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Abstract

This paper revisits the no-attachment assumption in jobckeaodels with
random productivity fluctuations and Nash-bargaining. hBebrkers and firms
value the option to remain in attachment: firms profit froma@ueed hiring cost,
while workers gain from a higher reservation wage when haitgg with a new
employer. Ex-post differentiation of workers into attadt@nd unattached unem-
ployed produces endogenous binary wage dispersion. Thenttatized equilib-
rium with a Hosios value of the bargaining power is no longamatrained effi-
cient: when changing attachment workers impose a negatteenality on their
former employer originating from a loss of the recall optiohhis inefficiency
tends to produce excessive job creation. The paper alsstigages returns to job
mobility in Germany and shows that being recalled to the iptessemployer as
opposed to the new job is associated with al®$gtlower probability of wage
improvement.

JEL classification: J23, J31, J63, M51
Keywords:
Search equilibrium, temporary layoff, constrained efficig wage dispersion

*Department of Economics, University of Konstanz, 78457 #€anz, Germany, E-mail:
anna.chizhova@uni-konstanz.de. | would like to thank Lea¥for his guidance and encouragement
as well as seminar and session participants at the Uniyefditonstanz, University of Louis Pasteur in
Strasbourg and the 2010 meetings of the European SocieBofmrlation Economics.



1 Introduction

The process of job destruction is well understood and irm@ated into the models
of job search. The seminal work in this field is accomplishgdvlortensen and Pis-
sarides (1994) with the following studies by Pissaride9@®@0Bontemps, Robin and
Van den Berg (2000) and Postel-Vinay and Robin (2002a). el framework
for the analysis of job destruction builds up on the mechara$ permanent, inde-
pendent and idiosyncratic productivity shocks inducingrdg to separate. As a result
of the negative productivity shock jobs are destroyed wivikekers are unemployed
and search for a new employment. Nevertheless the commompasien of permanent
separations and memoryless behavior of workers and firntsachats the existing em-
pirical literature. Mavromaras and Rudolph (1998) show #6a5% of the individuals
finding employment in Germany are recalled to their formeplayers (table 1).

Study Results Sample (spells) Country

K. Mavromaras, Recalls: 26.5% N=22601 (L) Germany

H. Rudolph (1998) 1980-1990

G. Fischer, Recalls: 32.4% N=2499 (T) Austria

K. Pichelmann (1991) AU: 22.2% 1985

A. Alba-Ramirez, J. Arranz, Recalls: 35.7% N=23035 (L) Bpai

F. Munoz-Bullon (2007) 1999-2002

P. Jensen, Recalls: 50% N=35000 (T) Denmark

M. Svarer (2003) AU: 20% 1981-1990

F. Jansson (2002) Recalls: 40-47% N=3668 (T) Sweden
AU: 10% 1995-1996

K. Roed, Recalls: 32.2%  N=815373 (T) Norway

M. Nordberg (2003) AU: 13.3% 1989-1998

AU — attached unemployment; L — layoff unemployment; T —Iltateemployment;

Table 1: Summary of empirical research on temporary lay@&tsope)

Similar frequencies of recalls are registered in Austrid &pain being respectively
32.4% and35.7%. Even higher recall ratios are estimated in Scandinaviamitcies

ranging from32.2% in Norway to about;0% in Denmark. In addition, empirical
relevance of temporary layoffs is supported by the fractiohattached unemployed
(expecting a recall) in the pool of unemployed workers. Bhedios range from ap-



proximately10% in Sweden t@2.2% in Austria. Temporary layoffs are also a wide-
spread phenomenon in the U.S. According to the data of the RuBau of Labor
Statistics for the period 2000-2007, approximately 1 willof registered unemployed
in the U.S. expect to be recalled to their former employefhis corresponds to the
ratios of13.6% of total unemployment ang.4% of layoff unemploymentin the U.S.

Following the empirical evidence this study considers trabfem of temporary lay-

offs in a model of job search. The starting point of this papé¢o introduce temporary
productivity shocks and worker-firm attachment into thesle@and matching frame-
work of Mortensen and Pissarides (1994), where search éorarand undirected and
wages are set via the Nash bargaining. Bargaining as a wagenileation mechanism
is supported on the empirical level, e.g. using the data frRsimceton Data Improve-
ment Initiative for the year 2008 Hall and Krtger (2008) fitnditt about a third of

all workers in the sample bargained with their current erygts rather than treated
their job offer as take-it-or-leave-it. Further, this sfumbnsiders wage contracts with
limited commitment and allows for wage renegotiations ther of the participation

constraints is binding.

Conditionally on productivity shocks being sufficientlyveee for the threat of lay-
off to be credible there are two different equilibria. Thestfiequilibrium obtains at
low variation in productivity, the layoff threat is then mlinated by wage renegotia-
tion implying a wage reduction after the first productionlspehe second equilibrium
with temporary layoffs obtains at high productivity vargat and is in the focus of the
present study. First of all, search costs incurred by firmeebsas a temporary na-
ture of productivity fluctuations mutually motivate the \Wer-firm attachment upon a
separation. Nevertheless, worker’s attachment is incetepsince workers search for
new job alternatives during the low productivity spells.tBavorkers and firms gain
from their attachment. Firms obtain a valuable option tale¢be worker, while work-
ers gain from an additional possibility to be recalled. EBhsralso a second gain for
the workers: attached unemployed have a higher reservatige than the unattached,
which means they can bargain a higher wage when contactedngyaemployer.
The ex-post differentiation of reservation wages amongchttd and unattached un-
employed produces a binary wage distribution in the equulib. The model can thus
contribute to the debate on endogenous wage dispersiawial) the seminal study

Individuals on a temporary layoff are defined as those "wheelzeen given a date to return to
work or who expect to return within 6 months", U.S. Bureau abbr Statistics, Handbook of Methods,
Chapter 1, available at www.bls.gov/opub/hom



by Burdett and Mortensen (1998).

Furthermore, this study confirms theoretical predictiohthe model using the data
from the German Social-Economic Panel for the years 20@3-2The probit regres-
sion model shows that workers recalled to their previousleyep face approximately
8% lower probability of wage improvement compared to thoseifigda job with a
new employer. This means that the worker-firm attachmentecalls have significant
predictive power for wage changes and therefore providaldiianal explanation of
wage heterogeneity in Germany. Other significant explagpatriables include age of
the individual, the reason for separation as well as coraparof job characteristics.
This study shows that voluntary separations are assocvetbds.5% higher proba-
bility of wage improvement upon a job change, at the same theeprobability is
8.2% lower in the case of involuntary separation. Moreover, toidal benefits, better
promotion possibilities and improved job security are pesly associated with wage
gains.

Finally, this study considers welfare properties of an eooyn with search frictions

and temporary layoffs. | find that the decentralized equiuitm with temporary layoffs

is constrained inefficient even if search externalitiesiarernalized. Hosios (1990)
shows that search externalities are an inherent featuredéls with stochastic match-
ing and wage bargaining, since matching takes place befi@ddrgaining, so that
wages do not perform any allocative or signaling functiohisstudy shows that mu-
tual attachment of workers and firms upon a negative prodtichock introduces a
new source of the equilibrium inefficiency. The novel attaeimt externality results
from the fact that workers on a temporary layoff accepting jabs do not internalize

the losses imposed on their previous employer. The previouss losing an option

to recall the former employee, which is immediately trateslanto a value loss, since
hiring is costly and time-consuming in the model.

To separate search and attachment externalities | set tijaibiag power parame-
ter equal to the elasticity of the matching function. Acéongito Hosios (1990) this
condition guarantees that search externalities are ilized. Then the decentralized
equilibrium with temporary layoffs is characterized by egsive job creation. Profits
of firms hiring workers from attached unemployment are ioedftly high, so that too
many jobs are created in the equilibrium. This paper alsavshthat efficiency of
the decentralized equilibrium may be restored by imposmmeome tax on attached



unemployment starting job with a new employer. The presahtesof tax payments
from a match should then be equal to the value loss of the quevemployer of the
worker.

The plan of the paper is as follows. Section 2 contains anveewerof the litera-
ture while section 3 explains notation and the general emanenvironment of the
model. Section 4 presents a model with temporary layoffssaation 5 explains the
model with wage renegotiation. Section 6 contains welfaiayesis of the decentral-
ized equilibrium with temporary layoffs while section 7 ¢ams an empirical test of
model predictions using data from the German labour ma8ettion 8 concludes.

2 Overview of the related literature

There are a number of features relating this study to thdiegilterature. Originally
the theory of temporary layoffs has been developed in théigihpontract framework
represented by the studies of Baily (1977), Feldstein (19868) and Burdett and
Wright (1989). Feldstein (1976) considers the option of &itm reduce employment
versus the option to reduce working hours in response tamrardémand fluctuations.
Workers are assumed to be permanently attached to the firmeaetve unemploy-
ment benefits if not employed. Unemployment benefits are ¢eduby a tax on firms
that is related to the previous benefits collected by the $iremployees (imperfect
experience rating). Feldstein (1976) shows that impedrperience rating magnifies
the effect on employment of changes in demand and increasehainge in employ-
ment relative to the change in average hours. Burdett andhi/1989) allow firms
to choose both the number of workers under the contract (fze) and the number of
workers producing output in a given period of time, so the elaslcharacterized by
attached and unattached unemployment, this properties\enare achieved at the ex-
pense of assuming indivisible labour supply. Given thigprties Burdett and Wright
(1989) show that the major result of Feldstein (1976) ismes@, so that an increase in
experience rating increases unemployment under reasooahdlitions.

One-sided labour demand analysis of the implicit contraetdture is extended to
consider the labour supply side of the market in the litegatf job search. This is
represented by the studies of Burdett and Mortensen (1¥883arides (1982) and
Mortensen (1990). Burdett and Mortensen (1980) is the fitgtysto synthesize the
search and the implicit contract approaches. This studgiders a labour market with



an exogenous wage offer distribution where each job is madilly characterized by
a particular layoff probability. Moreover Burdett and Memsen (1980) allow workers
to search on a temporary layoff, however search is costlyyiimg a positive reserva-
tion wage for attached workers. Burdett and Mortensen (LeB&racterize a retention
equilibrium where expected wage obtained by the worker fscgently high to pre-
vent the search in attachment. This is different from theesurstudy where workers
search on a temporary layoff and change the attachment asaso® new wage offer
is obtained. This property is achieved by the use of Nashdiairgy in wage setting,
leaving positive rent to the worker.

Pissarides (1982) considers search behavior of workettacheed unemployment fac-
ing an exogenous wage offer distribution. The new featur®imodel is that recall
probability is endogenous and is optimally chosen by firmssadtides (1982) shows
that workers search for an alternative job only if the proligiof recall falls below
a critical level, and that firms may recall workers before ribeovery of demand, de-
pending on the costs of laying off and hiring. Another studgsidering the problem
of temporary layoffs in a partial equilibrium framework isoiensen (1990), who con-
siders a situation where workers search and receive wagesdfoth when employed
and unemployed and the worker’s productivity on any spejoficis subject to con-
tinual stochastic disturbance over time. This setup pewiexplanations for job to
job transitions of workers as well as the phenomena of teargdayoffs and recalls.
The focus of Mortensen (1990) is on the effect of unemploytrbenefits on worker’s
optimal search behavior, in particular he shows that boghinbidence and duration
of unemployment increase with the Ul benefit ratio but theaffon the incidence
of attached unemployment is larger than that on the inciel@iaunattached unem-
ployment. This study differs from Pissarides (1982) and tglasen (1990) in that it
considers endogenous wage setting obtained by bargaiatagbn workers and firms
in the absence of on-the-job search and given a constarit pechability. The new
focus of the current study on wage setting in search equilbmwith temporary lay-
offs permits analysis of an endogenous wage dispersian@fi®m the differences in
outside options of attached and unattached unemployedlditi@n, this study allows
for agency problems in wage setting such as the limited camerit of workers and
firms as well as the two-sided resistance to unfavorablegdsof wages.



Wage dispersion is a well studied phenomenon arising in tsogéh on-the-job
search. Originally wage dispersion has been documenteldeirstudies of random
search with wage posting such as Burdett and Mortensen ) 18@8tel-Vinay and
Robin (2002b), Burdett and Coles (2003) and Stevens (2@4dett and Mortensen
(1998) consider wage-posting in a labour market, where foffesing higher wages
gain from a reduced quit rate of the worker. In the equilibrifirms are indifferent
between offering a low wage and experiencing a high workerawer versus a high
wage and a low worker turnover. This mechanism gives rise ¢ordinuous wage
distribution among identical workers and firms. Burdett &udes (2003) as well as
Stevens (2004) extend this approach by allowing firms to pasfe-tenure contracts
and show that there exists a nondegenerate equilibriumidigon of initial wage of-
fers. A similar result is obtained by Postel-Vinay and Rof@@02b) who construct an
equilibrium search model with on-the-job search and allowpleyers to counter the
wage offers received by their employees.

The first attempt to analyze features of a model with on-tesearch and Nash bar-
gaining has been done in Pissarides (1994). However, th@ifimg assumption that

workers quit their previous job once a match with a new emgriay formed does not
give rise to the endogenous wage dispersion. Shimer (2096ga that in a model

with on-the-job search and strategic bargaining, the stdasfible payoffs is typically

nonconvex because an increase in the wage raises the dusdo employment re-

lationship. He further finds that the subgame perfect dojuilim of such a bargaining
model is no longer unique, nevertheless there exist mackelileria with a continuous

wage distribution in which identical firms bargain to difat wages. Finally, Cahuc,
Postel-Vinay and Robin (2006) propose an equilibrium deanodel with strategic

wage bargaining, on-the-job search and counteroffers mpeting firms. The cross-
sectional distribution of wages is then composed of threepmments: a worker fixed

effect, an employer fixed effect and a random effect, charethg the most recent
wage mobility of the worker. This study differs from the dxig literature on wage dis-

persion in that it does not consider on-the-job search byl@ed individuals. Instead

the focus of the present study is on search-in-attachmennbynployed individuals

on a temporary layoff. Thus the endogenous differentiatibnnemployed workers

into attached and unattached gives rise to a binary equifibwage distribution.



3 Labour market modeling framework

The labour market is characterized by the following prapsert There is a unit mass
of infinitely lived workers and an endogenous number of firlfverkers and firms are
ex-ante identical, risk neutral and do not have access thteraarkets. Both types of
agents are assumed to have short memory meaning that thegaonkeep records of
their latest attachment. Firms and workers share a commustaat discount factor.

There are two types of idiosyncratic productivity shocksha model. Persistent pro-
ductivity shocks arrive at the Poisson ratand imply a permanent separation between
a job and a worker. As a result of the persistent productstityck the job is perma-
nently destroyed and the worker becomes an unattached Umgadp Temporary pro-
ductivity shocks arrive with a Poisson arrival rateUpon the temporary productivity
shock, the productivity variablg can take one of the two possible realizatigpsy®}

so that the following productivity switching rule applies:

__J y with probability p
Y=\ 4 with probability 1—p

wherey > y° and0 < p < 1. The initial productivity of a hired worker is assumed to
be highy = y. When the productivity realization is logw = 3, firms have an option
to use a temporary layoff, so that each job position can leefilled with a worker
and producing output, filled with a worker but neither pradgmor searching (tem-
porary layoff) or vacant and searching for a worker. Workers temporary layoff are
referred to as attached unemployed, while jobs attachedatorleer on a temporary
layoff are referred to as inactive. Workers on a temporaygffado not receive wages
but are attached to the firm and may be recalled to continwtuping.

Independent of the type of unemployment (attached or uctadth workers participate

in job search and receive an exogenous flow value of leisuretdd byz. | assume
that search is costless for both types of the unemployedheutast is prohibitively
high for the employed workers so that workers do not seardch®job. Searching un-
employed workers find a new job with the flow probabilif), which is an increasing
function of its argument, where= v/u denotes the market tightness variahle; the
unemployment rate and— the vacancy rate. In contrast to workers, search is costly
for firms who pay a constant flow cost of maintaining a vacandgroted by — and

find a worker at the corresponding Poisson arrival ga¢ = \(0)/6, decreasing id.



This follows from the standard assumptions concerning topgrties of a matching
function: homogeneous of degree one, increasing and cennavoth arguments
andv.

Wages are determined via the concept of Nash bargaininghanel is a single wage to
be defined in the contract. Furthermore, it is assumed thabh@act can commit the
two parties to future payments to be made while the matchrooes, however either
counterparty may terminate the contract at any time, heootacts are characterized
by two-sided limited commitment. In addition, either coenparty has an option but
not an obligation to offer, reject or accept the terms fortcaet renegotiation. This
means that contract renegotiations may only take place esudt of a binding partici-
pation constraint for either of the contracting parties.

4 Search equilibrium with temporary layoffs

4.1 Decentralized equilibrium: workers

Suppose first that the necessary condition for the existehtee equilibrium with
temporary layoffs is fulfilled, this condition is furtherikeed in section 4.4. Denoté
—surplus of an unattached unemployed workeriaitd- surplus of a worker employed
at wagew! (hired from unattached unemployment or recalled). Belleqmations for
these two groups of workers are given by:

rU = 2+ MW =U) (4.1)
W = w' =51 —p)(W' = L) —~(W'-U) (4.2)

whereL denotes surplus of a worker on a temporary layoff, not produand search-
ing for a job. Additionally, leti’? denote surplus of a worker hired from attached
unemployment and receiving wage. Bellman equations for workers in attached
unemployment and those who changed the employer can bemaist follows:

rL = 24+ ANO)(W?—=L)+dpW'—L)—~y(L-U) (4.3)
rW? = w? =51 —p)(W? = L) —y(W?-U) (4.4)

The labour market dynamics corresponding to the equilibnvith temporary layoffs
is presented in figure 1.
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Figure 1: Labour market dynamics

As follows from equation (4.3) surplus valdecan be additionally written as:

2+ pWh+ NOYW? +~U

L:
"+ 7+ 0p+ A0)

so that the surplus of an attached unemployed worker isasarg in the probability
to find a new job\(#) and in the probability to be recalled back to the previousijab
Denoted,(0) = A(6)/(r+v+Jdp+A(#)) — conditional probability to exit the temporary
layoff state into a new job, similarly denafg(d) = op/(r+~v+dp+A(6)) — conditional
probability to be recalled to the previous employer @) = r/(r + v + opA(6)).
Then the surplus value of a worker on a temporary layoff bexsom

L—U=dy0)(Z-U)+d(0)(W'=U) + do(0)(W? = U)
whereZ = z/r, which can also be written as:
L—U=d(0)(W'—=U)+dy(0) AW (4.5)

where AW = W2 — W1, since it is true thatly(0)(Z — U) + do(0) (W' — U) = 0.
Note here that/;(0) is a decreasing function éfandd,(#) is an increasing function
of #. Workers employed from unattached unemployment enter wagetiations with
their employer and obtain wage' with a corresponding surplus vallié!. Similarly,
workers recalled to their previous employer sign a new lalbamntract but continue
receiving wagev' since their outside option (unattached unemployment) iresnan-
changed. Workers employed from attached unemployment @i@ge negotiations
with their employer and obtain wage® with a corresponding surplus valG&?. It

10



is assumed that attachment to a previous employer is destray soon as a labour
contract with a new employer is signed, so that every worlaer ltave at most one
attachment. This assumption implies that workers who werpleyed at high wage
w? but experienced a spell of layoff unemployment obtain a lowagew! after they
are recalled.

4.2 Decentralized equilibrium: firms

DenoteJ! — surplus of a job paying wage' (filled with a worker from unattached
unemployment or recalled). Additionally 18t denote surplus of a job filled with a
worker on a temporary layoff. Bellman equations fdrandT" can be written as:

rJ' = y—w' =51 —p)(J —=T) —~J! (4.6)
rT = 6p(J'—=T)—\NOT —~T (4.7)

Surplus value of an inactive firffi can be expressed in a simplified way:
T = dy(0)J*

Finally let /2 denote surplus of a job filled with a worker from attached uplelyment
and paying wage?. The Bellman equation faf? is given by:

rJ? = y—w®—6(1—p)(JP=T)—~J? (4.8)

which means that firms obtain net flow profifs— w? and become inactive at the
Poisson arrival raté(1 — p).

4.3 Wage determination

Both wagesw? andw?® are determined via the concept of Nash bargaining. Consider
a worker on a temporary layoff negotiating with a new empioy@utside option of
such a worker is to remain in attached unemployment andlséar@another job or to
continue producing upon a recall from the previous emplag@that the rent of such

a worker is given byi¥’? — L. The rent of a firm negotiating with an attached worker
is given by.J? — V, whereV denotes surplus of an open vacancy. Wagds then
determined in the following way:

max(W? — L)P(J? — V)P (4.9)

w?

11



P (r+v)L+U and J2_y—w2+<5(1—p)T
r+vy+06(1—p) r+v+9d1-p)
HereS denotes the worker’s bargaining power. Firms and workeed tralued. andT’

where W2 _—1 =2

exogenously and in the equilibrium the free entry conditrapliesV' = 0, this gives
rise to the following wage expression:

w® = Bly+0(1 —p)T] + (1 = B)[(r +~v)L — U] (4.10)

Now consider a worker in unattached unemployment negogatth some employer.
Outside option of such a worker is to remain in unattacheanple@yment, so that the
rent of this worker is given by¥’! — U. The firm rent is given by/! — V. Note that

this bargaining problem is the same for a worker on a tempdagoff recalled by his

previous employer. The optimization problem is given by:

max(W?' — U)?(J' — V)P (4.11)

w' — U 4+ 6(1 — p)(L — U) L y—w 51 -p)T
and J =
r+7+6(1-p) r+7+46(1-p)
Wage expression resulting from this optimization problerthen:

where W' —U =

w' = By +6(1—p)T)+ (1= AU —6(1—p)(L-U)]  (412)

so thatw? —w' = (1 —8)(L —U)(r +~+ (1 — p)). This means that attached unem-
ployed negotiate a higher wagé > w'! than the unattached due to the fact that U
which also means that attached unemployed have a highevaésa wage since they
can be recalled to the their previous employer. Overalicatd unemployed negotiate
a higher wagev? with a new employer as opposed to attached unemployed a&ggti
with their previous employer.

Given the equilibrium wage equations (4.10) and (4.12) thmet of surplus values
{U, T,Wt, W2 J' J?} can be expressed in terms of the total surpis= J' +
W' — U and the total surplus? = J2 + W? — L:

Wl =U+3S* JH=(1-p)s" (4.13)
rU = 2+ \(0)BS" T =d,(0)(1— B)S* (4.14)
W? =1L+ BS? J?=(1-pj)S? (4.15)

12



In addition the surplus value — U can be obtained from the following expression:
(L—U) =di(0)3S" + dy(0) AW

This means that a reduced tuple of varialflésS*, S, AW} is now sufficient to char-
acterize surplus valugg/, 7, W' w2 Jt Jj?}.

4.4 The free-entry condition

Necessary condition for the existence of the equilibriurthviemporary layoffs re-
quires rents from a potential wage renegotiation to be megaheaning that the pro-
ductivity valuey° should be sufficiently low. Otherwise workers and firms would
benefit from sharing positive rents from renegotiation aondtiouing the production
process. To sum up, workers and firms separate upon a negadhactivity shock, if
the continuation surplus is lower than the total surplus@aporary layoff:

0
U =rU 7oL U  where =0+ _PAY (4.16)
/rn_"_fy 7""—'}/"‘5
=
o<y LT L Oy =y @)

r+v+94(1—-p)

where the left-hand side of inequality (4.16) stands forsiinglus from continued pro-
duction, while the right-hand side is the surplus from terappseparation. Equation
(4.17) implies that the productivity valug should be low enough for the rent from
renegotiation to be negative. The equilibrium with an exgien of wage renegotia-
tion is described in the next section.

Now assume that condition (4.17) is fulfilled, this case givise to the equilibrium
with temporary layoffs and between-job wage dispersiomddea — probability for
a vacant job to be contacted by an unattached unemployeldasb-t « is the proba-
bility for a vacant job to be contacted by an attached uneygaoThese probabilities
can be found as:

Uy U2

and l—a=
Uy + Usg U + Us

o =

wherewu; denotes a share of unattached unemployed workers in th@megoandu,
denotes a share of the attached unemployed. Then the soffdugcant job paying

13



the flow costc can be written as follows:
rV = —c+q)(aJ' + (1 —a)J?) (4.18)

In the equilibrium it should hold that = 0, then equation (4.18) becomes:

C

— = aJt+(1—-a)J? (4.19)
q(0) (1-a)

This means that the expected cost from an open vacancy shewdual to the ex-
pected firm surplus from a filled job. Denate— share of workers employed at wage
w! ande, — share of workers employed at wagé. Given that the total labour force
is normalized to 1 it holds that; + uy + e; + e; = 1. Flow transition rates between

the four groups of workers are presented in table 2.

Table 2: Flow transition rates between states

State U1 U9 €1 €9
T S Y () B
Ug g - op  A0)
e | v 61-p) - -
e | v 61—-p) - -

These transition rates correspond to the following systédifferential equations in
variablesu;, u,, e; ande,:

g = O6(1 —p)(er + ea) — dpus — A(0)ug — yuy

é1 = AMO)uy + dpuy — (1 — per — ves (4.20)
ég = MO)ug —0(1 —p)es — yey
Uy = 1—U2—€1—€2

Each of the equations above implies, that change in a giaa sariable is equal to
the inflow of workers into the state minus the outflow of wogkefrhe unique stable
stationary solution withi, = 0, ¢, = 0 ande, = 0 is then:

g __0(1-p) A(9)
TG T RIEAE) T A0 @20

(4.22)

14



This means that the probability for a firm to contact an ucatta unemployed is:

l—a  uy A0)o(1 —p)
a ur o Ay ++A0))

(4.23)

Probability o is a decreasing function of the market tightnéssThis means that a
higher job-finding rate\(0) reduces the number of unattached unemployed and there-
fore also the probability for a firm to contact an unattachedker.

To simplify the following representation of the model, deng(d) = v+ (1 —p)(1 —
d,(0)) — endogenous job separation rate in the model. Job sepeatie due to a per-
manent productivity shock arriving at rateor due to a temporary productivity shock
arriving at ratej(1 — p). In the state of a temporary layoff workers are not available
for a recall with a probability1 — d;(#)), so that the total separation rate becomes:
s(0) =~v+0(1 —p)(1—dyi(0)). The job separation rate is an increasing functio, of
since a higher probability of finding an external job for a keron a temporary layoff
reduces the probability, that the worker is still availatdea recalld, (¢). Using the
definition of s(#), surplus valugs' = J' + W' — U can be written as:

Sl LW = y — w! w1—7’U+d2(0)AW:y—TU+d2(0)AW
r+s(0) r+ s(0) r+ s(0)

The resulting equilibrium with temporary layoffs is chaexzed in proposition 1.

Proposition 1: In the presence of negative rents from renegotiation, tlyeffarisk
is realized, the equilibrium is characterized by betweenyvage dispersion and is
represented by a reduced tuple of variables 6, S, S?, AW}, satisfying equation
(4.23), equations (a)-(c) below as well as the free-entnydition (d). The necessary
condition for the equilibrium existences 8 < ¢°.

(a.) The total surplus valug? is given by:

S2 = SY(1 — dy(0)8) — do(0) AWV

(b.) The total surplusS! is given by:

—z+c+ (1 —p)da(0) AW

1_ Y
5= 4+ A0) + s(0)

15



(c.) The surplus differencAWV is given by:

Ay (L= A (058"

1= (1= 3)da(0) (4.24)
(d.) The free-entry condition definés
0 avatfy . (A —a)di(0)B
@~ T e (425

Proof: Appendix I.

The free entry condition (4.25) equates expected costs thaating a vacancy on
the left-hand side to the expected surplus of a filled job @nrigpht-hand side. Note
that in the absence of worker-firm attachment the probglidit the firm to contact an
unattached worker is = 1, so that the right-hand side of equation (4.25) is simplified
to (1 — 3)S*, which means, that firms obtain a surplus sh@re- 3) of the total job
surplusS!. For0 < o < 1 expression in square brackets in (4.25) is strictly smaller
than 1, which means that the expected firm surplus is less(than3)S!. This is due

to the fact that firms hiring attached unemployed have to paiglaer wageu?.

Also note that wage dispersion in the model is a consequdttbe mterior value of the
bargaining poweb < 3 < 1. As follows from (4.24)3 = 0 impliesw! = w? = rU
due to the fact tha/ = L = W, so that neither employment, nor an attachment to
the previous employer is valuable for the worker. Bot 1 the situation is similar in
thatw! = w? = y + (1 — p)T, so that workers obtain the full maximum rent of the
job and do not profit from an additional attachment.

The final step to characterize the model with temporary fayiefto describe the prop-
erties of the Beveridge curve. The market tightness vaiabtefined a¥ = v/u,
whereu = wu; + uy — total unemployment rate in the economy. This means that
equations (4.21) define an implicit functional relatioqsbetween the number of open
vacancies and the equilibrium unemployment- the Beveridge curve:

1 [, _00=pXO)
+ A(0) Yy + 0+ A0)) |

U=1U + Uy = where 0 =v/u
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Proposition 2: In the equilibrium with temporary layoffs and incompleterkey
attachment, the Beveridge curve is downward-sloping, mti@aar du/Jv < 0 under
the assumption thaf, < 1, where

dq(0) 0
0

Ny = _WW — elasticity of the job filling rate(¢)

Proof. Denotey, — elasticity of the unemployment rate with respecf:to

__Oud
Ho="50"4

Appendix Il shows that < py < 1if n, < 1. Additionally, the elasticity of the
Beveridge curve can be expressed as:

0
u@— Ho <0

o __1—,“0

This means that a higher market tightn@ss associated with a higher number of open
vacancies and a lower unemployment rate

5 Wage renegotiation in the presence of layoff risk

If condition (4.16) is violated, labour contracts are revteged upon a negative pro-
ductivity shock. This section characterizes an equilioriwith wage renegotiations.
Denotew’ — new wage negotiated between the worker and the firm in theplow
ductivity state. Similarly denote” — initial wage negotiated between a firm and a
worker upon hiring in the expectation of wage renegotiatibhe corresponding firm
and worker surplus values are denot&é and W respectively. After the first pro-
duction spell workers and firms bargain over a new wadewith the corresponding
surplus valuesg” andW~:

(r+y)J" = 7" —w"

(r+y(Wt-U) = wt—rU

Note that wagev” applies till the end of the employment relationship (indhappe-
riods of high and low productivity) since worker’s threatgoit a productive firm into
unemployment is not credible. Outside options of a worken-foair are given by’
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andL, so that the Nash-bargaining problem ouérbecomes:

max(W* — L)?(J* — 1)

and w" =3[ —rU—~(T+L-U)r+)]+@T+)L-U)+rU (5.1)
where the outside option valuésand L can be obtained as:

T=dy(0)J% (L-U)= 1dl_(0()1(li/ 6);2((?) (5.2)

Above expression fow” is an optimal solution to the Nash bargaining problem be-
tween the firm and the worker as long as equation (4.16) isted| meaning that the
total surplus from a layoff’+ L — U is sufficiently low: (T+ L—U)(r+~v) < y°—rU.
Bellman equations for’# and.J* are then:

rWH = wf —§(1—p)(WH — W) —y(WH - 1)
rJ? = y—w? =501 —p)(JT - JF) —yJ"

so that the surplus valuég* — U and.J* can be expressed as:

(r+v4+01—pYWH" -U) = w’ —rU+6(1 - p)(WE - U)
(r+vy+6(1—pH)J" = y—w" +601—p)J*

The Nash bargaining problem ovef’ can be summarized as follows:

max(WH — U)?(JH —v)1=F

Given that in the equilibriuny = 0 expression for” takes the following form:
w = Bly+0(1—p) T+ (1= BT~ (1 —p)(W" —U)]
= Bly+61-p)T]+ 1A= B)[rU—6(1—p)(L-U) (5.3)
The functional form ofw? exactly coincides with the functional form af!, this is
due to the fact that the net surplus in the low output stéte— L + J* — T is split in

the proportiorn3:
BIF=T)=(1-B)(W" - L) (5.4)

so that the initial labour contract is exactly the saoceteris paribusregardless of
whether wage negotiations will take place in the future dr idevertheless surplus
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valuesW and J¥ are such thatvV” > W' andJ” > J' since workers and firms
expect to share the rents in the future.

Let S = JH 4+ WH — U — total surplus of a new job an8l* = JX + Wt — U
— total surplus in a low productivity state. Then Nash bare implies that:

WH =U 4 st Wt —L=p8[S"—(T+L-U) (5.5)
J? = (1-p)s" JE—T=01-8)[S"—(T+L-0) (5.6)
rU =z + \(0)35" (5.7)

Equations (5.2) in a combination with (5.5)-(5.7) imply tlsgarch equilibrium with
wage renegotiation can be summarized as a reduced vectariables{ S S~ 6}
which is sufficient to characterize surplus val§és T, L, WL, J= WH JH1, Proper-
ties of the equilibrium with wage renegotiation are sumaetiin proposition 3.

Proposition 3: In the presence of positive rents from renegotiation theldgum is
characterized by within-job wage dispersion and is repnése by a tuple of variables
{SH, St 6} satisfying conditions (a)-(c). The necessary conditiarttie equilibrium
existence isy® > ¢0.

(a.) The total surplus valug* is given by:

_go—'rU
a T+

SL

(b.) The total surplus valug” is given by:

g—z+cl—06(1—p)rU/(r+7)

5% = (r+7v+0(1L—p) + A0))

wherey =y + §(1 — p)y°/(r + 7).
(c.) The free-entry condition definés

C

— =(1-p)s"

q(0) (1=4)

The above equilibrium is characterized by within-job waggpdrsion meaning that
workers with the same actual productivilymay be obtaining different wages”

or w* depending on the history of their relationship with the eoypl. Denotecy;
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— equilibrium share of workers employed at wagé ande; — equilibrium share of
workers employed at wage’. In the equilibrium it should be true that; = 0 and
er, =0, so

0 = AMOu—(y+d(1—p)en
0 = (1 —pleg — ver

Proposition 4: In the presence of layoff risk and positive rents from retiegjon the
equilibrium shares of workers employed at wage$ and w” respectively and the
equilibrium unemployment rate are given by:

A(0)u gl

ML Fs0—p) T 4+ A0)

S =A@
EERICEN )
Denoteay — equilibrium fraction of workers employed at wage¥. In the presence

of layoff risk and positive rents from renegotiation eduiium value ofay is given
by:

e _ 8
eg+er v+ 0(1—p)
The equilibrium fractionay is independent of the market tightness, and only de-
pends on the exact characteristics of the production psogesnd 6. In the ab-
sence of temporary productivity shocks= 0, all workers obtain the initial wage

wf = By + (1 - B)rU.

apg =

6 Social welfare and optimal policy

Hosios (1990) and further Pissarides (2000) show, that tehNvage equation is not
likely to internalize search externalities resulting fréhe dependence of transition
probabilities\(#) andg(6) on the tightness of the market. Nevertheless Hosios (1990)
proves that search externalities may be internalizedgeiféhowing condition is satis-
fied: 8 = n,, wheren, — elasticity of the job-filling ratg(6). This section investigates
efficiency properties of the equilibrium with Nash bargamiand temporary layoffs
and shows, that the classical Hosios condition is not seffidior the constrained effi-
ciency of the decentralized equilibrium. To obtain thisutesconsider the problem of
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a social planner, whose objective is to maximize the explaote output per worker:

mgux/ e "t [y(el +ey)+z(1—e —eg) — (1l —e; —ey))|dt (6.1)
0

The social planner is subject to the same matching consramfirms and workers,
therefore the dynamics of employment and unemploymentisdme as in the decen-
tralized equilibrium:

Uy = 0(1—p)(er +ez) — dpus — A(O)ug — yus
é1 = AO)(1—e —es —uz)+ dpus — (1 — ple; — yey
és = AO)ug — (1 —p)es — yesy

The social optimum satisfies the following first-order caiwat:

c y—2z+ch
O <1_’7‘1>7~+A(9)+s(9)

(1—(1—a)d(0)) (6.2)

The derivation of this condition is presented in appendixQlomparing now the so-
cial condition (6.2) and the decentralized free entry cbodi(4.25) | find that the
equilibrium is constrained inefficient. To see this redaditithe free-entry condition is
obtained from expression:

&

—— = al-/)S'"+(1—-a)(1—-p5)S? 6.3
@ = o0-AS - ) 6.3)
where S? = J? + W? — L denotes the total surplus of a match with an attached
unemployed:

S? = S'—(L—-U)=S5"1—di(0)B) — dy(0) AW

The equilibrium inefficiency comes from the fact that the faind an attached unem-
ployed do not internalize the losses imposed on the preveoydoyer of the worker.

In particular, the previous employer is loosing an optiomeaall the worker, with a
corresponding surplus valdé The social planner is taking this loss into account, so
thatS? = S' — (T + L — U) = (1 — d,(0))S" in the optimal planner’s solution. This
externality imposed on the previous employer of the workemat accounted for in
the bargaining process between the worker and a new empsaytirat firms hiring at-
tached unemployed create too many jobs compared to thdlg@pamal level. These
results are summarized in the following proposition.
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Proposition 5: Let 3 =7, < 1, then:

(a). Search equilibrium with temporary layoffs and wagepdrsion described in
proposition 1 is constrained inefficient;

(b). The market tightness in the decentralized equilibnsiabove the socially opti-
mal level, implying excessive job creation;

Proof: The proof of part (b) of the proposition follows from the féloht:

B _ B
L= (1= B)da(8) ~ B+ (1— B)(1—do(6))

andAW > 0, so thatS* > (y — z + ) /(r + A(0) + s(6)).

<1

The next question addressed in this section is: which taicyoff the planner can
decentralize the efficient labour allocation in the equilim? As shown above the
main source of the inefficiency of the decentralized equiliin is surplus loss of the
previous employer of the worker resulting from worker’s idean to start a new job.
Throughout the paper it is assumed, that firms can obserdeewsattachment status
and so does also the social planner. This means the tax ichposattached unem-
ployed taking on new employment should restore efficienapefdecentralized equi-
librium. Let7 denote an income tax imposed on attached unemployed gtpotinvith

a new employer angl— income subsidy for every worker. Bellman equationsifot,
W2, L andU are then modified in the following way:

rU = z+s+AO)(W'=U)

W = w4+ s =61 —p) (W' = L) —~y(W'-U)

rL = z2+s+ANO)(W?*—L)+dp(W'—L) —~y(L—-U)
TW? = w—74+5—6(1—-p)(W?—L)—~(W?*-1)

Then the surplus differenc&®WV is given by:

w?—7—w'  B[(1—B)di(6)S" — F]

ST -y T 1-(-Ha0)

(6.4)

whereF denotes the present value of tax payments: 7/(r +~ + 6(1 — p)). Note
that from equation (4.14) it follows that = (1 — 3)d;(6)S*, whereT is surplus of an
inactive firm attached to the worker. This means imposingateh thatl’ = F will
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eliminate the real wage inequality:> — 7 = w!. The surplus valué? becomes:
S2=8'—(L-U)—F=8"—(L-U)—T=51—dy0)) (6.5)

This equation in a combination with = 7, (to internalize the search externality)
guarantees, that the market tightness in the decentradigeitibrium is set optimally,
and that job creation coincides with the solution of the alogianner. The amount of
subsidies; is then obtained from the balanced budget constraint of ldraner:

(T — s)eg = s(ey + uy + us)

This means that the total net income flow- s paid by attached unemployed starting
job with a new employer is distributed to the other three geoof workers:; + w1 +us.
This result is stated in proposition 6:

Proposition 6: Let 5 = n, < 1. Welfare in the decentralized equilibrium with tem-
porary layoffs can be raised by imposing a tawn attached unemployed starting job
with a new employer, such that= T = d;(0)(1 — n,)S*. This tax policy eliminates
real wage inequalitys? — 7 = w! and is equivalently written as:

T B y—2z+cl
r+y+6(l—p) di(0)(1 — 77">r+s(9) + \(0)

F (6.6)

The balanced budget constraint of the planner implies tha¢$ are paid out as sub-
sidiess obtained from:s = 7es.

7 Empirical estimation

In this section a testable hypothesis based on the thealreticdel from section 4 is
formulated and confronted with the statistical data. Theleh@redicts that workers
on a temporary layoff recalled to the previous employer iodtaw wagew; ,; = wy;

this result endogenously obtains in the model due to thedoarng process between
workers and firms since the outside option of a worker bamggiwith a previous em-
ployer is to become an unattached unemployed. Wagprevails in this case and is
independent of the previous wage of the worker In addition, the model allows to
formulate an expression for the expected wage of a work@ndggkb with a new em-
ployer. With probabilityc the worker is an unattached unemployed and will bargain a
wagew;, but with probabilityl — « the worker is attached to the previous employer
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and has a higher reservation wage, so the contract wage widwaemployer will
bew,. This means that the expected value of wage for a worker ga&mployment
with a new firm is:aw; 4 (1 —a)w,. This allows to formulate the following hypothesis:

Hypothesis For any value of the previous wage, expected wage chang®w of
an employee recalled to work for the previous employer ilothan the expected
wage change of an employee taking job with a new employer:

Et[Aw|Reca|L,_1 = 1] = E[wt+1|Reca|L,_1 = 1] — W = W1 — Wt

EAw|Newjoh,, =1] = aw; + (1 — a)ws — wy > wy — wy

To estimate the effect of recalls on wage changes | use tlefdan the German
Socio-Economic Panel (GSOEP), a large micro- dataset ast@iad by the Deutsches
Institut fir Wirtschaftsordnung. The sample covers thegaeof 5 years from 2003
to 2007 and includes the total of 7328 observations on jobarsovlhe net of miss-
ing data sample contains 2595 observations. The wage changs coded in the
questionnaire as a dummy variable:

yi:{ w Wit41 — Wit (7.7)

0 ifAw; = w1 —wy <0

so that the probit regression model is used to forecast tleetthn of wage changes.
Indexi = 1, ..., 2595 here denotes the observation of wage change, while indmed
t+ 1 are used to mark the previous and the new wage of the empldiegrobability
of a positive change; = 1 is then given by

Ply: = 11X} = P{Aw; > 0|X:} = B(X/5) (7.8)

where®(.) is the cumulative density function of the normal distributi/ is the pa-
rameter vector an; — is the vector of explanatory variables of individaalAbout
44% of the respondents in the final sample have reported a wagevwement com-
pared to the previous job. Table 3 presents an overview o&xpéanatory variables.
The list of individual characteristics consists of thedaling variablesAge Education
GermanandGender Table 3 shows that the representative employee in the saspl
36 years old and has completed approximately 13 years ofonlgp93.8% of the
employees have German nationality a&®4% of the employees are males. These
variables create an overview of the representative indalith the sample, at the same
time variablesEducation German and Genderare deterministic for the same indi-
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vidual so that their effect on the probability of wage impeowent is predicted to be
insignificant. A number of empirical studies show that vialeaAge enters quadrat-
ically into the wage equation, meaning that wage is incregpsiith age up to some
maximum level and is decreasing thereafter. Varigdefor this reason is then pre-
dicted to have a negative effect on the probability of wagerowement.

Variable Mean Description
Dependent variable
Pay improved 0.443 1=Earnings have improved in the new job
Individual characteristics

Age 36.06 Age of the individual in years [18, ..., 68].
Education 12.81 Amount of education or training in years.[7,18]
German 0.938 1=German nationality
Gender 0.524 1=Male

Previous job characteristics
Tenure 4.625 Number of years with a previous employer [(43].
Recall 0.048 1=Returned to the previous employer

Reason for separation

Quit 0.404 1=Previous employment ended in a quit
Layoff 0.185 1=Previous employment ended in a layoff
Job closure 0.121 1=Previous employment ended due to jsbi@o

Temp. contract 0.164 1=Temporary contract expired
Job comparison

Promotion 0.330 1=Promotion possibilities have improvethe new job
Benefits 0.228 1=Social benefits provision has improvedemgw job
Security 0.262 1=Work security has improved in the new job

Table 3: Explanatory variables

The major variable of interest in this studyRecall this variable takes value 1 if the
worker returns to the previous employer, and zero othervitnsthe original sample of
7328 observations recall rate is estimated t®3&%, but is reduced to only¢.8% in
the final sample. The sign on the regression coefficieRexfallshould then be nega-
tive and significant in order to support the above hypothé&&isableTenuremeasures
the individual’'s experience with a previous employer. Tvasiable traditionally has
positive effect on wages, but job changes are associatbdatss of the accumulated
tenure, so this variable is predicted to have a negative ¢inpa the probability of
wage improvement.

The group of variableQuit, Layoff Job closureand Temp. contractre included in
order to capture the "gains" from mobility. Note, that theagables are self-reported,

25



specifically the respondents were asked "How did your ptes/job end?". Based on
this data, quits comprise the largest category and amouabaat40% of the final
sample; about0% of job changes are due to layoffs and job closures and thi

— are due to the end of a fixed-term contract. The omitted blrMutual separations
amounts tol2.6% of the sample and serves as a reference category. Variadyest
andJob closurecapture involuntary separations with a possible spellaflumtary un-
employment and are therefore expected to have negative®ffl contrast, variable
Quit captures voluntary mobility decisions and gains from gaegob-to-job transi-
tions; this variables is therefore expected to have a pesgifect.

The final group of variable®romotion Benefitsand Securityare included into the
model to capture qualitative differences between the ja4 of the respondents
have obtained a promotion in the new job, while 028 have obtained additional
benefits an@6% have claimed an improved job security. A negative sign oftigees-
sion coefficient on each of these variables would imply stuigin between wages and
the respective job characteristic, while a positive sigplies complementarity.

Probit estimation results are presented in table 4. Thenskecolumn of this table
contains coefficients from the original estimation, whhe reduced form regression
including only significant variables is presented in thedlziolumn of table 4. A lower
number of variables allows to increase the number of obens(to 3241) and there-
fore the precision of the estimated coefficients. The lakima of table 4 contains
marginal effects of the explanatory variables, which caimberpreted as a change in
the probability of wage improvement corresponding to a anénge in the respective
explanatory variable. All of the explanatory variableshie sample, excegtgeand
Tenure are binary variables, so the change in the probability ojevemprovement
given a unit change in the explanatory varialdlg is given by:

AP{y; = 1| Xo} = P{y: = 1| X0, X3 = 1} — P{y; = 1| Xo, Xy = 0} (7.9)
whereX, denotes characteristics of the representative individual

Xo = {Age= 36, Recall= 0, Promotion= 0, Benefits= 0,
Security= 0, Layoff= 0, Quit = 0, Bancruptcy= 0}

First of all, note that the Likelihood ratio test indicates@verall significance of the
probit regression at% significance levelL R = 528.14. Furthermore, variablRecall
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Table 4: Probit estimation results

Dependent variablg; = 1 if wage improvement in the new job

Variable Coefficient Standard Reduced Standard Probabilstandard
deviation form deviation change deviation

Constant -.059 (.240) -.030 (.155)

Age —.014** (.006) —.013** (.005) —.005** (.002)
Previous job characteristics

Tenure -.005 (.005)

Recall -.288* ((132)  -.244* (.110) -.079* (.034)

Job comparison

Promotion 627+ (.059) .638** (.052) .246** (.020)

Benefits .620** (.067) 612** (.059) .235** (.024)

Security 217 (.064) .186** (.057) .068** (.021)

Reason for separation

Quit .264** (.084) .180** (.057) .065** (.021)

Layoff —.165* (.098) —.254** (.069)  —.082** (.022)

Job closure —.266** (.111) —.340* (.090) —.107** (.027)

Temp. contract .091 (.100)

Observations 2595 3241 3241

PseudaR? 0.1482 0.1415

Log likelihood -1518.3 -1911.2

Standard deviations are given in parentheses; Two-taiggifisance: * 10%, ** 5%;
VariablesEducation, German, Gendand year dummy variables are included
at the initial stage but not significant at 10% significaneele

is significantly negative, meaning that recall to the jobhwat previous employer is

associated witfi.9% lower probability of wage improvement compared to a job waith
new employer. These result supports the hypothesis of wdirke attachment and its

implications for wages suggested in the theoretical patthisfpaper. To some extent,
this result is also anticipated in Burda and Mertens (2009 wave used a merged
German data sample from GSOEP and IAB (the social insuraaieg tb test for sam-

ple homogeneity including and excluding recalled indigtdu Their findings show

that the Chow test consistently rejects homogeneity ofilreseamples.

Inline with the prediction, variabl&gehas negative effect on the probability of wage
improvement for job movers. Age of the individual is ofteeseas a proxy for the po-
tential experience, and so this finding is in accordance thitexisting studies, i.e. for
Germany Dustmann and Pereira (2005) have found that "wagse ghjob changes...
become negative towards the end of individuals’ careeps18). A similar finding is
reported in Topel and Ward (1992), who find that between-jagewgains decline with
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experience in the US.

The coefficient ofTenureis negative but not significant, meaning that the loss of job-
specific experience does not have effect on the probabflitage improvement. This
finding is not unique for Germany, for example, Dustmann aeckifa (2005) find
insignificant tenure effect in wage growth regressions ihihowever different in the
US, where Topel and Ward (1992) report that between-job vgages decline with
prior job tenure. One of the explanations of this differerscpresented in Dustmann
and Pereira (2005), who attribute the difference to a heaeyofiapprenticeship train-
ing in Germany as opposed to the US. Apprenticeship traipnogides job-specific
knowledge to workers prior to their first employment and ¢fi@re has a flattening
effect on the ex-post wage growth of German workers.

Voluntary separations (quits) are associated with aleditty higher probability of
wage improvement, while involuntary separations reducegtobability by8.2% in

the case of layoff and0.7% in the case of job closure. At the same separations due
to the end of a temporary contract are not significantly daffié from mutual separa-
tions, which are used as a reference category. These raselltslly supported in the
empirical literature: Mincer (1993) finds that voluntargrisitions in the US lead to
wage gains of betweer0% and20%, while Bartel and Borjas (1981) find that layoffs
reduce wage growth over the two-year period by about 19 @amtisour. For Germany
Burda and Mertens (2001) find that full-time men displacetl986 and subsequently
reemployed in 1987 suffer a reduction of wage growth of aBdift when compared
with a reference group of continuously employed workersc@aPerez and Rebollo-
Sanz (2005) find that German workers tend to experiencerlar@ge losses compared
to the rest of countries, arouriz2%, followed by French, Spanish and Portuguese
workers, who suffer wage lossesief%, 10% and9% respectively. Moreover, Garcia-
Perez and Rebollo-Sanz (2005) report that in France, GerarahPortugal voluntary
movers experience a small but positive return when chanigiog of around,1% in
France2% in Germany and% in Portugal.

Finally, variablesPromotion Benefitsand Securityhave strong positive effects on
the probability of wage improvement. In particular, job pration is associated with
24.6% higher probability of wage improvement, followed Py.5% increase for addi-
tional benefits and.8% increase for the improved job security. Table 7 shows empiri
cal correlations of wages with the additional benefits pai@ermany in 2003:
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13th Month Pay 0.44

14th Month Pay 0.19
Christmas Bonus 0.19
Vacation Bonus 0.23

Profit-sharing Bonus 0.32

Table 5: Correlations between benefit payments and wages.

All of the benefit variables are positively associated widges, in particular, strongest
correlations are attained for the 13th month pay (0.44) anthe profit-sharing bonus
payment (0.32). For a more detailed theoretical treatmetiieocorrelation between

wages and bonus payments see Chizhova (2008). These fimaldhcgte strong com-

plementarity between wages and other benefits in Germatimgrrthan substitution,

and mean that firms paying higher wages also tend to provigteehibenefits, better

promotion possibilities and improved job security to therkevs. For the theoret-

ical explanation of the complementarity effect between egagnd job security see
Chizhova (2007).

8 Conclusions

This paper develops a search model with stochastic idigayingroductivity shocks
and worker-firm attachments. The possibility to recall thevpus attachment as well
as the temporary nature of productivity fluctuations muyuaiotivate existence of
temporary layoffs in the equilibrium. This equilibrium elts for large productivity
fluctuations, sufficient to induce a temporary separatitimrovise mutual agreement
on wage reduction between workers and firms eliminates tbesséy for a layoff. In
the equilibrium with temporary layoffs attachment is inqaete implying that work-
ers search for better job alternatives during the low pradig spells. Ex-post dif-
ferentiation of unemployed workers into attached and achttd combined with Nash
bargaining produces a binary equilibrium wage disperditare attached unemployed
bargain higher wages upon a match with a new employer as egpposhe unattached
unemployed. So the paper contributes to the debate on endag&age dispersion.

Furthermore, this papers investigates welfare propeofie¢se decentralized equilib-

rium with temporary layoffs by comparing it to the solutiohtbe utilitarian social
planner. As a result, the Hosios value of the bargaining pgaeameter does not
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any longer provide the constrained efficiency. The new tyfga@inefficiency in the

model is explained by the fact, that workers bargaining &itiew firm impose a neg-
ative externality on their previous employer, who is lostngaluable option to recall
the employee upon a good productivity realization. Thigcktiment externality is com-
plementary to the classical search externality describédbisios (1990). In order to
separate the two effects | set the bargaining power paramegtel to the elasticity of
the job filling rate and show, that job creation is excessmbe decentralized equilib-
rium with temporary layoffs. Efficiency may be restored bypwsing a tax on firms
hiring workers from attached unemployment.

Finally, theoretical implications of the model are testgdiast the empirical data us-
ing the German Social Economic Panel for the years 2003-200& probit regression
for wage gains shows that recalls have significant impactuturé wage changes of
workers. In particular, being recalled to the previous eyt is associated with ap-
proximately8% lower probability of wage improvement. This means that veorirm
attachment and recalls provide an additional explanatidheoobserved wage hetero-
geneity in Germany. Other significant variables employethaestimation include
the reason for separation and job comparison variables gdper shows that being
laid off from the previous job imposes2% lower probability of wage improvement,
while voluntary separations (quits) increase this prolitgtlly 6.5%. Moreover, addi-
tional benefits, better promotion possibilities and imgroents in the job security act
as complements to wage gains.

9 Appendix

Appendix I: Proof of proposition 1.
The worker surplugl’! — U can be written in the following way:

wl —2+6(1—p)(L—-U)

W'—U =
T+ 4 0(1—p)+ A6)

sincerU = z + A\(0)(W*' — U). Additionally, the firm surplus is:

1_y—w1+c¢9+5(1—p)T
Cr+y+6(1—p)+A9)
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this allows to obtain the value ¢f! sinceS* = J* + W! — U. Additionally it is true
thatT + L — U = dy(0)S* + d2(6) AW, then the total surpluS' becomes:

—z+cl+ (1 —p)da(0) AW

1_ Y
5= T+ s(0) + A\(0)

Now rewrite the free-entry condition (4.19) in the followiway:

el =a(1-8)S"+ (1 —-a)(1-p)S
where

S? =8 (L-U)=5"1—di(0)3) — dy(0) AW
From the wage setting equations (4.12), (4.10) it follove:th

w? — w!

AW =
r+y+46(1—p)

=([1=p)(L-U)
which allows to rewrite the surplus differenédV’ in the following way:

(1= B)dy(6)3S"
A = T A)da0)

so that the free-entry condition becomes:

0 - (1—B)asS' + (1 —a)s?]

= (1-9)8’

a+(1-a) [1 — di(0)5 — da(0) 1<—1 (_1@62)(32)(%)}]

_ (1 —a)di(0)5 }
1 — (1 - B)ds(0)

Appendix Il: Proof of proposition 2.
The elasticity variable,, can be expressed as follows:

= (1-p)8" [1

A(0)

———k(f) <1, where
T@"

po = [1 — 1]

Ly _ T A0) + 81— D)+ M6)) 55,
O = T o - A0) 1 50— )7+ N0)

<1
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Appendix lll: Social Planner
The current value Hamiltonian for the social planner probis:

H = yles+e)+2(1—e;—ex) —ch(l —e —ey))
w1 |0(1—p)(er + ex) — dpuy — ANO)uy — ’yul}

o [A(0)(1 —e; — ey —ug) + opug — 6(1 —pleg — 761}

+ o+ o+

piz | A(@)ur — 6(1 — ples — ves

wherepu, 2, andus are costate variables corresponding{pe;, ande; respectively.
The optimal social planner solution must satisfy:

88_1;[ = 0= —(1—e —eg)c=
= pnun — (1 — €1 — ey — ur) — pzus | N'(6) (9.1)
OH
oy, = = —p1(0p + A(6) + ) + p2(A(0) + dp) =
= A0+ ri (9.2)
%g = iy =y — 24+ (1 — p) — pA(B) =
= p2(6(1 —p) +7) +rps (9.3)
g—z = 13 =y —2+ch+ 1d(l —p) — p(l) =
= wa(6(1 —p) +7) +rus (9.4)

From equations (9.3)-(9.4) it follows that = 13, then from equations (9.1), (9.3) it
IS true that:

= 0| ) =)+ o

y—z+cld = po(r+v+M0)) — (1 — p2)0(1 —p)

wherea = u/(u + uq). From equation (9.2) it follows that; = d;(0)u2, SO

 y—z+cd
H2 = 0000) + s(0)
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Finally, the optimal market tightness is obtained from:

c y—2z+ch

a0 ~ (L=mg) A0) + s(0)

(1= (1= a)d(0))
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