijes later than a firm that
does not. If this assumption is violated, then the STW padliogs not have its intended result and

would better be scrapped.

Assumption 2 For the unique solutio’y; > Y} to the equation

8,5y <QPY]:7_C_P) YH 51_ YH B2 _QPY]:}/(T’—,U) ; & Bl_ﬁ YH B2
Br— B2 \ 1 —p r Y3 Y3 b1 — B ! Yy 2 Y3

_ Qn —Qpy <}>H>B2 [CN QNY]TI:|

Yu + Bo
r—p

(6)



it holds that

(B2 — I)QpYJT//(T — 1) — Bacp/r & . i (1- 51)QpY]§k//(7“ — ) + Bicp/r & ”
B — B2 Yy B — B2 Y5

A\ B2
— . Y, Y
<QN QPYH+<H> [C_N_QNN}
Yy r =

(7)

It is intuitively clear that the firm decides to stop STW anger to the normal production
level once the procesy;),., hits an endogenously determined trigg&r from below, i.e. at the
stopping timer(Yy;) := inf{t > 0[Y; > Y}, or to liquidate onceY}),., hits an endogenously
determined trigget’;* < Y}, from above, i.e. at the stopping time tini€Y;*). The proposition
below shows that this intuition is correct and that the teiggare, in fact, uniquely determined. In
order to formulate the proposition we denote the expectaeev@nderP,) of operating in STW

forever byFr(y), i.e.,

Fply) =E, { /O T e (viQp — cP)dt| —

Proposition 2 If Assumptions 1 and 2 are satisfied, then there is a uniqggeriy;; > Yy, such

Qry cp
r—p T

that returning to normal production is optimal as soong$ is hit from below for the first time.
There is also a unique triggeY;* < Yy, such that liquidation is optimal as soon &% is hit
from above for the first time. The triggeY$ and Y}, are uniquely determined, together with two
constantsd and 4 by the equations

A + A(Yg)™ = Fi(Ye) = Fp(Ys)
OF}(Yh)  OFp(Yj)

BLAYE)P 4 B A(Yy)P ! =

dy oy (8)
AP 4+ A(Y))P = Fi(Yy) — Fp(Yy), and
R . OFp(Y7F
B + (vt = -2,
Furthermore, the value of the firm is
0 ify <Y/
Y VBLy B2 By * )52
Foly) + VW02 (]
£l _ (V)P (Yp)Pe — (YE)P (V) P .
Fply) = B1 (VB “\B1, B Y, <y<¥g; (9
b W Z W (v — ()|
(YR (Y )P — (Y7)Pr ()P
| () if y > Y.




The proof of this proposition can be found in Appendix A. Ndtat it is always beneficial to
liquidate later under STW than without STW, becabige< Yy

This value function again has an appealing intuitive intetgtion. The payoffs foy < Y;* and
y > Y7, are the payoffs of immediate liquidation and producing atribrmal level (including the
option value of liquidation), respectively. The value oétfirm in the region(Y/, Y};) consists
of three parts. The first part is the expected present valoewdr leaving STW. The second part
is the correction for liquidation at;*, multiplied by the expected discount factor conditional on
reachingY;* beforeY};. The final part is the correction for returning to normal protion atY’,

multiplied by the expected discount factor conditional eaahingY’;; beforeY*.

2.3 The value of an active firm that has not yet used STW

An active firm that has not used STW yet is confronted with thebfem of finding the optimal
time at which to exchange the expected present value ofrdysreduction for the value of a firm

that is using STWF'5. That is, the firm solves the optimal stopping problem

F*(y) = sup E, [ /O ' eTHQNY; — en)dt + e TTFR(Y,) | (10)

Intuitively, this problem should also have a solution tlektets the form of a trigger: enter STW as
soon as the process;),., reaches some threshadld from above.

In order to prove the existence of such a trigger we need teeraalkadditional assumption that
ensures that the expected revenue of STW is sufficientlgldrgparticular, there must exist states
of the economy (i.e. priceg) for which the expected present value of STW relative to radrm

operation fall sufficiently short of the expected preseu@af the cost benefits.

Assumption 3 The expected revenue of STW is sufficiently large. In padatiagtiholds that

- QN — Qp B132 CN —Cp
v r—p >(51—1)(ﬁ2—1) ro

where

v_|_ 1= Qv-@r|""
Bi(Br— o)A T —h

and A is as determined b§8) in Proposition 2.

)
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Figure 1: Triggers for programme entry, programme exit, dafhult as a function of average
production costs in STW. The base case parameter@ are: 10, cy = 8, r = .04, © = .03, and
o = .15. Note that in the base case the average costs of normal fiiralace .8.
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average costs in STW

Proposition 3 Suppose that Assumptions 1-3 hold. Then, in addition to feua triggersY;
andY7};, there exists a unique triggéf* < Y}, at which it is optimal to adopt STW. Moreover, the

value of an active firm that has not yet used STW is

Py =] s )
y:

c 62 " " c * - *
Loy ()7 [Fp(r) 9 - 22T] ity >y

The proof of this proposition can be found in Appendix B.
Proposition 3 only makes economic sense if it is optimal topaGTW before it is optimal to

liquidate. This is — indeed — the case:

Lemma 1 Under the assumptions of Proposition 3 it holds th&t> Y.

The proof of this lemma is in Appendix C.
In Figure 1, the trigger¥’, Y;;, andY™ are plotted for various values of cost reduction. It looks
like the liquidation threshold is only marginally influercby STW. We will see later, however,

that the quantitative effect in terms of benefits of STW canqée large.
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3 The Effect of Short-Term Work on Liquidation Probabilitie s

In this section we compute the probabilities of liquidatmfra representative firm over a certain
period of time, based on data for several typical STW pdiici@ order to do so, we need more
detail on the firm and how its production technology uses tioglyction factors. Let’'s assume
that the firm uses a fixed amount of capital, and a fixed amount of labouk,. The production

function of the firm is assumed to be of the Cobb-Douglas tyjbe @onstant returns to scale, i.e.
Qn = KL,

For simplicity, we assume that the rental rate of capitabisstant and equal i@ and that the wage
rate is constant ab. So, the flow paid to providers of capital (labour)j& (wL). Therefore,
cy = pK +wL. For a given production levé) v, the firm’s (static) profit maximizing capital and
labour inputs depend on the parametein particular,
L= (Lﬁ) ox, and K= (17" gy
l—yw Yop

Throughout this section we assume titatand L are chosen to maximize profits at production
levelQy.

A STW programme is characterized by a number of parameterst, there is the fraction of

worked hours that can be entered into STW, which we denote fhis implies that
Qp=K'"7[(1-a)Ll]”=(1—-a)Qy.

Secondly, the programme typically specifies the drop in thgewate, which we denote hy- (.
So, for each non-worked hour the employee gets paid a fra¢tidhirdly, the government usually
only takes on a fraction of the wage rate (after the reduction has been implemerealjing the

firm to pay a fractionl — 7. So, the cost flow of the firm drops to
cp=pK+(1—a)wLl+a(l—-C)(1—nwl=cy—a(C+n—C(nwL.

Cahuc and Carcillo (2011) catalogue the wide variety of SThtiices in OECD countries.
These policies differ in virtually all relevant dimensiosisch as duration, maximum reduction in

the number of hours worked), maximum reduction in salary paid ¢ ¢) for non-worked hours,

12



policy H a ¢ n
Nordic .63 .78 .17
Anglo-Saxon| .38 .62 .32

Table 1: Three typical STW policies.

ParameterH roou o p  w Q@

VaIueH 04 02 25 .06 .06 10

Table 2. Base case parameter values.

and maximum fraction of salaries paid by the governmeht in order to analyse different real-

world policies we group together the Nordic countries arelAimglo-Saxon countries and study
the average policies in these groups. We also look at thageeyolicy over all OECD countries

that have STW arrangements in place. The data are all obt&ioe Cahuc and Carcillo (2011).

See Table 1 for details.

We consider three types of firms where we differentiate betwine labour intensity of the
production process. In particular, we study the cases where25 (relatively capital intensive),
~ = .5, andy = .75 (relatively labour intensive). The other parameters vaare given in Table 2.
Note that all the STW policies in Table 1 satisfy Assumpti@r8 with these parameters.

For each firm we assume th@ty = 10. In Table 3 we record the normal costs of production
(cn), the profit maximizing capital and labour input levels @nd L), and production level and
costs in STW @ » andcp) under the different policies.

These typical policies lead to different thresholds andstldifferent probabilities of eventual
liquidation. The thresholds are reported in Table 4.

Figure 2 shows a sample path for the prod@ss ., which illustrates the goal of STW policies.
Here the current state of the economy is fairly low to stathwind if no STW were available the
firm would liquidate in about 1.8 years’ time. With a NordiglstSTW programme, the firm, along
this particular sample path, would enter STW after appratety 0.2 years, where it remains for
approximately 4.7 years. After that period it returns tomak production levels and, crucially, it
is still productive after 5 years. Note that after about 2rgdhe firm almost liquidates, but the

economy recovers in time to prevent liquidation from beimg ¢ptimal choice.

13



Variable| -~ Nordic Anglo-Saxon
25 || 13.1607 13.1607

K | .50 10 10
751 4.3869 4.3869
25| 4.3869 4.3869

L |.50 10 10
75| 13.1607 13.1607
25| 7.7992 8.8736
@p| .50| 6.0828 7.8740
75| 4.7441 6.8970
251 1.0529 1.0529

cy | .50 1.2 1.2
751 1.0529 1.0529
25| 9173 9787

cp | .50 .8910 1.0309
75| .6462 .8303

Table 3: Values related to the firm’s production process.

14



Variable| ~ | Nordic Anglo-Saxon
25| .0259 .0259
Yy | .50 | .0295 .0295
751 .0259 .0259
25| .0455 .0480
Y*1.50]| .0566 .0572
75| .0541 .0524
25| .0250 .0254
Y| .50 .0270 .0282
751 .0218 .0240
.25 .0887 .0966
vy | .50 .0840 1190
75| .1206 1127

Table 4: Triggers for various STW policies.

Figure 2: A sample path for the process), ., with triggers based on the base case firm scenario

and a Nordic-style STW policy.
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8
T
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In order to judge the efficacy of different STW policies, wailtbcompute the probability that
the firm liquidates within, say/" years, as well as the probability that the firm uses the STW

measure withirf” years. Assuming that, = y > Y*, these probabilities are (cf. Harrison, 1985)

P, ( inf Y; < y;) _ ¢ (— log(y/ Y5 + (.50% — M)T))

QNS S
02 Y oV'T |
and
o, (ogl<fTY; - Y*) o (—log(y/y*;/(;a? _ u)T))
L e {TR e (P

respectively, wheré(-) is the distribution function of the standard normal disitibn.
The probability of liquidation withiril” years when the firm can use STW can not be computed
analytically, because of the multiple ways in which a firm eaach the liquidation threshold.

Recall that the two possible liquidation scenarios are:
1. the firm enters STW at™* after whichY;" is reached befor&};, and

2. the firm enters STW &t ™ after whichY7; is reached befor&}*, and liquidation then takes

place as soon ds; is reached.

We obtain estimates of this liquidation probability by siating 50,000 sample paths.

For different values ofy andT = 5 these liquidation probabilities are reported in Table 5.
The probabilities of entering STW are given in Table 6. Aststg points we consider the initial
statesl.5Y} (relatively weak economy®Yy, and3Yy (relatively benign economy), based on the
thresholdY}; for the casey = 1/2.

Note that under the Anglo-Saxon policy it is more likely tlafirm enters the STW policy.
However, under the Nordic policy the probability of firm ligation is lower than under the Anglo-

Saxon policy.
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vy Y No STW Nordic Anglo-Saxon
.0442| .3706 3374 .3489
25| .0589|| .1624 1528 1520
.0884| .0346 .0288 .0494
.0442| .5026 4109 4481
50| .0589| .2428 .1866 .2108
.0884| .0600 .0406 .0494
.0442| .3706 .2288 .2982
75| .0589|| .1624 .0880 1245
.0884| .0346 .0152 .0239

Table 5: Liquidation probabilities (exact without STW, silated with STW) for various STW

policies.

y Y Nordic Anglo-Saxon
.0442 1 1

25| .0589|| .6718 .7392
.0884| .2630 .3055
.0442 1 1

50| .0589| .9488 9620
.0884 | .4594 4703
.0442 1 1

751 .0589| .8922 .8513
.0884| .4144 .3835

Table 6: Probabilities (exact) of entering STW for varioid/&policies.
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4 \Welfare Effects of Short-Term Work

In this section we compare the total value of the firm and tka thscounted stream of wages for
workers under different STW scenarios. In order to do so, aedrmore detail on the firm and
how its rents are split between the production factors, foichv we use the basic set-up used in
Section 3.

The surplus created by the firm (profit) is paid to the firm’s even The rental rate of capital,
p > r,is assumed to take into account the default risk. It is datexd at the time that capitél
was attracted and, hence, depends on the value of the statbleat that time. If, for example,

capital was bought at a time when the value of the statetariay, then it is easy to see that

B2
Y

The welfare effects of STW depend crucially on the way pas/afated to possible future events

-1

>

(like entering STW, exiting STW and returning to normal pwotion, etc.) are discounted. For a

firm operating in STW, denote

ﬁy(YL*aylj) :

E, |:€—r’?(YIf‘I)

#(Yir) < #(Y}) Py (7(¥h) < 7)), and

E

7, (Y7, Yip) o= B, [e7770%)

#(Vi) > 70| Py (#(Yir) > 7(V1)).

Y

In Proposition 2 we have already used the fact that (seextmple, Stokey, 2009):

581 * B2 #\B1,,52

~ * *\ Y (YL) B (YL) Y

A A R A
Y Bi,,B2 _ ,,B1 Y B2

wheref; > 1 andf, < 0 are the solutions to (2).

We assume that unemployment incurs a sunk cost equal totafracof discounted life-time
earnings. It has been estimated (Davis and von Wachter,)2B&fly = .11, going up toy =
.19 in times of recession. Denoting the total expected disemlintlue to capital, labour, and

shareholders by}, V,, andV;, respectively, we find the following.

18



Lemma 2 If the current value of the state-variablejsthen

i B2
Vily) = [1 = (1+x) (;J*) EL, and
N
i B2
_ Y Ony N
Vely) = 1_<Yﬁ) [T’—M_T}

We can now compute the value for each category (capitalulalsarplus) under an STW pro-

gramme.

Lemma 3 If the current value of the state-variablejsthen

y B2 Yy B2
= 1= (%) (e () +mei)
N N

VI () =1 () [ 1 (= e (0 i) — o (V7. Yi) (1 - a1 - 0))

e
r

Y*
~ * * Y 62 ~ * * ~ * * Y* Bz wL
+ Y*(YLaYH)(l - (Yir) ) _X<VY*<YL7YH) +VY*(YL7YH)(YZ> )}} ,
N N
B2 Qny CN
e =(0- (7)) G2 )

Yy B2 ~ * * - * * pr cp
() o0 = o 0, 7i) (5 - )

* 62
i)ﬁ2 (v vy (1- (2 (QNy - C—N)
+<Y* VY( L> H) Y]:} r— r .

The proof can be found in Appendix E.

Typically, nordic STW programmes look more generous in thay allow for a higher reduc-
tion in wage costs, lower reductions in salaries paid, agtidr fractions of salaries paid for by
the government. This would suggest that employees arerlwgftan Nordic countries whereas
shareholders are better off in Anglo-Saxon countries. Timaerical analysis below shows that
this intuition is incorrect.

The values to different stakeholders depend on the curresd [evel in the market. Again we
consider the states5Yy;, 2Yy, and3Yy, based on the threshold; for the casey = 1/2. The
value to each stakeholder in the different policies is regmbin Tables 7-10.

This numerical analysis indicates, firstly, that the gredbeneficiaries of STW are the providers

of capital. The benefit to employees is actually often negatirhe intuition for this paradox is
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y Y No STW Nordic Anglo-Saxon

.0442| 7.9791 8.2935(3.94) 8.1727 (2.43)

25| .0589| 10.8319 11.0660 (2.16) 10.9724 (1.30)
.0884| 13.7182 13.8765(1.15) 13.8132(0.69)
.0442|| 4.8595 5.6241(15.73) 5.2603 (8.25)

50| .0589| 7.3190  7.8465(7.21) 7.5944 (3.76)
.0884| 9.8074 10.1640(3.63) 9.9936 (1.90)
.0442| 2.6597 3.2068 (20.57) 2.9136 (9.55)

75| .0589| 3.6106 3.9978(10.72) 3.7907 (4.99)
0884 4.5727 4.8344(5.72) 4.6945 (2.66)

Table 7: Value to capital providers (% change in brackets).

vy Y No STW Nordic Anglo-Saxon

.0442| 2.2284 2.1561(-3.25) 2.0901 (-6.21)

25| .0589|| 3.2840 3.2224(-1.88) 3.1577 (-3.84)
.0884| 4.3519 4.3103 (-0.96) 4.2666 (-1.96)
.0442|| 3.7441  4.1049 (9.64) 3.7177 (-0.70)

50| .0589| 6.4741 6.5215(0.73) 6.2366 (-3.67)
.0884| 9.2362 9.2683(0.35) 9.0757 (-1.74)
.0442| 6.6853 7.6319(14.16) 6.7548 (1.04)

75| .0589| 9.8519 10.2969 (4.52) 9.5610 (-1.38)
.0884 | 13.0557 13.3565(2.30) 12.9637 (-0.70)

Table 8: Value to labour providers, including sunk costsregmployment (% change in brackets).
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y Y No STW Nordic Anglo-Saxon

.0442|| 2.6597 25759 (-3.15) 2.5143 (-5.47)

25|.0589|| 3.6106 3.5405(-1.94) 3.4793(-3.69)
.0884| 45727 4.5253(-1.04) 4.4839 (-1.94)
.0442|| 4.8595 5.1363(5.69) 4.7891 (-1.45)

50| .0589|| 7.3190 7.3084 (-0.15) 7.0512 (-3.66)
.0884| 9.8074 9.8002 (-0.07) 9.6264 (-1.85)
.0442| 7.9791 8.7452(9.60) 7.9649 (-0.18)

75| .0589|| 10.8319 11.1492 (2.93) 10.6364 (-1.80)
.0884| 13.7182 13.9327 (1.56) 13.5861 (-0.96)

Table 9: Value to labour providers, excluding sunk costsngimployment (% change in brackets).

0 Yy No STW Nordic Anglo-Saxon

.0442| 3.7633 3.9231(4.25) 3.8687 (2.80)

25| .0589| 9.1969 9.3183(1.32) 9.2785(0.89)
.0884| 21.9765 22.0586 (0.37) 22.0317 (0.25)
0442 | 2.4242 2.9588 (22.05) 2.7068 (11.66)

50| .0589| 7.2904  7.7709 (6.59)  7.5495 (3.55)
.0884 || 19.4959 19.8208(1.67) 19.6711 (0.90)
.0442| 3.7633 4.7392(25.93) 4.2104 (11.88)

75| .0589| 9.1967 10.0047 (8.78) 9.5610 (3.96)
.0884| 21.9765 22.5226 (2.48) 22.2226(1.12)

Table 10: Value to shareholders (% change in brackets).
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simple: labour is the only production factor that is reduse8TW. By saving on wage costs the
firm increases its life-span and, thus, the period of timénduwhich the full costs of capital can
be reimbursed.

The occasional negative benefit to labour occurs becausgettrease in the present value of
sunk costs of unemployment are more than off-set by the dseran the present value of the
reduction in wage income over the STW period. Note that ttterlare discounted less than the
former.

Secondly, the firm chooses its policy to maximize the valughi@reholders, so it is no surprise
that this value is positively affected by STW.

Next, all agents are better off in the typical Nordic scemanian the typical Anglo-Saxon sce-
nario. This suggest that more generous STW programmes doegessarily hurt providers of
capital and shareholders. The reason for this might begkiat) though firms under a Nordic pol-
icy pay more for non-worked hours, they are also allowed tluce the number of hours worked
more.

As a final note, observe that since in the Cobb-Douglas tdoggaapital and labour are in-
terchangeable, an alternative to STW could be to negotigteyaholiday” between the firm and
the providers of its capital. In such a scenario the roleséen capital and labour would be re-
versed and it would be the employees who are more protectadsa@ drop in the firm’s value.

Of course, a combination of the two approaches would sharedses more equally.

5 Concluding Remarks

In this paper we studied a firm that can make use of a shortsiork programme. Using a real
options approach we derived the optimal thresholds for thetib adopt STW and, once entered,
when to exit and revert to normal production levels, or tailiate. The liquidation threshold is
computed both when the firm is using STW and when it is not. Vdsvdhat a firm that is using
STW will liquidate later than a firm that is not using it.

In practice, details of STW are highly variable between (DECountries. Our numerical com-
putations are based on three different scenarios. One ta&eSTW details as they are common

in Northern European countries. The second scenario lobkseaway STW has been imple-
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mented typically in Anglo-Saxon countries. Finally, a thgcenario reflects an average of STW
programmes across the OECD. We take the point of view of argavent and calculate the ben-
efits for society of STW by a dynamic benefit-to-cost ratio &éind that the dBCR is typically
very small and far below unity. This happens because thefiteioé STW accrue later in time
than when the costs are incurred and are, thus, discountsesl Mbis shows the importance of a
stochastic dynamic approach to analysing such measures.

We also study the value of STW to different stakeholderséfittn. It turns out that employees
are actually the worst off. STW is best for capital providargl shareholders. This happens
because STW extends the life of the firm and capital provigetsemunerated without discount
throughout that time. We suggest that a “pay holiday” onregerepayments on capital would
lead to similar results as STW but would protect the emplogeee. This suggests that a balanced
approach may provide a better balance between costs anfitb@h&TW.

We list three possible extensions of this research. Firstould be interesting to make the
duration that the firms can use STW time dependent. With sunbdel one could calculate the
optimal duration of the programme both from a firm’s and stygeerspective. Second, one could
investigate what the effect would be from the possibilitymtake use of the programme more
than once. Would firms adopt STW earlier? Would they exitiegt|Would this be beneficial for
society? Third, it could be interesting to study the effdc®8®W in a competitive setting. How is
the entry threshold of one firm affected by actions of othendi? What if a firm is in competition
with another firm that is based in a country where STW measioest exist? Finally, this paper
has not addressed the effect of STW on the labour market. Aornant question to be asked is

whether STW unfairly advantages insiders in firms that haeess to STW.

Appendix

A Proof of Proposition 2
1. The optimal stopping problem (4) can be written as

Fin) = 2% — 4 sup, [ Tmax{Gu(Y,), Gu(Y:)}]. 12)
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where

Grly) = ~Frly) =2 ~ 2% and
. o B2 Y
Gnlo) = Fi) — Fply) = L=y ey (D)7 fen OuIA]

Note thatG 4 (y) > G (y) if, and only if,y > Y3, and thatGy (Yy) = GL(Yx).
Define the functiorG : R, — R by

G(y) = 1y<y: Gr(y) + 1oy Gu(y),

so thatG = G, V Gy. Note thatG is C? onR, \{Y }.

2. From Peskir and Shiryaev (2006) it follows that we need to fifdnction ', € C* which

dominatess onR,, and a se¥’ C R, that solve the free boundary problem

(

ZLFy —rFp=0 on%

F5t>G on%,and F;=G onR,\% (13)

oFp - 9G
L 9% o Oy |og”

Here.# denotes the characteristic operatof4f),., i.e., for anyp € C?,

1 /! /
Loly) = 50’2.@2@ (y) + pe' (y).

3.0nR,, define the functiong : R, — R, andy : R, — R,, by

e(y) =y™, and ¢(y) =y™. (14)

Note thaty and ¢ are the increasing and decreasing solutions, respecticelyne differential

equationZy — rp = 0. So, any solution taZp — r¢ = 0 is of the form

oly) = Ap(y) + Ag(y),

whereA and A are arbitrary constants. Furthermore, it is easily obththat

W) ="20) >0, ) = Zel) <0, and
A//( ) — w A(y) > 0’ v//( ) 62(5;2_ 1)@@/) >0



4. Fix Y, < Y% and define the mapping— V (y; Y1), by

V(y; Y1) = A(Y2)@(y) + A(Y)@(y), (15)

where the constantd(Y,) and A(Y},) are given by

; @(YL)G/{,(YL) — @' (YL )GL(YL) (B2 —1)QpYr/(r — pi) — Bacp/r

AV = e ) — g (Ve 1 — VP » (19)
and

G — GG VL) (1= BIQRYL/(r — 1) + Brew)r

AN = e ) — e (G — BV} - an

Note that 2V (y;Yr) — rV(y;Y,) = 0 for all y € R,. In addition, the functiorl satisfies
V(Y;YL) = Gp(Yy)andV'(Yy; Yr) = G (Yr).
It is easily seen that
A(Yy) >0, and A'(Yr)>0.

In addition, Assumption 1 ensures that forgjl < Y7, it holds that
A(Yy) >0, and A(Yy) <0.

5. So, the mapping — V(y; YY) is a (strictly) convex function, which satisfi@g-; Y3) — oo
asy — oo ory | 0. Hence, there is a unique point; > Y3, such that”’ (Y: Y3) = Gl (Ya).
This is exactly the valu&; determined by (7) in Assumption 2. This assumption then essu
that V(Yy; YY) < Gu(Yy). Also, sinceV is more convex thad/y for large y, it holds that
V(y;Yy) > Gr(y) for y large enough.

6. SinceA(YL) decreases and(Y}) increases ifY7,, the mapping; — V (y; Y2,) has the property
that for everyy > Y7 it holds thatoV (y; Yz)/0Y, < 0. So, the pointyy € (Y5, 00) where
V'(Yy;Yr) = G%(Yy) is decreasing irYy, as is the valué/(Yy; Y,). Now decreasé’;, from
Yy to 0. There will be a uniqu&;, with corresponding’;; at whichV (Y};Y}") = Gy (Y};) and
VYY) = Gu(Yi).

7. The intervalé = (Y/,Y};) and the proposed functioh; = V(-;Y}) together solve the
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free-boundary problem (13). The fact tHgt andY7; are the unique triggers that makg a C*

function on(Y}, Y};) follows by construction.

B Proof of Proposition 3
First note that fory € [Y}", Y};] we can write
Fp(y) = Fp(y) + Ay™ + By™.
This implies that the foc for maximizing™*(-) can be written ag(y) = 0, where

9(y) = =Be[Fr(y) — Fn(y) + Ay + By™] + y[Fp(y) — Fy(y) + BiAy” ' + BBy ]

= —B[Fp(y) — Fn(y)] + ylFp(y) — Fy(y)] + (B1 — B2) Ay™.

Since

g(y) = (1~ 52)M + B1(B1 — Ba) Ay,

r—p

and

9"(y) = Bi(B1 — 1)(B1 — Ba) Ay™ % > 0,

g(+) is a strictly convex function, which can, therefore, havenast two zeros.

The minimum location of(-) on [Y}, Y};] can be found analytically:

Jy) =0 e yo! = 1-f Onv-Qp |,

B Bi(Br— Ba)A T —p
1—f  Qu—Qp]7
Bi(Br — B2)A T —p

Y.

— Yy =
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We then find that

97) = (1= o) L2y (5, = gy v 4 5PN
-V {(1 - ) LI (5, BQ)AWl—l} +
R O A i S 1- 6, Qn—Qp .
_Y[(l B2) — + (B 62)A51(51—52)A p— + B
:YM <—(1—ﬁ2)+1_62) +620p—CN
TR B r
:YQN—QP(l — A1) (1 = ) LI g
r=p Bl r

where the last inequality follows from Assumption 3.

Define

f(y) = Fp(y) — Fx(y) + Ay™ + By™.
SinceA(Yz)* + B(Yz)® = F4(Yy) — Fp(Yy), it holds that

F(Ya) = Fp(Yi) = Fn(Yg) + A(Yp)™ + B(Yy;)™

— F5(YE) — Fx(Y5) = (% )ﬁg [—Fn (YR,

and

%\ B2
YH) L Ry,

P =p (1) 3

We, therefore, find that

9(Yi) = =B f (Vi) + Y f'(Ya)

—(1-5) (%)B —Fy(¥3)] > 0.

So,¢(-) has a zero &Y, € (Y,Y7;), which represents a minimum &f(-).
The functionf™(-) has a (unique) maximum at sori& < (Y}, Y) if and only if g(Y7)
Note that
FOYE) = Fp(YL) = Fn(YL) + A(YL)™ + B(Y;)™

= Fp(Y}) — En(Y?) + [ Fp(Y])] = —Fn(Y)),
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and
YL = —Fp(Yy),
which implies that
9(Yr) = =Ba[=Fn (YD) + Y [=Fy (Y]]
At Yy it holds that
—Bo[=Fn (V)] + Yy [-Fy(Yy)] =0,

sinceY?}; is a maximum location of (-). It, therefore holds thaj(Y;) > 0 <— Y/ < Y.

C Proof of Lemma 1l

Let
_ By r—pep
52—1 QP r

That is,7(Y}) solves the optimal stopping problem

Yy

G*(y) = sup E, {/ e "YiQp — cp)dt| .
TEM 0

Recall the functiory from the proof of Proposition 3. AY* it holds thatg(Y*) = 0, i.e. that

Bo Fp(Y™) = Fn(Y")] = Y [Fp(Y™) = Fy(Y")] + (81 = B2)A(Y)™
= B[~ Fn(Y)] = Y [-Fy(Y)] = = [-Bo(=Fp(Y") + Y (= Fp(Y)] + (B — B2) A(Y")™.
(18)
Since atY}} it holds that
—Bao[=Fp(Yp)] + Yp[-Fp(YE)] =0,
Y} is a maximum location, ant#* > Y, we have that the term between square brackets on the
right-hand side of (18) is negative. Therefore, the righdhside of (18) is positive.

This implies that

SinceYy solves
—Ba[Fp(Y") + En(Y7)] = 0,
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andYy is a maximum location it, therefore, holds that > Y75.

D Proof of Lemma 2

For anyY andy < Y/, let7,(Y’) denote the first hitting time from below &f underP,. Similarly,
for anyY andy > Y, let7,(Y) denote the first hitting time from above bf underP,,. For any

y > Y3, we then find that

Ty (YR)
Vi(y) =E, / e "pKdt
0

_ (1 o Ey [e—r’fy(yﬁr)}) Ey |:/ e—rtpKdt:|
0

(- (%)) 2

The other values are computed in the same way, taking intmatthat the labour factor incurs

a sunk cost equal to a fractignof life-time discounted expected labour income. That is,dink

costs equal

=xE, [e_’"ﬁ/(yﬁ)] E, [/ det]
0

B2
y w
= —L.
X (YN) r

xE, [/ e "wLdt
Ty (YR)
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E Proof of Lemma3

The proof follows along similar lines as the proof of the poexs lemma, i.e. by carefully dis-

counting expected infinite streams of payoffs. Denote

DK(y) = E, /O e”pKdt} - §K,

r

DLy(y) =E, / ertdet} )
LJ O

1—aC
r

DLp(y) =E, /000 e (1 — a)wL + a1 — Q)wL]dt} = wL,

DSy(y) = E, / e—”(QNYt—cN)dt] _ Oy N ang
0 r—u T

DSp(y) =E, /0 h e‘”(Qth—CP)dt} _ Gey _cr

| r— r
The providers of capital get paid a streafi until the firm liquidates. This happens either
if the firms enters the STW programme and then hits the thtésfig or if the firm enters the

programme, then hits the threshaofg and then hits the threshold;. That is,

STW Ty (Y )+7y=(YL) . . .
Vi (y) =E, [/ e " PKdt’fY*(YL) < TY*(YH)} Py« (7y-(Yz) < 7v+(Yn))
0

Yy /
0

:§K{1 - <%)52 [py* (Yi, Vi) + iy (Ye, Yir) (%)BQ} }

— Kdt‘i-y*(YL) > %y*(YH)} Py (Fy=(Y2) > Fy-(Ya))

The providers of labour receive a flawZ. while the firm operates normally and a flgw— « +

al)wL = (1 — a)wL while the firm operates in STW. Therefore, assuming thatY ™, it holds
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that

#(V0) # (V) (V) ATy + (V)
VSTV () =E, [ / e’”det} +E, (1—a(l— C))det}
0

#(¥?)

A i)t OR) )

+ Ey |:/ e " det’Ty* (YH) < 7V'y* (YL)} Py* (Ty* (YH) < 7V'y* (YL))
Ty (Y*)+7y = (Vi)

- {Ey [e—’“WY*WY*(YH)) ‘%Y* (Vi) < e (YL)] Py (7y-(Yir) < Fy-(Y2))

wl

+E, [e—’““y(Y*)”Y*(YL)) Fye (Yir) > fy*(YL)} Py (Fy+ (Vi) > %y*(YL))} =
.

_ (1 - (%)52) U () (e (Y, Vi) — e (Y, Yin)) (1= a1 = )

r

B2 Y, pa wl
+ (%) Dy« (Y, Yir) (1 - (Yg) ) T

) Y\ wL
— X (l)y*(YL,YH) + I/y*(YL,YH) ( H) ) —

*
Y3 r

from which the result follows immediately.

Finally, the value accruing to shareholders follows in ailsinway and is already discussed in

detail in Section 2.
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