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Abstract

This paper incorporates a classical moral hazard probletim wiobserved
worker effort and bonus payments into a competitive seagciilibrium environ-
ment with risk averse workers. The resulting framework peran analysis of the
effects of labour market competition and search frictionsralividual contract
setting. The paper demonstrates that the classical modebia] hazard with an
ex-post wage setting regime may underestimate the optiatats of wages and
bonus payments in competitive labour markets. The baseimgel is extended
to account for employer heterogeneity with respect to ehgihdowments. In
the extended model, wage competition between employeveses a source of

positive correlation between wages and bonus paymentstegpio a number of
empirical studies.
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1 Introduction

Labour contracts with bonus payments and profit shares al@ywised to address the
issues of employee motivation and asymmetric informatsoich as the moral hazard
problem. A large branch of the literature considers theseeis in the context of a
single match between a firm and a worker independently ofuabwrket conditions.

The general framework for models with bonus payments in tasegnce of moral haz-
ard is partial equilibrium with an ex-post wage setting negbm where firms make
take-it-or-leave wage offers after they meet a potentigblegree (see section IV in
Laffont and Martimort (2002) and section | in Bolton and Déuyont (2005)).

The classical contract theory approach provides foundatior the analysis of risk-
sharing and employee motivation in a match with stochasttput and unobserved
worker behavior. Yet, a deeper analysis of incentive catdrander different labour
market regimes is required. This necessity is also supgpdnyea number of empiri-
cal studies providing mixed evidence on the correlationveet bonus payments and
wages under different labour market conditions (see taplelrd particular, studies
by Hart and Hubler (1991) and Cahuc and Dormont (1997) findiignt positive
correlation between wages and bonus payments in Germankrande respectively
indicating complementarity between these two variable€amtinental Europe. In
contrast, a study by Wadhwani and Wall (1990) reports inddpece between these
two types of labour compensation in the UK, while Kaufman9@ypfinds evidence of
a negative correlation, indicating substitution, for teeéaf companies in the US.

In this paper, first, the classical model on performancetedi@ay in the presence
of moral hazard is extended to the case of heterogeneousnabslynamic labour
market equilibrium framework with search frictions. Howevthe core of the moral
hazard model is unchanged, the model characterizes aisitwahere workers pos-
sess private information about their effort choices afifgrthe probability distribution
of output. Based on this extension, it is illustrated tha&t ¢hkassical contract theory
model with the ex-post wage setting mechanism fails to éxplee complementarity
effect between wages and bonus payments observed in a naineempirical stud-
ies. Motivated by this result the current study developsva medel of moral hazard
in competitive search equilibrium with risk averse workangl improves the existing
approach.



Study Result Details No. of observations

Mitchell D.J.B., Complements Bonus payments are positivel N=3428
Lewin D., uUs, 1974 associated with total Cross-section
Lawler, E.E. (1990) compensation and base wage Indivicwel |
Hart R.A., Complements Wages are positively N=3628
Hubler O. (1991) Germany, 1984 associated with probability Cross-section

and amount of profit shares Individual level
Wadhwani S., Independent Profit shares are positively NU=90
Wall M. (1990) UK, 1974-1982 associated with total Panebdat

compensation Firm level
Kaufman R. (1998) Substitutes Bonus payments are positivel  NT=550
UsS, 1978-1988 associated with total Panel data
compensation but negatively Firm level

with base wage

Cahuc P, Complements Profit shares are positively NT=688
Dormont B. (1997) France, 1986-1989 associated with Patal d
base wage Firm level

Table 1. Empirical research: wages and bonus payments.

The concept of competitive search has been originally ¢hiced in a study by
Moen (1997) and is based on the dynamic search and matchidglmg setup of
Mortensen and Pissarides (1994) and Pissarides (2000).prlin@pal difference of
competitive search is the ex-ante wage setting mechanismnewinms post wages for
open vacancies and unemployed workers direct their joltkeawards the better of-
fers. This mechanism provides foundations for the wage @titign between employ-
ers: firms offering higher wages are more likely to fill thgiem vacancies as opposed
to the firms with low wage offers. Competition between firmgyies motives for the
rent-sharing between workers and firms and explains woekgsas a hiring premium
left by firms in order to attract a potential employee.

This paper considers competitive search equilibrium wittentive contracts where
jobs are characterized by stochastic output and workeserved job performance
giving rise to a moral hazard problem. The combination oémntive contracts within
a match and competitive search as the match formation pabeEscribe a situation
where firms pay both the motivation and the hiring premia dredequilibrium is a
counteraction of the risk-sharing and the rent-sharingleyep considerations. In the
equilibrium, the risk-sharing curve defines the optimalgamions of risk-sharing be-
tween the firm and the worker necessary to provide workerls thi¢ correct effort
incentives. While the rent-sharing curve defines the ogtrerd split between the two



contracting parties necessary to achieve optimal hiridpgilities for the firm. Ex-
tended for the case of heterogeneous jobs this model defisemajor contribution
of this paper — to show that competitive search equilibriuitih\werformance pay is
capable of explaining complementarity between bonus patsrend wages reported
in a number of empirical studies. This complementarityaffe obtained due to the
rent-sharing employer motive absent in the models with apast wage setting.

Another contribution of this paper is comparison of the wyatl labour compensation
packages in terms of wages and bonus payments in labour tsarik different insti-
tutional setups. This paper demonstrates that the classadel on moral hazard with
risk averse workers predicts lower optimal values of wageskeonus payments than
the labour market model with wage competition between eygt

Finally, this paper extends the constrained efficiencyltedidosios (1990) and Moen
and Rosen (2008) for the case of risk averse employees inréisemqce of asymmetric
information. Competitive search equilibrium with risk ase workers and unobserved
worker effort is demonstrated to be constrained efficielterg the rent-sharing rule
takes form of the risk adjusted Hosios (1990) condition. eHie risk adjustment is
represented by a "shadow price" of a unit output. Nevertisellie equilibrium is dif-
ferent from the first best social planner solution obtaimetthe absence of information
asymmetries, indicating that the first best solution is neentive compatible. The
principal difference of the unconstrained social planmduatson is full income insur-
ance of the employed individuals implying a zero optimalueabf bonus pay and a
trivial risk-sharing outcome. In addition, effort distians are fully attributed to the
risk-aversion of workers, where the downward (upward)refigstortions are reported
for the low (high) shadow price of a unit output.

The paper is organized as follows. Section 2 contains anviaverof the related
literature while section 3 presents notation and the moeleips Section 4 consid-
ers competitive search equilibrium with risk averse woskand incentive contracts,
which is a baseline model of the study. Section 5 comparamaptabour compen-
sation packages under different wage setting regimesidBegpresents an extension
of the baseline model to account for firm heterogeneity.i8eat contains analysis of
the equilibrium efficiency and section 8 concludes the paper



2 Overview of the related literature

There are a number of research directions relating thisrgapee existing literature
on asymmetric information in a search equilibrium framewdBuerrieri, Shimer and
Wright (2010) consider the problem of adverse selectioregreh equilibrium with
risk averse agents. Principals in their model are uninfadrieued compete to attract
agents who are ex-ante heterogeneous and have privataatfon about their produc-
tivity and preferences. Guerrieri, Shimer and Wright (20d@ve that an equilibrium
exists where principals offer separating contracts: eacttract posted attracts only
one type of agent, and different types direct their searchfterent wages. In contrast
to their study this paper investigates the problem of masabind in competitive search
equilibrium with heterogeneous risk neutral firms and hoemmys risk averse agents
and therefore further extends search literature with adecuasymmetric information.

Risk aversion in a dynamic labour market with search fritgigs further studied in
a research paper by Rudanko (2009). The author develops al mbdompetitive
search equilibrium with limited commitment contractinghave firms face aggregate
and idiosyncratic productivity shocks and adjust wagestifee of the participation
constraints of the two contracting parties is binding. Blase this model Rudanko
(2009) shows that both risk aversion and limited commitmeatease volatility of
the market tightness.The limited commitment mechanism in this model is similar
to the state-dependent labour contract in the current sasdy provides firms with
an additional labour costs flexibility in the face of idiosyatic productivity shocks.
However, the second aspect of bonus payments as a disdaileliee is not considered
in Rudanko (2009), while it serves as a major source of gffimvision for workers in
the current study.

The group of research papers by Moen and Rosen (2006, 200B3itgx considers
the question of efficiency wages in a dynamic search equihirwhere efficiency
wages comprise of the base wage payment and the profit-ghasimus pay, so that
the type of incentive contract is similar to the one analyiretthe current study. Both
effort and the match-specific productivity (type) are ptévmformation of the worker,
so that the model is characterized by a combination of m@zdid and adverse selec-
tion problems. Yet, as noted in Laffont and Rochet (1996)hwain ex-ante risk, that
materializes before the effort decision was made, thergo@saibility to eliminate the

1The low market tightness volatility in a dynamic search amdahing model has been first criticized
in Shimer (2005).



moral hazard variable (effort) and to reduce technicakytoblem to the issue of pure
adverse selection. This is in contrast to the current stuwgreithe moral hazard prob-
lem is not eliminated from the model and serves as a key mdivehe risk-sharing
between workers and firms. Summarizing the results, MoeriRaxisen (2006) find that
higher powered incentive contracts increase equilibriuvanaployment, while Moen
and Rosen (2008) prove that wages are more rigid and the uogment rate is more
volatile than in the standard model without private infotimia.

Another crucial result obtained in Moen and Rosen (2008)asnodified Hosios con-
dition for the equilibrium efficiency in a labour market wighivate information and
search frictions. Originally the constrained efficiencyukof competitive search equi-
librium is due to Moen (1997), this study demonstrates thg search externality can
be internalized via a wage posting mechanism, implying finais set wages before
they meet a potential employee and therefore consider theteff their wage choice
on unemployed workers. Moen (1997) proves that compesagch equilibrium with
risk neutral workers fulfills the efficiency condition inttaced in Hosios (1990) and
maximizes the social welfare. Moen and Rosen (2008) extaiscefficiency result to
account for asymmetric information of market participanteey prove that incentive
power of the equilibrium wage contract is constrained effitin the absence of taxes
and unemployment benefits.

The common constrained efficiency property of competitearsh is questioned in
Guerrieri (2008). The author considers a dynamic versiotoaipetitive search with
private information on the side of the worker and finds thateluilibrium is differ-
ent from the full information allocation and inefficient wiever the unemployment
rate is away from the steady state level. Further Guerrg998) finds that the full
information allocation may be restored by lump-sum trarssfeom unemployed to
employed individuals — the generalization of the moneyamg effect. Overall, this
paper highlights importance of money transfers and uneynpdmt benefits in the con-
text of search equilibrium efficiency. In this respect, Aogiu and Shimer (1999) are
the first authors to provide foundations for the analysisrobptimal unemployment
insurance in a search equilibrium framework with risk agexsrkers. They show that
an economy with risk neutral workers achieves the maximutpuiwithout an un-
employment insurance, while an economy with risk averseearsrrequires a positive
level of unemploymentinsurance to maximize output. Thesuit is extended in Coles
and Masters (2006) to account for strategic bargaining amul@yment subsidies.



The issue of income taxation in a search equilibrium frantewsoconsidered in Boone
and Bovenberg (2002), where a non lump-sum income taxatictaimed to restore
efficiency in a search equilibrium when the bargaining powsfevorkers does not ful-

fill the Hosios condition. Finally, the question of optimatbme taxation in a search
equilibrium framework with risk averse workers and unokedrsearch effort is ana-
lyzed in Lehmann and Linden (2004). They show that a noralifrecome taxation in

a combination with optimal unemployment insurance are@efit to decentralize the
optimal social planner solution.

3 Labour market modeling framewaork

In section 4 the baseline model of the study is first introduoea competitive search
equilibrium framework where properties of the labour caaotiare set ex-ante and firms
compete with each other in terms of a more attractive laboorpensation package.
Further in section 5 the model is compared to a classical hafdeaoral hazard in-
troduced in a search equilibrium framework without com@tc. Comparison of the
two equilibria allows to study the transformation of an ami labour compensation
package under the different wage setting regimes.

The labour market is characterized by the following prapsert There is a unit mass
of infinitely lived workers and an endogenous number of firliverkers and firms are
ex-ante identical in the baseline model; the question of fieterogeneity is addressed
in section 6. Each firm has a job position which can be eithiedfivith a worker or
vacant and searching for a worker. Similarly, each workerlsaeither employed and
producing output or unemployed and searching for a job. Uneyed workers receive
a non-transferable flow value of leisure

Employed workers choose an optimal effort leeel> 0. Effort is measured on a
continuous scale and is not observable to the firm. All warlare risk averse and
have an additively separable instantaneous utility fumctvith respect to income and
effort: v(x) — C(e), wherev(x) is an increasing and concave function of flow income
x andC'(e) is an increasing and convex function of effeysuch that”’(0) = 0. Here
C'(e) is an effort cost function expressed in worker utility unfsrms are risk neutral.



Matching between open vacancies and unemployed workerodeled in the fol-
lowing way. After incurring a vacancy creation casthe firm is entitled to post an
employment contract. Each contract contains informatiorth@ labour compensa-
tion package associated with a specific surplus value forreeva@onditional on being
employed. Unemployed workers observe all posted conteardsdirect their search
to particular jobs. Both unemployed workers and firms cdlyeanticipate the num-
ber of job matches»(u, v) and the market tightnegs= u/v associated with a spe-
cific surplus value. Here is the number of unemployed individuals applying for jobs
promising this surplus value ands the number of vacancies offering it. The matching
functionm(u, v) is assumed to be increasing in both arguments, concave,and-h
geneous of degree 1. Then the job finding rafe) and the vacancy filling rate(0)
associated with a specific worker surplus are defined in th@rfmg way:

AO) =" —p(1,9)
g(0) =" = m(3,1)

Also denote), = —¢'(0)8/q(9) — elasticity of the job filling rate(#), in the following
it is assumed thaj, is nondecreasing i6.

Once employed workers choose an optimal level of edfcahd start producing with
an initial flow productivityy = y*. Productivityy is stochastic for every employment
relationship and the productivity shocks arrive with a Bors arrival rate). Upon
the shock, the productivity variablg can take one of the two possible realizations
{y", yL} so that the following productivity switching rule applies:

) y™ with probability p(e)
Y7 4& with probability 1 — p(e)

wherep(e) is an increasing concave function of effort. This means jibla¢ where
workers exert more effort are characterized by longer expected durations of a high
productivity realization/”. Productivity realizations are observable and contréstib

in addition firms have an option to dismiss or retain the woilkeon the low pro-
ductivity realizationy’. However, it is assumed that! is high enough to start the
employment relationship so that it is never optimal to dssm worker in the high
productivity state. Jobs may additionally be destroyedefaygenous reasons which
happens with a Poisson arrival rate



The paper explicitly addresses a variable wage contrabtavittate dependent worker
remuneration. In the case of two output stgtg%, 4~} the labour compensation pack-
age takes form ofw’, w*), wherew! is paid to the worker iff = y* andw? is paid if
y = y*. The vector of labour compensati¢én’’, w*) can be equivalently represented
as a bonus pay contract of the type, b) wherew = w* — unconditionally paid base
wage and = w — w’ is a conditionally paid bonus pay. As a result, the following
rule applies:

Payment= { wh=w+b ?f y=y"

w” =w if y=y"

The bonus pay labour contract described above can be viesvad alternative to the
fixed wage labour contract investigated in a complementagydy Chizhova (2007).
In a fixed wage contract regime in Chizhova (2007) firms useadisals as a discipline
device and it is the income risk between employment and utement that creates
incentives for workers to exert effort.

In a variable wage contract regime explored in this studySiase both base wages and
bonus payments in order to provide workers with correctniiges. Bonus payments
are paid conditionally on output realizations so that ithe income risk during em-
ployment that motivates workers to exert effort. Moreotiee, variable wage contract
provides firms with an additional flexibility in their choiad the labour compensa-
tion package. In particular, firms posses a valuable opbadfust the base wage
in order to avoid unprofitable worker dismissals in the lowdarctivity state. In the
equilibrium firms pay a "hiring premium" as a result of thedabmarket competition
forcing firms to share the rents, and a "motivation premiumbider to account for
the internal moral hazard problem within the firm. The priynfrcus of this paper is
on an interaction between these two types of wage premiair@ily, a model with
the simultaneous rent-sharing and the problem of moralrddzas been investigated
in Demougin and Helm (2006), and Bental and Demougin (2006).

4 Bonus pay in competitive search equilibrium

This section explores a model of competitive search, whernkeavs are risk averse,
while the firms are risk neutral. Firms set the terms of emmlegt contract before
they meet a potential employee. This wage setting regimatesecompetition be-
tween firms with respect to the value of worker remuneratimh @ermits an analysis



of the interaction between the risk sharing and the rentirstpanotives in a search
equilibrium framework. The model is set in continuous time.

4.1 Decentralized equilibrium
4.1.1 Workers: optimal effort choice

Suppose first that in the low productivity state dismissaés reot profitable for the
firm, so that there is no dismissal threat for workers. Theesmonding sufficient
condition for this strategy is derived later in the papern&e iV’ andW — worker

surplus values in the low and high productivity stajésandy’’ respectively. Similarly
let e© and e denote worker effort choices. Bellman equations for emgibgnd

unemployed individuals can be written as:

rWh = max{v(w") — C(e*) + op(e") (W — W) + (U — WH)}

AW = ma{u(w") - C(e) +5(1 = ple)(WE = W)+ 4(U = W)}
U = v(z) +MO)(WH -U) (4.1)

where notatioiV? = WH(w# w?) and Wt = Wl (w# w') is used to simplify
the representation. In each of the two productivity stateskers set effort so as to
balance the gain, reflected dp(e)(W* — W), and the cost of an additional unit of
effort, reflected inC'(e). The optimal effort choice for workers is summarized in the
following lemma:

Lemma 1. Optimal effort choice is constant across productivity etat" = ¢! =
e(w®, wf) and is implicitly given by the following equation:

Q
—

[
~—

d(v(w?) —v(w")) = =7(e) 4.2)
whered = §/(r + v + §). Optimal efforte(w’, w") is an increasing function af/*
(motivation effect) but a decreasing function of base wagegdiscouragement ef-
fect). If7”(e) > 0 for Ve > 0 thene(w’, w*) is a concave function af” and a

convex function ofs”. Assumptionr”(¢) > 0 also impliese” ;. ., > 0.

Proof: Appendix .
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The above assumptions about the effort cost funcfidn) and the output function
p(e) imply that(e) is an increasing function of effort, so that a higher wagé is
creating additional incentives for workers to exert effékthigher wagew!” produces
the opposite effect: the relative income rigk! — w’ is reduced with a higher base
wage. In addition ift”(e) > 0 for Ve > 0 optimal effort is increasing at a declining
rate inw? and decreasing at a declining rateuifi. In the bonus payment interpreta-
tion of the labour contract lemma 1 implies > 0 ande;, = ¢/ , + ¢/, < 0. This
means that optimal effort is increasing in the bonus pand decreasing in the base
wagew.

DenoteR” (w wl, U) —worker rents from employment defined8 (w’, wl, U) =
WH (wf wh) — U. The following lemma describes the propertied®df(w? , wl, U).

Lemma 2 Worker rentsR? = R¥ (wf  w” U) can be expressed as follows:
(r+yR" = plejo(w”) + (1 = ple))v(w”) = Cle) =T,

wheree = e(w?, w®) andp(e) = (r + v + dp(e))/(r + v +9).
RY (wf wl U) is increasing in both arguments” andw?.

Proof: Appendix .

Expressiornp(e) stands for the effective probability of the high output ization y*.
In this state workers obtain the high wage fle# with a corresponding utility (w?).
Similarly, 1 — p(e) stands for the probability of the wage flaw”, so that the worker
rent can be expressed as a linear combination(ef?) andwv(w’) with the weights
being equal to the probabilities of the respective utilipnfs. Also notice that from
Lemma 2 it follows that an increase in eithef’ or w’ is strictly beneficial for the
worker, even if effort does not adjust. In addition, workadjust their effort in order
to maximize these gains: increase effort in response to lzehiggage values” and
decrease effort in response to a higher wage This is in line with the result from
lemma 1.

Firms with an open vacancy anticipate a relationship betwée posted contract

(w,w’) and the arrival rate of workers. In order to characterize thlationship,
rewrite (4.1) in terms of the worker job-finding rat¢?), implicitly defining the mar-

11



ket tightness functiol = 0(w, w’ U):

)\(0) o (TU_IU(Z»

- RH(wH’ ij U) (4.3)

Equation (4.3) describes a functional dependence betweemorker rentskR? =

R (wf wh U) and the market tightnegs an increase in either of the labour com-
pensation components’ andw’ attracts more job applicants and has a negative effect
on the job-finding rate\(6).

4.1.2 Firms: optimal contract

Consider the labour demand side of the market. De8te firm surplus from a filled
job position in the high output state= y*, similarly denote/* — firm surplus from a
filled job position in the low output state = y~. Both surplus values” andJ* are

defined conditionally on retaining the worker in the low puotivity state. Bellman
equations for an open vacancy and a filled job can be writtdollasvs:

rJ = yb —wh + ople)(JT - JE) — 4 JE
rJ =y —w" + 61— ple))(JF =TTy =4I
Vo= —c+qO)(J"-V) (4.4)

whereJ? = JH (wf wl), JL = JE(w,w¥) andV is the firm surplus from an open
vacancy. The filled job surplus” (wf w’) can be expressed in the following way:

(r+7) 7% (W w") = ple)(y™ —w™) + (1 —p(e))(y" — w"),

meaning that the net productivity flow/’ — w* accrues to firms with an effective
probability p(e), while the net productivity flowy” — w” accrues with an effective
probability (1 — p(e)).

Firms choose the vector of labour compensatioff, w”) in order to maximize the
vacancy surplu¥’” given the effort response functiefw, w’) and the market tight-
ness response functiditw!?, w’, U) (see equations (4.2) and (4.3)):

V(H(U)) = IgaXL (wH7wL7€(wH7wL)79(wH7wL7 U)) (45)
st. RY(w" w™ U) >0 (4.6)

12



Condition (4.6) is the worker participation condition, ieans that workers reject job
offers with negative surplus values. Firms face the follugvirade-off. On the one
hand, increasing/’’ andw’ by one unit respectively results in lower net profit flows
(v — wt) and (y* — w’), but on the other hand, the job filling raféw  w’, U)
will be higher, while the optimal effort choice of workeegw! | w) will be lower.
Solution to the firm optimization problem is summarized iogsition 1.

Proposition 1. Competitive search equilibrium with bonus payments is ati@rized
by a tuple of variablege, w", w”, U, 0} satisfying conditions (4.2), (4.3), as well as
equations (a) and (b) below and the free entry condiliqd(U)) = 0. The necessary
condition for the equilibrium existence is:

yr — w? +d(Ay — Aw)p(e) >0 4.7)

wheree = e(w?, w?), Ay = y? — y¥ andAw = w? — wr.

(a) The optimal value of” is obtained from equation:

wheren; = —01Inp(e)/0In(Ay—Aw) — negative of the elasticity of the effective
probability p(e) with respect to the flow profit differencey — Aw.

(b) The optimal value af/* is obtained from the modified Hosios condition:

1—n, RH

T T

(4.9)

whereJ# = JH (wf wk) and R” = RH (wH  wl, U).

Proof: Appendix Il.

In the following subindex "C" is attached to the tudle w!, w’, U, 8} correspond-
ing to the unrestricted competitive search equilibriumvidibnus payments described
in proposition 1. Equation (4.7) is a necessary conditiariifns to retain workers in
case when output is low. This equation is obtained from thairement/X > V = 0,

so that firms do not dismiss workers and continue employneationship in the low
productivity statey = y”. This requirement is also sufficient to guarantee the partic
pation of firms as/* > J* > 0.

13



Equation (4.8) can be interpreted as a risk sharing curve&S)RiSotice that for the
risk neutral workers withy(w) = w, the right-hand side of equation (4.8) is zero, so
that in the equilibriumm; = 0 andAw = Ay since the elasticity variablg, becomes:

. B Glnﬁ(e) _ (Ay - Aw) A/( ) /
= T om(Ay — Aw)  ple) LW

Variable Aw can be interpreted as an additional bonus payment in actélss base
wagew?, so that the risk neutral case corresponds to a situationewinerkers are not
sensitive to risk and firms set the maximum value of the boraysnentb = Ay in
order to achieve the maximum effort. When workers are risgkse with an increas-
ing and concave utility function, the right hand side of doqra(4.8) is positive as
V'(wh) > o'(wh), sothatd < n; < 1 andb = Aw < Ay. This means that when
workers are risk averse the total productivity risk refldateAy is split in a proportion
[Aw, Ay — Aw] between workers and firms respectively.

The risk sharing curve (RSS) is obtained from the followingdition:

oJ™ jow™  9J" Jow”
ORY Jow — ORY Joul

(4.10)

implying that in the equilibrium the firm’s and the workengifference curveg? =
const and R = const should be tangent to each other in the spacg, w”).

Consider risk averse workers with a logarithmic utility &tion v(z) = In(z), the
risk sharing curve (RSS) can be rewritten as:

d(Ay — b)p'(e) = p(e)(1 — p(e))bm’(e) (4.11)

It can be shown that for sufficiently low success probabjlity) < 1/2 the risk shar-
ing curve (RSS) defines a positive relationship between svagel bonus payments
implying complementarity between these two variables. piabability assumption
p(e) < 1/2is sufficient but not a necessary condition here. The comgieanity ef-
fect can be explained by the fact that effort is decreasirigarbase wage so that the
optimal bonus should increase in order to mild the efforucn. This effect is illus-
trated in figure 1. Also notice that as the base wage is incrgathe bonus payment
is approaching the maximum level Afy.

14



Equation (4.9) can be interpreted as a rent sharing curveSjRINdefines the share
of total surplus retained by the firm&”. The rent sharing equation is obtained from
the following condition:

oJ7 JowH 11 — My i

J = |-
ORH JOwH | n,

(4.12)

implying that in the equilibrium indifference curvés = const andV = 0 should be
tangent to each other in the spdeg”, §). As follows from the above equation the rent
sharing curve is defined for wage value§ such tha).J /ow!’ < 0 for the set of
feasible contracts. This implies that the firm surpli§is strictly decreasing in both
argumentsy = w’ andb = Aw. In order to interpret the right hand side of equation
(4.9) rewrite it using the risk sharing curve:

JH — ple) i 1—p(e)11—n, RH (4.13)
v'(w + b) v'(w) Mg

This means that in the equilibrium with bonus payments thdifieal Hosios condition
simplifies to the risk-adjusted Hosios condition. It folledvom the fact that the term
in brackets on the right hand side of equation (4.13) can tezpreted as an inverse
of the shadow price of a unit output for the worker. The pri€a single output unit
is state-dependent, meaning that, when productivity ib higd workers obtain the in-
come floww + b a unit transfer from firms to the workers results in a utilitgiease
v'(w + b) which is lower than/(w) — utility gain for a worker in the low productivity
case. Overall the pricé/v'(w + b) applies with a probabilityi(e), while the price
1/v'(w) applies with an opposite probability.

Consider the case of risk averse workers with a logarithrilityufunction described
above, the rent sharing curve then becomes:

T — [ + ple)p] " pH (4.14)

Tlq
As follows from lemma 2 the worker rem (w! w’) is increasing in both argu-
ments. In contrast, the inverse of the shadow pricep(e)b is increasing in the bonus
pay b but the effect of wagev is generally ambiguous. Nevertheless, it can be shown
that for sufficiently low output rislk\y (such thatv + p(e) Ay is an increasing function
of w) the worker utility gain from a higher wage expressed in teafthe firm surplus
units is increasing imv. This in turn means that the rent sharing curve is descriing
substitution effect between the wage and the bonus paymiEmitseffect is also illus-
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trated in figure 1. The substitution effect can be explaingthle fact that the market
tightness is decreasing in both argumentsandb so that the optimal bonus should
decrease in order to mild the effect of a lowdn response to a higher value of

b 4
Ay \ :
RNS .,
. ND
be
RSS
0 Wwco yL w

Figure 1: Optimal labour compensation package

The dashed curvé/ D on figure 1 stands for the no-dismissal condition and corre-
sponds to equatiofi” = 0. This means that the labour compensation packaggs
outside the area given by the cur#éD do not satisfy the no-dismissal condition
JL >V = 0. The equilibrium labour contradbc, wc] obtains at the intersection
of the risk sharing curveRSS) and the rent sharing curvé?(V.S) and implies risk
sharing between a firm and a worker sirlge < Ay. This is due to the fact that if
workers are risk averse firms face a trade-off between in@provision and income
insurance. As a result the optimal bonus payment is lower thahe case of risk
neutral workers since firms provide partial income insuestocthe workers. Also note
that as follows from equations (4.10), (4.22)" /ow* < 0 along both curvesRSS
and RN S) as well as in the equilibrium. This means that firms haventiges to re-
duce the amount of the bonus pay ex-post after the vacandgwiith a worker. The
same is true for the base wage, so that the firm commitment to the ex-ante labour
contract is a necessary condition for the equilibrium exise.
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4.2 Limited liability constraint

Introducing a contract with state dependent wage paymefts- w + b andw’ = w

in competitive search equilibrium is compatible with a attan, where the base wage
w is below the value of leisure In extreme cases when workers posses over sufficient
exogenous income flows the base wagenay even take on negative values, so that
it is also instructive to consider a restricted firm optintiza problem with a wage
restriction of the typev = w” > w. The wage restriction may have different origins.
One possibility to interpret a wage restriction is to vievas a limited liability con-
straint of the worker. In case when workers face exogenoasadial constraints their
job acceptance decision may additionally depend on thaatsh w > w, where the

w may stand for a continuous outflow from the worker incomeesponding to his ex-
ogenous financial obligation. The limited liability coratit is particularly important

in situations of moral hazard, where effort has random effecthe outcome, which
may deter economic agents from entering the contract witlméimited liability.

Another possibility to view the wage restriction may be axpéd by a minimum wage
requirement on the government level or on the industry leallting from a bargain-
ing process with trade unions. Solution to the firm optim@aproblem with a wage
restriction of the typev” > w is summarized in proposition 2.

Proposition 2. Consider a binding wage restriction of the typé¢ > w. The re-
stricted competitive search equilibrium with bonus paytaéncharacterized by a tu-
ple {e,w w* U, 0} satisfyingw' = w, equations (4.2), (4.3), as well as the rent
sharing equation (4.9) above and the free entry conditigf(U)) = 0. The neces-
sary condition for the equilibrium existence is:

yb —w + d(Ay — Aw)p(e) > 0
wheree = e(w?,w), Ay =y —y* andAw = w? — w.
Proof: Differentiate equations (4.3), (4.4) with respectwtd and use the fact that

V' = 0 in the equilibrium, this yields:

g oJ 00 6 OR
. = = — . 4.1
ngJ owH — owl (1—-n,)R OwH (4.19)
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Equation (4.15) is equivalent to the rent sharing equatoi). &

In the following subindex "CR" is attached to the tugle w”,w, U, 8} character-
izing competitive search equilibrium with a binding lindteability constraintw > w.

The restricted competitive search equilibrium is obtaiatdhe intersection of the
rent sharing curve and the wage restriction= w. Consider the case of risk neu-
tral workers, so that the optimal initial contract is giveyn b = Ay, w¢] and the
corresponding surplus of the unemployed worker&ds(see figure 2). In the short
term perspective, corresponding to the partial equilioreffect, with a fixed surplus
valueU¢ restricting the base wage = w implies a lower value of the bonus pago
thatb(Ue, w) < b(Uc, we) = Ay.

b4
RNS
X

Ay RSS
b(UC,U}) FPC
b(UCR,ﬁJ)

b*

0 W WM

Figure 2: Limited liability constraint in CSE: risk neutnabrkers

In the long run perspective corresponding to the generaliequm effect surplus of
the unemployed worker§ is decreasing, this is due to the fact that firms earn lower
profits and hence less jobs are created. A lower valug ohplies a downward ro-
tation of the rent sharing curve resulting in a further reurcof the incentive pay:
b(Ucr,w) < b(Uc,we). Furthermore, a lower bonus value results in a lower value of
the equilibrium effort level, so that the total match suspisi lower and workers face
lower motivation incentives. Unemployed workers looserfra binding wage restric-
tion so thatUc > Ugpg.
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Note also that a continuum of the rent sharing curves cooredipg to different values
of U intersect at the contrafit*, w™*]. This labour contract is obtained from a system
of equations:

0JH (w, b)

0b

Here the first curve/" (w,b) = 0 corresponds to the binding firm participation con-
straint denoted” PC, while the second curv@/” /0b = 0 is a restricted risk sharing
condition and is investigated in more details in section ft2an be shown that risk
neutrality implies a constant optimal valtg§w) = b* Yw as illustrated in figure (2).
This result implies that the optimal bonus valug; is bounded in the following way:

J2(w,b) =0, =0

Ay = bc > ber > b* meaning that a binding wage restriction induces risk skyarin
between workers and firms even if workers are risk neutral.

5 Search equilibrium with ex-post wage setting

5.1 Decentralized equilibrium: comparison

In order to illustrate the effect of the ex-ante wage settimeghanism on the equilib-
rium labour contract and to be able to decompose wages ietmtitivation and the
hiring premia, consider a labour market with an ex-post wsajéng regime. The ex-
post wage setting regime arises in labour markets where gobrasements are not
informative about the size of the labour compensation. énpitesence of labour mar-
ket uncertainty unemployed workers can not direct theirdeswards the better paid
jobs, while firms don’t need to account for the effect of wageshe number of job ap-
plications and market tightnedsThe optimal strategy of the firm is then to maximize
the job surplus/ with respect tav” andw?” subject to the worker incentive compat-
ibility constraint (4.2) and the worker participation ctmaént R(w*, w, U) > 0. The
firm optimization problem in the ex-post wage setting regoae be stated as follows:

(r+y)J7 = géﬁ{ﬁ(e)(yH —w) + (1= ple))(y" —wh)}

s.t. R (wf ,wh U) >0 and e=e(w, wh). (5.1)

In the ex-post wage setting regime there are no incentivesirfos to leave rents to
the workers, as any wage offer delivering a non-negativetcethe worker will be ac-
cepted. This means that in the equilibrium, it should be tha¢ R (w? , w”, U) = 0.
Zero worker rents in the equilibrium imply a monopsonisyigd of the market, where
firms obtain the full match surplus, and therefore the elgaiim with an ex-post wage
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setting resembles properties of the Diamond (1971) equihin. The paradox of the
Diamond equilibrium is that the monopsony outcome obtas$oag as the search
costs of workers are positive. Competitive equilibriumaaube in the Diamond model
does not arise even when the search costs of workers areadthpgmall and the num-
ber of firms is sufficiently large.

In addition notice, that the search equilibrium with an @sfpwage setting is a di-
rect extension of a classical contract theory solution fier aptimal bonus pay in the
presence of moral hazard (as a reference see Laffont andar{2002) and Bolton
and Dewatripont (2005)). The extension involves introdg¢he classical contract the-
ory model with bonus payments in a general equilibrium fraor& where the labour
market is characterized by search frictions. However, éigyost) wage setting mech-
anism is preserved unchanged. Solution to the firm optinozgtroblem in the ex-post
wage setting regime is summarized in proposition 3.

Proposition 3: The search equilibrium with bonus payments and ex-post weijeg
is characterized by a tuplge, w!?, w’, U, 0} satisfying equations (4.2)[) = v(z), the
risk sharing equation (4.8) as well as equation (a) below #reldfree entry condition
V(6) = 0.

(a) The optimal value of” is obtained from the worker participation constraint:

RE(wf wh U) = WH (", wh) —U =0 (5.2)
Proof: Appendix Ill.

In the following subindex "P" is attached to the tugle w”, w’, U, 6} characteriz-
ing the search equilibrium with bonus payments under theastwage setting regime.

The search equilibrium with the ex-post wage setting isiabthat the intersection of
the risk sharing curve (4.8) and the worker participationstmint R (w” , w”, U) =

0 denotediW PC. In case when workers are risk neutral the risk sharing ¢mmdi
again impliesh = Ay. The base wage is then set according to the worker partici-
pation constrainf2” (w*, w” U) = 0. When the value of the bonus payment is zero
there are no incentives for firms to set the base wagdove the reservation value
This is illustrated in figure 3. Notice also that the equililon implieswp < z mean-
ing that companies use both the award based motivation tedleéct» > 0 and the
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punishment based motivation reflectedip — = < 0. The motivation premium in this
case can be expressedhaswhile the motivation penalty i p — z.

In addition the rent sharing equation (4.9) implig& (wZ, w5, Us) > 0 in the com-
petitive search equilibrium with bonus payments. This ffedent under the ex-post
wage setting regime, where in the equilibrium it is true tfdt(wh, wh Up) =

0. This means that the rent sharing curve in competitive seaquilibrium is situ-
ated above the participation constraint in the sp@ce). This result also takes ac-
count of the fact that/ > Up, which follows from the inequalityUs = v(z) +
MOco)RE (wl,wh, Us) > v(z) = rUp. This result implies that unemployed workers
are strictly better off in competitive search equilibriurheve wages are set ex-ante as
opposed to the ex-post wage setting regime.

b b
WPC \ RNS WpC \RN S
Ay Ay
bo RSS
bp
\\ ~_
0 wp we z w 0 wp W z w

Figure 3: Optimal contracts under ex-post vs. ex-ante wagang. Left: risk neutral
workers. Right: risk averse workers

Now compare the equilibrium labour contraets, b vs. wp, bp under respectively
the ax-ante and the ex-post wage setting. This comparisdsasllustrated in figure 3.
When workers are risk neutral the optimal bonus paymentusleq both types of the
labour market, namely, = bp = Ay, so that the motivation premia are also the same.
However, the optimal wages are different, in particulas itrue thatvc > wp, imply-

ing that firms in competitive search equilibrium pay an addl hiring premium to
their employees. If workers are risk averse with a logaridumility function described
above it is true thab > bp andwe > wp, SO that both expressiohs — bp > 0 and

we — wp > 0 stand for the hiring premia in competitive search equilibri
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5.2 Limited liability constraint

As follows from the above analysis, unrestricted searchliega with risk neutral
workers always yield the maximum value of the bonus pay Ay so that in the
equilibrium there is no risk sharing between workers anddirtdowever, this is not
the case if a wage restriction, explained by the limitediligbor the minimum wage
requirement is binding. This section considers propexiethe search equilibrium
with an ex-post wage setting and a binding wage constrairthd presence of a wage
restriction the optimal strategy of the firm is then to maxenihe job surplug? with
respect tav’’ andw?’ subject to the wage constraint, the worker incentive coihifiay
constraint (4.2) and the worker participation constrafitite firm optimization problem
in the ex-post wage setting regime can be stated as follows:

(r+I% = max {p(e)(y" —w") + (1 - ple))(y" — ")}

S.t. w>w, RI(w whU)>0 and e=e(w”, wh)

Solution to this optimization problem is presented in pigipon 4.

Proposition 4: Consider a binding wage restriction of the type> w. The restricted
search equilibrium with bonus payments and ex-post wageges characterized by
atuple{e, b, w, U, 6} satisfying requirements = w, (4.1), (4.2) as well as the free
entry conditionV/ (¢) = 0; the optimal bonus payment is obtainedbas max(b*, b**),
whereb* is solution ton; = 1, which can be written as:

(Ay —b)p.e, = p(e), where e =e(b,w) (5.3)
andb*™ is obtained from the worker participation constraifitw, b**, U) = 0.
Proof: Appendix Ill.
In the following subindex "PR" is attached to the tugle w”, w*, U, 0} character-
izing the restricted search equilibrium with bonus payreantder the ex-post wage
setting regime.
Equation (5.3) can be interpreted as a restricted risk spaondition (see figure 4).

It comes from the firms first order conditie®/* /0b = 0 and defines the risk sharing
proportions between a firm and a worker. Note that, if worla@esrisk neutral the
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optimal effort is independent of the wage so that equation (5.3) produces a fixed
value of the bonus pay < Ay. However, ifw and the corresponding valigw) are
not sufficient to fulfill the worker participation constraidenotedi’ PC' and to pro-
vide workers with a necessary job rent, the firm will incretiseoptimal bonus pay to
the point where workers are just indifferent between wagland staying unemployed,
this value of the bonus pay is denotediy, so thathpr = max(b*, b**).

FPC

b*

0 wp Wz WM

Figure 4. Limited liability in SE with ex-post wage settingsk neutral workers

6 Heterogeneous capital intensity

This part of the paper presents extensions of the modelsciloss 4 and 5 for the
case of heterogeneous jobs. Suppose that the firm entry misoha as follows.
Firms pay an ex-ante capital investmetin order to enter the market, the capital
investment is irreversible. Upon entry each firm draws a peeific capital intensity

k from distributionF'(k) with the range of capital intensity valug@s k|. Assume that
the minimal capital intensity valuk is sufficient for the firm to stay in the market, so
thatV (k) = V(w¥ (k),w*(k)) > 0. This means that the free entry condition becomes:

K= / VRdF (k)

The capital intensity distribution creates ex-post prdhtyg diversity in the economy.
Capital is included into the model in a multiplicative wag, that the worker produc-
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tivity is defined according to the following rule:

{ y" = a f(k)
yt = a*f(k)

whereAa = a” — o > 0 and f(k) is a standard production function in the intensive
form, increasing and concave in This approach creates productive heterogeneity
among jobs, whereeteris paribugobs with a higher capital stock intensity are char-
acterized by a higher expected output flomik ), but also face a higher variance of the
outputo?(k) and a higher risk\y = Aaf(k):

{ m(k) = (a” + Aap(e)) f(k)
o2 (k) = p2(e)(1 — ple))2f2(k) Ad?

In order to make a reference about the correlation betwegesvand bonus payments
in this economy consider two jobs with capital intensities> k; € [k, k|. Both firms
face the same worker participation constraitit(k) = R? (w”(k), w" (k),U) > 0,
where the unemployed worker surplus valie= U (k) Yk is now obtained from:

rU = v(2) + MO(k))RY (k) (6.1)

However, the two risk-sharing curves faced by firms are difie due to the fact that
Ay(ke) > Ay(k;). As follows from the risk sharing equation (4.8) the optirhahus
payment (k) = Aw(k) is an increasing function aky, so that the risk sharing curve
of the more capital intensive firm is situated above the spwading curve of the less
capital intensive firm. This result is illustrated in figure Blotice that equilibrium
contracts in the search equilibrium framework with an estpeage setting regime are
obtained at the intersection between the worker parti@patonstraint and the risk
sharing curve, so that it can be concluded thatk,) < w”(k;) andb(k?) > b(ky).
The more capital intensive firm is more productive in expgateso that the marginal
gain of a unit effort increase is larger in this firm compamethte less productive firm.
In order to achieve a higher effort level the firm sets optlynahigher value of bonus
payb(ks) and a lower value of the base wagé(k,). Note, that both actions lead to
an increase in the worker effort. The lower value of the baagenalso guarantees that
the worker participation constraint is binding. Overdile tsearch equilibrium with an
ex-post wage setting regime exhibits the substitutiorcetbetween wages and bonus
payments and fails to account for the complementarity etibserved in a number of
empirical studies (see table 1).
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Figure 5: SE with ex-post wage setting and heterogeneoss job

In competitive search equilibrium both firms face the sant®ula supply equation

(6.1) in the spac@, w*|] for a given bonus pay valudw. It can also be interpreted as
workers’ indifference curve. This follows from worker hogeneity in the economy

and is represented by a convex decreasing curve in figure & clitve is decreasing
since workers prefer both high wages and high market tigistnelowever, each firm

is maximizing an individual vacancy surplus expressitit) = —c + ¢(0)(J? (k) —

V (k)), where the job surplug” (k) is obtained in the following way:

T (k) = T (y"(k), Ay(k)) = y"(k) —w" + p(e)(Ay(k) — Aw)

Job surplus/? (y*(k), Ay(k)) is increasing in both argument$(%) andAy(k), mean-
ing that the more capital intensive firm produces more outptiie low productivity
statey” (k) and also enjoys a larger output incredsg k) if the high productivity state

is realized. Both vacancy surplus equations for the two finesrepresented by con-
cave decreasing curves in the spatev’| and are illustrated in figure 6. These curves
can also be interpreted as iso-profits curves. Both cunesl@rreasing since firms
prefer both low wages and low market tightness.

Concavity of the iso-profit curve and convexity of the workendifference curve are
guaranteed by the assumption of the increasing elastitttyegob filling raten, with
respect to the market tightne&sFor a fixed value of\y(k), the more capital inten-
sive firm faces a flatter indifference curV&k,) = const, this means that the optimal
vector of variable$), w’| is such that/(k,) < 0(k,) andw” (ky) > w’(k;). A further
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0(ky) V(y"(k1), Ay(k1))
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Figure 6: Market tightness in CSE with heterogeneous jobs

difference in risk variableay(k) between the two firms implies a further rotation of
the firm indifference curve and strengthens the precedisigitteThe intuition behind
this result is such that the more capital intensive firm faasger search costs in terms
of forgone output value and so the firm is more willing to tradfethe low wages for
low labour market tightness.

For the rent-sharing curve (RNS) the fact thdt(k,) > w’(k;) for every value of

b = Aw implies an upward shift in the spad¢k w], so that the rent-sharing curve
of the more capital intensive firm is situated above the spwading curve of the less
capital intensive firm. This is illustrated in figure 7. Thasen for this shift is twofold:
due to the larger values gf (k,) and Ay(k,). More capital intensive firms are more
productive, obtain higher rent&’ (k,)—V (k,) and share these rents with their employ-
ees. Firms lose from higher labour costs, both in terms ofesamd bonus payments,
but gain from a higher job filling rate(#). Note that for the fixed risk-sharing curve
the rent-sharing motive implies complementarity betweamus payments and wages
in the case of risk averse workers.

Consider the difference in the risk sharing curves. As diyedescribed above in the
case of ex-post wage setting, both firms face different stskring curves, where the
RSS curve fork, is situated above the corresponding curve for Here the more
productive firm substitutes wages for bonus payments amsdeam an unambigu-
ously higher worker effort. Overall, optimal contract caanigon of the two firms with
different values of capital intensity highlights the fatttat the more capital intensive
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Figure 7. Competitive search equilibrium with heterogarebs. Left: risk neutral
workers. Right: risk averse workers

firm will unambiguously offer a larger value of the bonus payb(k,), which has

a positive effect both on the optimal worker effort and on fin@ hiring rate. The
effect of capital differences on base wages is however amobig} it is more likely

to be positive if the slope of the risk sharing curve is clasé in the relevant range
of capital intensitiesk, k]. Also notice that in the case of homogeneous variation in
output Ay(k) = const = 0Ay/0k = 0) the baseline model of the paper with risk
averse workers unambiguously predicts positive crossesed correlation between
bonus payments and wages.

Summarizing, in the presence of jobs heterogeneity cotygegearch equilibrium
with bonus payments extends the classical contract thexusoach with ex-post wage
setting by explaining the sources of cross-sectional cemphtarity between bonus
payments and wages. This complementarity effect is baséukarent sharing mecha-
nism between the firm and the worker inherent in the ex-angesatting regime.

7 Social welfare and constrained efficiency

This section considers welfare properties of competite@sh equilibrium with risk
averse workers and bonus payments. As mentioned in thelirdtion, with respect to
the social planner solution this paper can be seen as a gjeagoa of the equilibrium
efficiency result presented in Moen and Rosen (2008) in ctitiygesearch equilib-
rium with risk averse workers in the presence of asymmetfiarmation. However,
the social planner optimization problem is investigatethmabsence of income taxes
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and unemployment benefits, so that the main research gueatsed in this section
is whether the wage contracts chosen by firms are sociallynapgiven the optimal
worker behavior and the free entry of firms. Two informatils®itings are considered:
first, the unconstrained social planner optimization peobkfirst best) is analyzed,
where the effort choice of workers is assumed to be obsex\abthe social planner,
then the constrained social planner solution is comparduetéirst best solution.

Consider a social planner implementing a state dependege w@ntract with wages
w’ andw’ in respective productivity stateg’ andy’. The utilitarian social planner
is maximizing the present discounted value of a sum of yfildws of the unemployed
and employed individuals. In the first best case the choidabias of the social plan-
ner can be represented as a tuple of varialbtes’, w’, 6}, so that the planner’s
objective function can be expressed in the following way:

e,wl wH 0

max / e "t [uv(z) + (1 —u)d(e, w”, wH)] dt, where
0

(e, w", w") = ple)u(w™) + (1 = ple))v(w") — C(e)

Variable (e, w’, w) denotes utility flow of the employed individual working un-
der the wage contraet”, w” and exerting: units of effort. The unemployment rate
evolves according to the following differential equation:

= (1—u)y—uA(f)
The planner’s resource constraint can be summarized asvill
cut = (1 =) (p(e) (" — w) + (1 = p(e))(y" — w")) (7.1)

Equation (7.1) implies that the planner’s budget is baldraoed the monetary outflow
for maintaining the vacancies on the left hand side equa&srtbnetary inflow from

the filled jobs on the right hand side of this equation. Theagdanner optimization

programme is solved using a current-value Hamiltonian @ggr. Solution to this

optimization programme is presented in proposition 5.
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Proposition 5: Consider a social planner implementing a variable wage it
The unconstrained (first best) social planner solution iarelsterized by a tuple of
variables {e, wf | w’, 0, U} satisfying conditionw” = w’, the reservation utility
equation (4.1), the job creation conditien= ¢(0)J% (v, wl), as well as equations
(a) and (b) below.

(a). The planner’s effort choice is given by:

dp'(e) Ay’ (w) = C'(e) (7.2)

(b). The risk adjusted Hosios surplus split:

1— H L
JH(’U}H, U}L) — 77q R(w , Wy, U) (73)

!
77q Uw

Proof: Appendix IV.

As follows from proposition 5 the unconstrained social planoptimally setsy? =
w’. This means that the optimal bonus paymeis set to zero, implying income
insurance for workers against productivity shocks. Hagogranteed income stabil-
ity for the employed population the social planner choosesgimal effort level by
maximizing the total surplus of a filled job. This is given yuation (7.2), where the
left hand side of equation stands for the social gain of imsirey the effort, while the
right hand side can be interpreted as a marginal loss. ThaldassC’(e) is directly
estimated in worker utility units, while the social gain &ieated as an increase in
the expected productivity flowp'(e) Ay multiplied by the respective shadow price of
an output unit, represented by the tesftw).

Notice that the optimal effort equation of a social planre1.(7.2) is different from
the worker incentive compatibility constraint (4.2). Hehe social cost of increas-
ing effort C’(e) coincides with a private cost of the employee, however tloeasgain
dp'(e)Ayv'(w) is generally different from a private gain of the employehbiak can be
expressed agp'(e) (v(wf) — v(wr)). Denoter, — solution to the following equality:

Ayv'(zy) = v(w?) —v(w"), x0 > w*

Then competitive search equilibrium with risk averse wosk@nobserved effort and
bonus payments entails a downward effort distortion widpeet to the first best out-
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come ifw < x(, otherwise ifw > z, effort is biased upward. Intuitively, il is less
thanz,, the shadow price of a single output unit is high, so that theat gain ex-
pressed in worker utility units is higher than the privatengd a worker, as a result the
social planner will demand more effort from workers complai@ the decentralized
equilibrium with risk averse workers and unobserved effalties. The opposite holds
whenw > x, in this case the social gain converted into worker utilitytsi is lower
than the private gain of a worker and therefore the first biésttdevel is lower than
effort in a decentralized equilibrium.

In addition, it should also be noted that effort distorti@me purely attributed to the
risk aversion of workers. If workers are risk neutral, theiabgain of exerting ef-
fort expressed agdp’(e) Ay coincides with a private gain of a workép'(e)b. This is
the case because firms in a decentralized equilibrium ofyiiaose the maximum
bonus payment value= Ay (see proposition 1). This, however, does not imply that
the first best social planner solution with risk neutral vesekmay be decentralized by
the market. The reason is that the maximum effort value isaotpatible with a zero
bonus payment when effort is unobserved.

Now consider the second best solution where the social pfasrconstrained by the
information asymmetries arising from the unobserved wodg®rt choice. In this
case the social planner is maximizing the present discdurgtieie of a sum of utility
flows of the unemployed and employed individuals with respethe choice variables
represented by a tuplew”, w” 0}. The objective function of a constrained social
planner becomes:

w{l}gg{ﬁ /OOO e "t [uv(z) + (1 — u)o(w?, wH)] dt
wherev is given above. In addition, the worker incentive compétipiconstraint
(equation 4.2), as well as the budget constraint of the bpleianer and the unemploy-
ment dynamics equation should be fulfilled. The result of tdptimization problem is
summarized in proposition 6.

Proposition 6. Consider a social planner implementing a variable wage it
The constrained (second best) social planner solution aadterized by a tuple of
variables {e, w w’, 0, U} satisfying the reservation utility equation (4.1), the job
creation conditiore = ¢(0).J* (w? , w'), the worker incentive compatibility constraint
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(4.2), as well as the risk-sharing equation (4.8) and thet+sraring equation (4.9).
Therefore, competitive search equilibrium with bonus paytsand unobserved effort
is constrained efficient.

Proof: Appendix IV.

Proposition 6 characterizes the major properties of thettamed social planner solu-
tion. It follows that the set of five equations describing tiptimal solution of a social
planner coincides with the set of equations in a deceng@lcompetitive search equi-
librium with unobserved effort and bonus payments. Thismsehat the social planner
will choose exactly the same optimal package of labour corsgon(w?®, w) result-
ing in the same effort level of the employed and the same médteness variablé.
Therefore, it can be concluded that competitive searchlibgum with risk averse
workers, bonus payments and unobserved effort is consttafiicient.

8 Conclusions

This paper develops a model of competitive search with neltse workers in the
presence of asymmetric information. Information asymiestarise from the fact that
workers possess private information about their effortiahon the job. The moral
hazard problem within a match forces firms to use motivatieviacks such as the
bonus pay in order to provide workers with the correct wagkimcentives. This setup
creates in a situation where the equilibrium labour comteatails both a hiring and a
motivation wage premia. The hiring premium results fromrérg-sharing incentive of
firms ensuring them a sufficient job-filling rate, while thetimation premium results
from the firm’s risk-sharing incentive necessary to guarart sufficient effort level.

The baseline model of the paper is compared to the classiodehof moral haz-
ard extended to account for labour market search frictiatiphbeserving the essence
of the ex-post wage setting mechanism. This benchmark megebved to predict
a lower amount of the bonus pay than the baseline model wijewampetition be-
tween employers. Similarly, both models are compared inptlesence of a wage
restriction imposed to reflect a binding limited liabilitgrstraint or a minimum wage
requirement.
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Furthermore, the paper presents an extension of the cdimpetearch model with
bonus payments to account for jobs heterogeneity. In pdaticjobs are allowed to
differ with respect to their capital endowments affectirgghbthe expectation and the
variation of output. The rent-sharing motive forces mogtehintensive firms to leave
higher rents to their employees. The higher rent comes irfictme of a higher base
wage as well as a higher bonus pay values. This complemignediect provides ra-
tionale for the positive cross-sectional correlation leswbonus payments and wages
reported in a number of empirical studies. The rent-shamagve is absent in the
model with an ex-post wage setting so that bonus paymentsvagds act as substi-
tutes in a cross-section of firms. Based on the above thealethalysis this paper
concludes that the correlation between bonus payments agdsais specific to the
type and the structure of the labour market. This is alsan@ With the observed em-
pirical evidence.

Finally, this paper considers efficiency implications ofentive contracts in a com-
petitive search equilibrium. The equilibrium is proved ® d¢onstrained efficient in
the absence of tax payments and unemployment benefits. tNeless, competitive
search equilibrium with bonus payments does not coincidb thie full information
allocation of the social planner. This is due to the fact thatprivate gain from ex-
erting effort is different from the social gain, so that ire thull information allocation
the social planner will demand a different effort level froworkers compared to the
decentralized equilibrium.

9 Appendix

APPENDIX I: Proof of lemmas 1-2.
DifferentiatelV* andW ! with respect ta* ande’ respectively to obtain:

—C'(e") + 5p' (Y (WH — W) =0 (9.1)
—C'(eM) + op/ (Y (WH —WE) =0 (9.2)

Equations (9.1)-(9.2) imply® = eff = e(w!, w?), so that:
SWH — Wk = g((:)) = 7(e) (9.3)
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SubtractingV* from W yields:
SWH — W) = d(v(w) — v(wh)) (9.4)

which proves equation (4.2). Differentiate equation (4vith respect tav’’ to obtain
e/ » > 0. Similarly, differentiate equation (4.2) with respecté to obtaine/ , < 0.

The second order derivative’s, .,e¢” ., , ande”, , can be found as follows:
wHw wHw wHw
1 / / !
e, = gl = YT e g
()2
e

(Ve = Vyn )

()
) (U/ " //U/ L)
eszwH d w(ﬂfe)gw
e

&'y = d <0 if 2">0

>0 if 7/>0
Using equation (9.4) rewrit&(w*, w’) in the following way:
(r+ R (w wh) = ple)v(w) + (1 - ple))v(w") — Cle) —rU

wherep(e) = (r + v+ dp(e))/(r + v + 9). Differentiate R (w* , w') with respect to
w! andw!’ and apply the envelope theorem to obtad®* (v, wl) /Ow® > 0 and
IR (wH | wl) /ow” > 0.

Appendix II: Proof of proposition 1.

Differentiate equations (4.3), (4.4) with respecttd andw” and use the fact that
V' = 0 in the equilibrium, this yields:

ORM Jow™ — 00/ow™  0J" Jow"
ORH [owL — 00/0wt — 0JH |owE

(9.5)

where R = RH(w w" U) and J? (w? w’). DifferentiateJ? (w” ,w’) with re-
spect to both arguments to obtain:

aJ1

(r+ ”Y)aw—H = p(e)(Ay — Aw)e,n — ple)
(P NI = ) (A~ Aw)els — (1 p(e))
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Insert expressions f@R /0w, ORY /ow*, J /0w anddJ¥ /0w into (9.5):

POV@) )y — Aw)e,n — ple)
(1 =ple))v'(wh)  ple)(Ay — Aw)e, . — (1 —ple))
Insert expressions, , = dv'(w*)/7’'(e) ande/ , = —dv'(w)/7’'(e) to obtain equa-

tion (4.8). Differentiate equation (4.4) with respectt§ to obtain:

- 77q RH(U}H, WL, U)
Tlq

_&]H/@wH] 1
ORH | owH

TH (! wh) = [

Insert expressions faJ? /ow®, ORY /0w’ to obtain the risk-adjusted Hosios condi-
tion (4.9).

Appendix Il Proof of propositions 3-4.

In the search equilibrium with ex-post wage setting the fisnmiaximizing it's sur-
plus with respect to the wage valué’ given that the wage” is adjusting according
to the worker participation constraint. This gives rise lie tollowing optimization
problem:

max JH(wf wh) + A\ R (w" wh, U)

where )\, stands for the Lagrange multiplier. The first order condsidor this opti-
mization problem are given by:

aJH ORM
8wH+/\“ 5o = 0 (9.6)
oJH ORM

— 7
5l T A s 0 (9.7)
MR wm U) = 0 (9.8)

where the last equation represents a complementary skeskoadition. In the unre-
stricted firm optimization problem with the ex-post wagdisgtthe worker participa-
tion constraint is binding, which means that # 0, while R(w” ,w” U) = 0. Then
equations (9.6) - (9.7) can be rearranged to produce theshiakng curve given by
equation (4.10).
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Now consider the restricted firm optimization problem withiading limited lia-
bility constraint of the typev > w. The firm optimization problem can be written as
follows:

max J7 (w” w) + AgRY (w™,w, U)

w

where\r stands for the Lagrange multiplier. The first order conditior this opti-
mization problem is given by:

oJ"  ORY
St gy = 0 (9.9)

ApR(w? wh U) = 0 (9.10)

where the last equation stands for the complementary st@skoondition. If the
worker participation constraint is not binding thég = 0 and the optimal bonus
payment is given byp.J /owf = 0 implying that:

(Ay — )il = p(e), where e = e(b, )

which is the restricted risk sharing condition (5.3). Swinto this equation is denoted
by b*. If the worker participation constraint is binding meanthgtb* is too low, then
Ar # 0, so that the optimal bonus paymeit is given by equatiorR(b**, w,U) = 0.
Overall, the optimal bonus payment is given byz = max(b*, b**).

Appendix I1V: Proof of propositions 5-6.

The current value Hamiltonian for the unconstrained plapneblem (first best) is:

H = wo(z)+ (1 - u)@(wL wh e) =y [(1 — u)y — uA(9)]
+ a[cu@— ( )+(1—p(€))(yL_wL))}

wherea is a Lagrange multiplier angl, is a costate variable correspondingitoThe
optimal social planner solution must satisfy:

OH
Fu = T = aJ'+R" =+, (9.11)
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Maximizing H with respect ta:, w’’, w’ andd yields:

OH

e =0 = d(dy—Aw)a+Av] =7'(e) (9.12)
=0 > a=v) (9.13)
% —0 = a=d(wh) (9.14)

P =0 = - ma(0) = co (9.15)

whereAw = wf — wl andAv = v(w) — v(w?). Equations (9.13)-(9.14) imply
w? = wl anda = v/(w) — shadow price of an output unit. These results transform
equations (9.12), (9.15) and (9.11) into:

1—mn, R

dAyv' (w) = 7'(e) and J7 =
() = (o) 2

Consider the current value Hamiltonian function for the stosned social planner
problem (second best). Dengte- Lagrange multiplier corresponding to the budget
constraint of the social planner, and— a costate variable corresponding:to The
optimal social planner solution in this case must satisfy:

o0H
Sy = e = pJ™ + R =, (9.16)
OH 0 S ple) — dp () (B — Aw) = () L2 0.17)
8IUH_ pie p(€)e,,z(AY w) = ple m .
—8H 5 v (w” / /
=0 = =) < 1) - el (By - Bu) (018)
o0H
ag =0 = el —m)q(0) = cp (9.19)

The ratio of equations (9.17),(9.18) can be rearrangedddyme equation (4.8). In
addition equations (9.16) and (9.19) imply the followindiogl rent split:

_1—n, R
Tq 2

JH
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