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Abstract

We analyze on-the-job search when moral hazard among employees calls for incen-
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1 Introduction

The high worker turnover rates in the economy has spurred a signi�cant literature on on-the-

job search. In this literature, the focus is on the role of search. In particular, the models in

this literature abstract from any agency problems that may exist between workers and �rms

along other dimensions than on-the-job search. In the present paper we argue that optimal

incentive schemes that motivate workers to provide e¤ort may include an intertemporal

element, and this element may interfere with on-the-job search decisions.

Our starting point is that reallocation of workers on �rms is necessary in order to obtain

an e¢ cient allocation of resources, as experienced workers may have comparative advantage

at di¤erent tasks and in di¤erent �rms than inexperienced workers. To capture this we set

up an on-the-job search model where experienced workers search for new jobs. E¢ cient on-

the-job search then requires that the experienced workers�wage in the original �rm should

equal their future production value in that �rm (like in Moen and Rosén 2004).

The new feature of our model is that we include moral hazard caused by imperfect

monitoring. As in Shapiro and Stiglitz (1984), �rms can only imperfectly monitor worker

e¤ort. We follow Lazear (1979, 1981) and allow �rms to use deferred compensation to provide

incentives for workers to provide e¤ort. With deferred compensation, an experienced worker�s

wage exceeds her productivity. As a result we get a tension: A moral hazard problem which

calls for deferred compensation and optimal on-the-job search which calls for wages equal to

marginal productivity.

We �rst show that incentives systems based on deferred compensation become less attrac-

tive when turnover is more important for economic e¢ ciency. More interestingly there are

feedback e¤ects between the wage contracts used by �rms and the number of �rms searching

for employed workers. These feedback e¤ects may lead to multiple equilibria: A high-e¤ort

/low-turnover equilibrium in which �rms use deferred compensation to motivate workers,

and a low e¤ort - high-turnover equilibrium in which they do not. Furthermore, the larger

are the search frictions in the market, the more likely is it that the high-e¤ort/low turnover

equilibrium emerges.

As an extension we show that �rms in a low-turnover equilibrium with deferred compen-
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sation are more reluctant to use piece rate payments to motivate workers, and more inclined

to invest in �rm-speci�c human capital, than are �rms in a high-turnover equilibrium.

Our paper o¤ers a new explanation for the large variations in turnover rates across

countries and regions. For instance, in 1999 the median tenure among employees in 1991

was 3.0 years in the US and 4.4 years in UK, while it was 7.5 years in Germany and 8.2 years

in Japan. The percentage of workers with a tenure of less than one year was 28.8 percent

in the U.S. and 18.6 % in the U.K., 12.8 % in Germany and only 9.8% in Japan (OECD

1993). Large di¤erences in turnover rates also exist between regions of the same country.

For instance, turnover rates are extremely high in Silicon Valley, but much lower along

"Route 128" in Massachusetts, another prosperous area with well developed high-technology

industry (Saxenian, 1994).

Our model predicts that �rms in countries (or regions) with lower turnover rates rely more

on long-term wage contracts with deferred compensation (seniority-based wages, promotions

etc.) and less on short-term performance-based systems than do �rms in countries (regions)

with higher turnover rates. This implication is in accordance with popular conceptions

of the di¤erences between the US and Japan and between Silicon Valley and Route 128.1

The prediction of a negative relationship between deferred compensation and short-term

performance pay is supported by Bayo-Moriones et.al. (2004). They document that �rms

which use deferred compensation less than other �rms tend to use short-term performance

pay as an incentive mechanism.

Related literature Our paper proposes an explanation for di¤erences in turnover be-

tween countries and regions. In a recent paper, Pries and Rogerson (2005) argues that the

di¤erences in worker turnover between the US and Europe may be explained by institutional

factors. There also exist papers that analyze multiple equilibrium turnover rates. Acemoglu

and Pischke (1998) develop a model where adverse selection may lead to multiplicity in quit

rates. Related arguments are made in Chang and Wang (1995), Owan (2004), Saint-Paul

(1995), and Moene and Wallerstein (1997). Morita (2001) shows how multiple turnover

1We are not aware of any systematic evidence on the relationship between overall turnover and deferred
compensation.
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rates may arise as a result of �rms�choice of production technology and learning-by-doing.

Our paper di¤ers from this literature in several ways. First, multiplicity in our model is

caused by incentive contracts and worker moral hazard. Second, our paper is the only one

that explicitly model on-the-job search as an equilibrium outcome in the presence of search

frictions.

The second contribution of our paper is that we introduce private information into a

model of on-the-job search. There is currently a small, but thriving literature on private

information in search models. Moen and Rosen (2009) introduce moral hazard and Guerrieri

(2008) asymmetric information in competitive search equilibrium. Guerrieri, Shimer and

Wright (2009) analyze self-selection of heterogenous workers in a in search environment, and

Rudanko (2009) and Menzio and Moen (2009) analyze optimal insurance with limited com-

mitment in a search context. We contribute to this literature by analyzing the relationship

between (intertemporal) wage contracts and on-the-job search.

Also related are extensions of the Burdett -Mortensen model (Burdett and Mortensen

1998) which allow for back-loading of wages, see Burdett and Coles (2003) and Stevens

(2004). We want to point out that the mechanism at play in these papers is very di¤erent

from the one in our paper. In their models, search is ine¢ cient from the point of view

incumbent �rm and the employee, as it reduces their joint income. The employer discourages

job quits by back-loading wages (but never to the extent that the wage is higher than output).

In our model, by contrast, on-the-job search is e¢ cient, as it increases the joint value of the

incumbent �rm and the employee. Back-loading is used to motivate workers to exert e¤ort,

and implies that wages for senior workers exceed output. Reduced on-the-job search then

comes as a costly and unintended by-product of this back-loading.

Finally, as deferred compensation plays an important role in our paper, it is interesting

to note that several empirical studies do suggest that deferred compensation is important.

Medo¤ and Abraham (1980) �nd that pay increases with seniority, although supervisors�

rating of performance do not. Lazear and Moore (1984) compare age-income pro�les for

tenured workers and for self-employed workers, for whom there exists no agency problems.

They �nd that the returns to seniority are higher for tenured workers, and attribute this

to deferred compensation. Katlikof and Gokhale (1992) compare wages and productivity
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of more than 300,000 workers in a Fortune 1000 �rm. They �nd a substantial degree of

deferred compensation for all categories of workers. In particular, managers�productivity

exceeds compensation by a factor of more than two at the age of 35, while the opposite

is true at the age of 57. Barth (1997) documents that workers on piece-rate compensation

schemes have neglible returns to seniority, while workers who are not paid by piece-rates

earn signi�cant returns to seniority.

The paper is organized as follows. Section 2 describes our model. Section 3 de�nes

equilibrium and section 4 characterize equilibrium. Section 5 analyzes multiple equilibria.

In section 6 we study implications for contractible e¤ort, �rm-speci�c human capital and

entrepreneurship. Section 7 discusses our main assumptions and section 8 concludes. Proofs

are relegated to the appendix.

2 The Model

We study an overlapping generations model where workers live for two periods. The economy

consists of two types of �rms, ordinary �rms and specialized �rms. All workers start their

career in ordinary �rms. After the �rst period they qualify for a job in a specialized �rm,

where their productivity is higher. However, �nding a specialized job is hard due to search

frictions. All agents are risk neutral with zero discount rate. As there is no interaction

between the generations, each generation can be studied in isolation.

Ordinary �rms may employ both young and old workers. The productivity of a young

worker in an ordinary �rm is y1+e, where e 2 f0; eg is her e¤ort level. The cost of e¤ort is ec,

c < 1. We introduce a moral hazard problem which may call for deferred compensation, and

do this in the simplest possible way by assuming that the e¤ort level of a worker �rst can be

observed in the following period. This may re�ect that e¤ort is hard and time-consuming to

observe, for instance because it takes time to complete the project the worker is participating

in and the e¤ort level cannot be observed before the project is completed. Alternative model

speci�cations that give rise to deferred compensation is presented in the discussion section.

Old workers make no e¤ort choice, and produce y2 units in ordinary �rms and yp units in
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specialized �rms, yp > y2.2

For simplicity, we assume that the labor market for jobs in ordinary �rms is frictionless,

and equivalent to the Walrasian market solution. In the labor market for specialized �rms

the frictions are non-neglible, so that there are unmatched agents on both side of the market

and wages are determined by bargaining. Free entry of both �rm types implies zero pro�ts

in equilibrium.

Ordinary �rms go into a period with a set of existing (old) employees, while specialized

�rms enter the period with no workers. Specialized �rms only hire old workers, and therefore

have new workers each period. Each period is divided into four stages, the hiring stage, the

production stage, the remuneration stage and the search stage.

Ordinary �rms

At the hiring stage, ordinary �rms can hire both young and old workers. The �rm

can thus potentially have three di¤erent categories of workers: young (junior) workers, old

workers with tenure (senior workers) and old workers without tenure. Junior workers are

o¤ered a wage schedule ! = fw1; w2(e)g, where w1 2 R denotes the wage in the current

period and w2(e) : f0; eg ! R is the wage in the next period, given that the worker is still

employed in that �rm. Newly hired old workers are o¤ered a wage wo 2 R. Senior workers

work under the contract signed in the previous period.3

At the production stage, junior workers choose e¤ort level e and produce y1 + e units

of output. At the remuneration stage, the workers are paid their wages according to the

2Several arguments support that turnover can be e¢ cient. Workers may try out several jobs to determine
their comparative advantage (Johnson, 1978) or because of match-speci�c productivity di¤erences (Jovanovic,
1979). A worker�s relative productivity in di¤erent �rms may also change over time as she gains experience
and expertise (Moen and Rosén, 2004). Furthermore, sectorial shocks to the economy may warrant a re-
allocation of workers. Finally, with technological progress, e¢ cient dissemination of knowledge may require
turnover as workers may learn from each other (Saxenian, 1994). The main results of this paper also hold
under the less restrictive assumption that only some rather than all workers have a higher productivity in
search �rms and that only those workers engage in search.

3We assume that �rms don�t pay workers who have left the �rm. This may be because: a) It is hard to
verify whether movers had high e¤ort in the �rst period. b) A �rm�s reputation may su¤er more from breaking
the contract if the worker in question is still employed than if she has quitted. c) Deferred compensation
may re�ect the (expected) gain from promotions. As argued in Carmichael (1983), it may be easier for a
�rm to commit to promotions than to cash payments not associated with particular positions, e) It may be
easier for a worker to retaliate in informal ways after a breach of contract if she is still employed than if she
works in another �rm.

6



contract.

At the search stage, junior workers may search for both specialized jobs and ordinary

jobs. Searching for specialized jobs is costly. A search intensity of s implies an e¤ort cost of

s2=2. Searching for an ordinary job is costless. Senior /old workers do not search. Ordinary

�rms post vacancies at no cost.

Specialized �rms

At the hiring stage, specialized �rms who have found a worker bargain with her over the

wage. The resulting bargained wage is denoted by wp. At the production stage the worker

produces without any moral hazard problems, and in the remuneration phase the worker

receives a wage according to the contract.

At the search stage the specialist �rms may advertise a vacancy at cost K. A �rm that

advertised a vacancy last period but did not receive any applicants has to pay the cost K

over again if it wants to search for a worker. The employees in specialized �rms leave the

market at the end of the period and hence do not search.

Matching

Matching takes place between the periods. The number of matches between searching

workers and specialized �rms is determined by a constant return to scale matching function

x(su; v) up to the point where x = min[u; v], where u is the measure of searching workers,

s their average search intensity, and v the measure of vacancies posted by specialized �rms.

We assume that the matching function is Cobb-Douglas, i.e., x(su; v) = A(su)�v1��. Let p

denote the probability of �nding a job per unit of search intensity and q denote the probability

that a vacancy is �lled. It follows that

p(�) = A�1��; (1)

q(�) = A���; (2)

where � = v=su (The bound on the matching function ensures that the probabilities are less

than one).4 It follows from the de�nition of the matching function that the probability of
4We think of our matching process as a reduced form of a matching process set in continuous time. The

probability of �nding a job may then be interpreted more broadly as the fraction of the available time the
worker is in the specialized �rm.
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�nding a job for a worker with search intensity s is sp, sp � 1. 5

If the worker is matched with a specialized �rm and the bargaining game is successful,

the worker quits and starts working in the specialized �rm. Otherwise, the worker chooses

between staying in the ordinary �rm or to move to another ordinary �rm.

Bargaining

We assume that yp �K is su¢ ciently large so that the market for specialized jobs is op-

erating. The value of a vacancy is given by the value of hiring a worker times the probability

of �nding one. That is,

V = q(yp � wp)

= K; (3)

where the last equation follows from entry. When bargaining, the outside option of the

worker is the contracted wage w2 in the ordinary �rm. In order to avoid uninteresting

technicalities we assume that w2 is unobservable to the specialized �rm, which only knows

the distribution of wages in the economy. As we only consider pure strategy equilibria, all

workers in equilibrium have the same fallback wage w2, and this equilibrium wage is thus

the outside option of the workers.6 Wages are determined by the Nash sharing rule. In the

discussion section we derive the solution of the bargaining game as the equilibrium of an

ultimate o¤er game.

We assume that the worker�s bargaining power is given by � and thus equal to the

weight on unemployment in the Cobb-Douglas matching function. It follows that the Hosios

condition for constrained e¢ ciency applies (Hosios, 1990). Hence, the matching process in

5Albrecht, Gautier and Vroman (2006) have pointed out that coordination externalities associated with
multiple applications may arise in a discrete setting. The coordination externality will not arise if search
e¤ort relates to information gathering to �nd out which job to apply to and to the quality of the application
rather then number of applications. Note also that the coordination externality disapears if the matching
processes is set in continuos time or if �rms may give a job o¤er to more applicants if the �rst applicant(s)
turn down the o¤er (Kircher, 2008).

6If w2 was observable, this would imply that the current employer could jack up the wage and thereby the
value of search for her employees. As shown by Shimer (2006), this may lead to an untractable equilibrium
distribution of wages.
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itself does not lead to distortions. In Appendix 3 we show that the search equilibrium is

e¢ cient also in our setting.

It follows from the bargaining game that the wage in a specialized �rm is given by (see

the discussion section for details)

wp = �yp + (1� �)w2: (4)

From (1) and (2) it follows that q = A
1

1�� p�
�

1�� . Substituting q = A
1

1�� p�
�

1�� and (4) into

the zero pro�t condition (3) gives

p = A
1
� [
(1� �)(yp � w2)

K
]
1��
� : (5)

3 Equilibrium

Before characterizing the equilibrium of the model we make some observations. The zero

pro�t requirement of ordinary �rms implies that the wage for newly hired old workers in

ordinary �rms equals productivity; wo = y2. Thus, in order to retain an old worker if she does

not obtain a job o¤er in a specialized �rm, the contract must specify a wage w2(e) � wo = y2.

We refer to this as the worker�s interim participation constraint. As we will see shortly, the

interim participation constraint does not bind if the worker exerts e¤ort. If the worker does

not exert e¤ort, the �rm is indi¤erent between retaining the worker at wage y2 and letting

the worker go. We assume without loss of generality that the wage schedule satis�es the

worker�s interim participation constraint. Thus, the expected utility of a worker is,

u(!; e; s) = w1 � ec+ spwp + (1� sp)w2(e)� s2=2: (6)

With some abuse of notation, let u(!; e) = maxs u(!; e; s). Let sw denote the worker�s choice

of s, given by the �rst order condition

sw =
p(wp � w2(e))


(7)

Let u denote the expected utility of a young worker that enters the market. The pro�t of

an ordinary �rm reads
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�(!; e) = y1 + e� w1 + (1� s(w2(e))p)(y2 � w2(e)): (8)

The optimal contract can now be de�ned as follows:

De�nition 1 The optimal contract (e!; ee) is a wage schedule e! = f ew1; ew2(e)g and an e¤ort
level ee that solves

max�(!; e) subject to

1. Incentive compatibility:

u(e!; ee) = max
e2f0;eg

u(e!; e):
2. Interim participation: ew2(e) � y2; e 2 f0; eg:

3. Participation:

u(e!; ee) � u:
We are now ready to de�ne the equilibrium.

De�nition 2 The equilibrium is a contract (!�; e�), a search intensity s�, a job �nding rate

p�, a wage w�p and a utility u
� such that

1. The contract (!�; e�) is an optimal contract.

2. Optimal search intensity: s� = argmaxs u(!�; e�; s):

3. Equilibrium in the search market: w�p and p
� solve (4) and (5).

4. Zero pro�t of ordinary �rms: �(!�; e�) = 0.
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4 Characterizing equilibrium

In this section we characterize equilibrium. First we study on-the-job search and deferred

compensation in some detail. The sum of u and � is given by (from 6 and 8)

u+ � = y1 + y2 + e(1� c) + sp(wp � y2)� s2=2

y1 + y2 + e(1� c) + 
(s); (9)

where


(s) = sp(wp � y2)� s2=2; (10)

is the joint gain from search (the functional dependence on p and wp is suppressed). De�ne


max = maxs
(s) and let smax denote the corresponding value of s. Then

smax =
p(wp � y2)


; (11)


max =
p2(wp � y2)2

2
: (12)

(where the functional dependences on wp and p are suppressed). The worker, by contrast,

chooses sw de�ned by (7), which inserted into (10) gives (with 
w = 
(sw))


w =
p2(wp � w2)((wp � y2)� (y2 � w2))

2
; (13)

with w2 = w2(e). By comparing (11) and (7) it follows that the worker maximizes the joint

gain from search 
 if and only if w2(e) = y2, in which case there is no externality on the

�rm from the worker�s search behavior. De�ne

L = 
max � 
w: (14)

We refer to L as the loss associated with too low search intensity when the worker receives

deferred compensation. Finally, inserting u(!; e) = u and (14), into (9) gives

� = y1 + y2 + e(1� c) + 
max(wp; p)� L(D; p)� u: (15)

Let D = w2� y2 denote the amount of deferred compensation the wage schedule gives to the

worker.
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Lemma 1 The loss L is a function of p and D, and reads

L(D; p) =
D2p2

2
: (16)

The loss is increasing in the amount of deferred payment D and tightness p in the search

market. The higher D is, the further away is the worker�s search intensity from the search

intensity that maximizes the joint gain from search. The higher p is, the more it matters

that the search intensity is too low. Hence deferred compensation is less attractive when the

overall turnover rate in the market is high. Note that the loss is independent of wp.

If the �rm wants to implement high e¤ort, incentive compatibility clearly implies that

w2(e) > w2(0). It is trivial to show that the interim participation constraint binds; w2(0) = y2

(the "shirker" is punished as hard as possible). Let D = w2(e)�y2 denote the lowest amount

of deferred compensation consistent with the incentive compatibility constraint u(e) � u(0).

The following then holds:

Lemma 2 D = D(p; wp) is increasing in both p and wp, and is implicitly de�ned by the

expression

Dp2[D � 2(wp � y2)] + 2D = 2ce: (17)

Furthermore, D is strictly increasing in c.

The value of D has to be higher when the probability that the worker is there to pick it

up is low (p high) and when the wage in the specialized �rm, wp, is high. This explains why

D is increasing in p and wp.

We distinguish between two types of equilibrium, the e¤ort equilibrium (!e; se; pe; wep; u
e)

and the no-e¤ort equilibrium (!n; sn; pn; wnp ; u
n), where the asterix is skipped for convenience.

The no-e¤ort equilibrium

In this case the incentive compatibility constraint is trivial to satisfy and with slight

abuse of notation we set w2(e) = w2(0) = wn2 . From (15) it follows that the �rm will set

D = 0, and thus that wn2 = y2. Equations (4) and (5) then gives

wnp = �yp + (1� �)y2;

pn = A
1
� [
(1� �)(yp � y2)

K
]
1��
� :
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From (15) it follows that the pro�t in the ordinary �rm is given by

�n = y1 + y2 + 

max(pn; wnp )� un: (18)

The zero pro�t constraint implies that

un = y1 + y2 + 

max(pn; wnp ): (19)

Since wn2 = y2 the zero pro�t condition implies that wn1 = y1. Finally, for this to be an

equilibrium, it must be true that max! �(!; 0) � max! �(!; e). If the �rm implements e¤ort

it sets wn2 (0) = y2 and wn2 (e) = y2 + D(p
n; wnp ). From (15) it follows that the no-e¤ort

equilibrium exists, if and only if

L(D(pn; wnp ); p
n) � e(1� c): (20)

Thus, the no-e¤ort equilibrium exists if the loss of implementing e¤ort due to distortions

in the search e¤ort, given the equilibrium values pn and wnp , is greater than the gain from

implementing a high e¤ort level. The no-e¤ort equilibrium obviously exists for c = 1, and

by a continuity argument it follows that the no-e¤ort equilibrium exists if c is su¢ ciently

close to 1.

The e¤ort equilibrium

In the e¤ort equilibrium the �rm sets we2(0) = y2 and w
e
2(e) = y2 +D(p

e; wep). From (4)

and (5) it then follows that

wep = �yp + (1� �)(y2 +D(pe; wep)); (21)

pe = A
1
� [
(1� �)(yp � y2 �D(pe; wep))

K
]
1��
� :

Using (15) the pro�t of the �rm reads

�e(e) = y1 + y2 + e(1� c) + 
max � L� ue: (22)

Zero pro�ts gives that

ue = y1 + y2 + e(1� c) + 
max � L: (23)
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In period 2, the �rm pays an expected deferred compensation of sepeD. Thus, we1 = y1 �

sepeD: Finally, for high e¤ort to be an equilibrium, it must be true that max! �(!; e) �

max! �(!; 0). Analogous with (20), this is true if and only if

L(D(pe; wep); p
e) � (1� c)e: (24)

Thus, the e¤ort equilibrium exists if the loss of implementing e¤ort due to distortions in

search e¤ort, given the equilibrium values pe and wep, is smaller than the gain from imple-

menting a high e¤ort level. The e¤ort equilibrium obviously exists for c = 0, and by a

continuity argument it follows that the e¤ort equilibrium exists if c is su¢ ciently close to 0.

We summarize our �ndings so far:

Proposition 1 The no-e¤ort equilibrium exists for values of c su¢ ciently close to one. The

e¤ort-equilibrium exists for values of c su¢ ciently close to 0.

We want to illustrate the di¤erent equilibria in a �gure. De�ne D
W
(p) � D(p; wp(p)),

where wp(p) is de�ned by (21). In the appendix we show that

dD
W
(p)

dp
> 0 (25)

The curve is upward sloping, re�ecting that the higher is the job �nding rate, the larger

amount of deferred compensation is necessary to induce e¤ort.

Second, from the zero pro�t condition (5) we can a write p as a function of D,

p = pFE(D);
dpFE(D)

dD
< 0: (26)

The curve shows the job �nding rate p that is consistent with the zero pro�t condition for

specialized �rms (or free entry condition) as a function of D. The higher is the deferred

compensation, the higher is wp, and hence the lower is the number of �rms that enter the

market.

In the p � D space the e¤ort equilibrium is is obtained at the intersection of the two

curves. The no-e¤ort equilibrium is de�ned by D = 0 and pn = pFE(0). The two equilibria

are shown in �gure 1.
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5 Multiple equilibria

In the previous section we derived conditions under which the e¤ort and the no e¤ort equi-

librium may exist. An interesting issue is whether they may exist simultaneously.

Inspecting the loss function gives us an indication that this may actually be the case.

As we2 > wn2 , it follows immediately that p
e < pn. With some abuse of notation, write

L(p) � L(p;D
W
(p)). From lemma 1 and (25) it then follows that L0(p) > 0, and thus in

particular that

L(pe) < L(pn):

Thus, the cost of implementing high e¤ort is higher in the no-e¤ort equilibrium than in the

e¤ort equilibrium.

Let ce denote the highest value of c such that (24) is satis�ed for all c � ce and let cn

denote the lowest values of c such that (20) is satis�ed for all c � cn. It follows that ce and

cn satisfy the equations

L(pe) = e(1� ce) (27)

L(pn) = e(1� cn) (28)

Furthermore, de�ne turnover in the economy by sp.

Proposition 2 There exists a non-empty interval [cn; ce] such that the model exhibits mul-

tiple equilibria whenever c 2 [cn; ce]. One equilibrium is characterized by high e¤ort, low

turnover and deferred compensation, while the other is characterized by no e¤ort, high

turnover and no deferred compensation.

The intuition for this result is as follows. Suppose we are in the no-e¤ort equilibrium.

Then w2 is relatively low, as no �rms defer compensation. Therefore many specialized �rms

enter the market and on-the-job search is valuable. If a �rm deviates and implements high

e¤ort, it has to defer compensation and distort workers� search e¤ort. Since search is so

valuable this comes at a high cost (L is high) and hence, the deviation is not pro�table.

Suppose then instead that all �rms in the economy implement high e¤ort and thus defer

wages. In this case, few specialized �rms enter the market, and the return from search is
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lower. Consider then a deviating �rm, that does not implement a high e¤ort and thus does

not defer compensation. Although this increases the joint gain from search, the increase is

moderate since there are relatively few �rms to search for anyway. Multiple equilibria are

illustrated in �gure 2.

More generally, when all the other �rms use deferred compensation, the search market

is "designed" for workers with a high period-two wage, in the sense that the equilibrium

maximizes the value of search for workers with a high period 2 wage. The gain for a worker-

�rm pair of improving the incentives for the worker to do on-the-job search is lower in this

situation than in the situation where the equilibrium of the search market is designed for

workers with a low period two wage.

Put di¤erently, the outcome in the search market depends on the behavior of the agents

on the other side of the market, and that will again depend on the agents on the same

side of the market. Thus, there exists a feedback e¤ect from the search behavior of the

average worker in the market to the gain from search for any individual worker. Since the

search behavior depends on the wage contract in question, it follows that the gain from

implementing high e¤ort and defer payment depends on the extent to which the other �rms

in the market defer compensation.

We want to analyze how the equilibrium con�gurations depend on search frictions, mea-

sured by A (the e¢ ciency of the matching technology), or equivalently by K. We say that

the e¤ort equilibrium is more likely if ce increases, and that the no-e¤ort equilibrium is more

likely if cn decreases.

Proposition 3 An increase in the search frictions (reduced A or increased K) makes the

e¤ort equilibrium more likely and the no-e¤ort equilibrium less likely.

Welfare As the workers receive the entire economic surplus, the relevant welfare measure

is the utility of workers entering the market, u. From (19) and (23) it follows that the utility

in the no-e¤ort and e¤ort equilibrium can be written as.

un = y1 + y2 + 

max(pn; wp)
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ue = y1 + y2 + 

max(pe; wp) + e(1� c)� L(pe; D

e
)

From the proof in Appendix 3 it follows that the gain from search 
max is maximized (given

the zero pro�t constraint of specialized �rms) when w2 = y2. The unconstrained e¢ cient

allocation thus requires that e = e; p = pn; and s = sn. It follows that both equilibria

are ine¢ cient. The no-e¤ort equilibrium because there is no e¤ort. The e¤ort equilibrium

is ine¢ cient for two reasons. First, due to deferred compensation workers search too little,

and this is captured in the dead weight loss L. Second, there are too few �rms entering the

market, and for that reason 
max(pn; wp) > 
max(pe; wp) (see 12).

In general one can not show that one equilibrium welfare dominates the other. The

exception is if the e¤ort cost, c; is close to the upper boundary cn for when the high-e¤ort

equilibrium exists. In this case the low-e¤ort equilibrium dominates:

Proposition 4 Given c is close to cn, social welfare is higher in the no-e¤ort equilibrium

than in e¤ort equilibrium.

Proof. When c is smaller but close to cn then e(1�c)�L(pe; De
) � 0. Since 
(pn; wn) >


(pe; we) it follows that un > ue.

The opposite does not hold. It may be that if c is close to ce, the no-e¤ort equilibrium

still dominates the e¤ort equilibrium.

6 Implications

In this section we study contractible e¤ort, investments in �rm speci�c human capital and

supply of entrepreneurs.

6.1 Piece rate payment or deferred compensation?

Suppose young workers undertake two types of e¤ort, unobservable e¤ort e 2 f0; eg as in the

last section and observable and contractible e¤ort d, where d is a continuos variable. The

total cost of e¤ort is �(e; d), where � is convex in (e; d). We de�ne the cost of unobservable

e¤ort as c(d) � �(e; d)� �(0; d). It follows that c0(d) > 0.
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In a no-e¤ort (e = 0) equilibrium, the �rm maximizes pro�ts given by

�n = y1 + y2 + d� �(0; d) + 
max � �un:

It follows trivially that the �rm wants to implement the �rst best level of d, given by @�(0;d)
@d

=

1. With a linear incentive scheme w1 = a + b(y1 + d) this can be implemented by setting

b = 1. Since w2 = y2 the zero pro�t condition then implies that a = y1.

Consider then the e¤ort-equilibrium (e = e). From lemma 2 we know that D is increasing

in c. The pro�t in this case reads

�e = y1 + y2 + e+ d� �(e; d) + 
max � L(p;D)� �ue:

The �rst order condition for d reads

@�e

@d
= 1� @�(e; d)

@d
� LD

dD

dc
c0(d) = 0;

or
@�(e; d)

@d
= 1� LD

dD

dc
c0(d) < 1:

Thus, the marginal e¤ort cost of d is less than one. The reason is that increasing contractible

e¤ort (short-term bonuses), d, means increasing the costs of unobservable e¤ort (which in

itself is captured in �). This increases the amount of deferred compensation and thus the

implementation cost L of high e¤ort. This e¤ect is a direct response to the deadweight loss

associated with deferred compensation.

Suppose again that the �rm implements the optimal d, de, by a linear wage schedule of

the form a+ b(y1+d); with an upper bound at y1+de. Up to the bound, the worker chooses

d such that �d = b, thus the optimal e¤ort level is obtained by setting

b = 1� LD
dD

dc
c0(de)

Proposition 5 The incentive power of the short-term wage contract is lower in the e¤ort-

equilibrium than in the no-e¤ort equilibrium

As mentioned in the introduction, the prediction that �rms which use deferred compen-

sation to a lesser extent than other �rms are likely to use short-term bonuses is supported

by Bayo-Moriones et al, (2004).
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6.2 Firm-speci�c human capital

We now turn to �rm-speci�c human capital h. The �rm can invest in human capital in

young workers, and the gain is reaped when the workers are senior. The cost of investing h

e¢ ciency units of �rm-speci�c human capital is denoted by g(h); where g is increasing and

convex in h. The investment increases second-period productivity of the worker in that �rm

from y2 to y2 + h.

Consider a �rm that does not implement e¤ort. In order to obtain optimal job search,

the ordinary �rm sets the period 2 wage equal to worker productivity, w2 = y2 + h. The

pro�t of the �rm reads (analogue to equation 18)

�n = y1 + y2 + h� g(h) + max
s
[spn(wp � y2 � h)�

s2

2
]:;

The �rst order conditions for h is given by (due to the envelope theorem, the e¤ect through

sn can be ignored)

g0(h) = 1� snpn: (29)

Consider then a �rm that does not implement e¤ort. As before we de�ne w2 = y2+D. As

the interim participation constraint and the incentive compatibility constraint is unchanged,

so is D. From (22) it follows that

�e(e) = y1 + y2 + h+ (1� c)e+ sepe(wep � y2 � h);

where se is de�ned in (7). Since D, and thus se is independent of h it follows that

g0(h) = 1� sepe: (30)

Since sn > se and pn > pe it follows that the investments in �rm-speci�c human capital is

higher in the e¤ort equilibrium than in the no-e¤ort equilibrium.

The loss associated with deferred compensation also falls in the presence of human

capital investments. The amount of deferred compensation is given by D � h, and the loss

function (16) can thus be written as

L(D; p; h) =
(D � h)p2

2
:
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Above we said that the e¤ort equilibrium becomes more (less) likely if ce increases (de-

creases), and the no-e¤ort equilibrium becomes more (less) likely if cn decreases. As invest-

ments in �rm-speci�c human reduces the loss L, it follows that the introduction of �rm-

speci�c human capital makes the e¤ort equilibrium more likely and the no-e¤ort equilibrium

less likely.

Proposition 6 a) Firms in e¤ort equilibrium invest more in �rm-speci�c human capital

than �rms in no-e¤ort equilibrium.

b) The presence of �rm-speci�c human capital makes the e¤ort equilibrium more likely

and the no-e¤ort equilibrium less likely.

The presence of �rm-speci�c human capital creates a wedge between the productivity

of senior workers and newly hired old workers in ordinary �rms, and this increases the

scope of punishing the worker without deferring compensation. In addition, �rm-speci�c

human capital reduces the optimal turnover rate in the economy. As a result, the option

implementing e¤ort becomes relatively more pro�table.

6.3 Entrepreneurship and venture capital

Entrepreneurs are often former employees of �rms in the same industry. Furthermore, entre-

preneurs often need access to particular kinds of funding, (e.g., venture capital), for which the

market may be thin. The matching process between venture capitalists and entrepreneurs

may be similar to the search market described above.

For a potential entrepreneur, the shadow price of becoming an entrepreneur is contin-

ued employment. This shadow price is higher with deferred compensation than without.

Furthermore, when bargaining over terms of trade with a venture capitalist, the economic

compensation of continued employment is likely to in�uence a potential entrepreneur�s bar-

gaining position. Thus, in low-turnover equilibrium with deferred compensation, entrepre-

neurship is less attractive, because the shadow price in terms of foregone wages is high.

Just as with specialized �rms, this may also reduce the number of entrepreneurs entering

the market. The mechanism creating multiple equilibria may then again be at work: in
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low-turnover equilibrium, few venture capitalists enter the market, hence the loss of deferred

compensation caused by reduced entrepreneurship is small. In high-turnover equilibrium, by

contrast, a large number of venture capitalists enter the market, and distortions associated

with low entrepreneurial activity are large.

7 Discussion

In this section we �rst analyze alternative ways to model worker e¤ort. Then we study an

extensive form bargaining game that leads to the wage equation (4).

7.1 Main assumptions

Modelling of e¤ort

In this paper we assume that e¤ort is observable with a time lag, and this forces �rms

to use deferred compensation in order to motivate the worker. However, this is only one

reason why deferred compensation may be warranted. Another reason may be that e¤ort is

observed in the same period but with noise. We want to demonstrate the need for deferred

compensation under this alternative assumption more precisely, and show that also in this

case the trade-o¤between e¤ort provision and e¢ cient turnover arise. We make the following

additional assumptions:

1. A worker exerts e¤ort in both periods, so that output in period i is yi = y + ei, where

ei is e¤ort in period i, i = 1; 2

2. There is a lower bound on the wage a worker can o¤er in any period. To simplify the

exposition we set the lower bound equal to y.

The rest of the model is as before. Let � denote the probability that the �rm observes

that the worker provides no e¤ort, e = 0. Suppose the contract speci�es that e = e. Suppose

this is to be implemented in a period by period basis, without deferred compensation. The

highest wage the �rm can pro�tably pay is y + e. The cost of e¤ort is ec. The non-shirking
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condition reads y + e(1� c) � y + e(1� �). High e¤ort can thus only be implemented if

c=� � 1

We assume that this is not the case.

Consider deferred compensation. If a worker that is detected "shirking" in period 1,

she cannot pro�table be incentivized in period 2 as c=� � 1. She thus obtains obtains y

in period 2. Consider a contract with deferred compensation, where a worker who is not

detected shirking in any period gets w1 = y in period 1 and w2 = y + 2e in period 2. The

worker will not shirk in period 2 if c=� � 2. The period 2 utility of a worker is thus 2e+y�ce,

and independent of wether the worker provided e¤ort in period 1 or not.

In period 1, the lifetime utility of a shirker is 2y� + (1 � �)(2y + 2e � ce). The lifetime

utility of a non-shirker is 2y + 2e� 2ce. The non-shirking condition in period 1 thus reads

2y + 2e� 2ce � 2y� + (1� �)(2y + 2e� ce);

or

c=� � 2� c:

Thus, if the parameters satisfy

1 < c=� � 2� c;

high e¤ort can be implemented if and only if the �rm uses deferred compensation.

The point is that even if the period-by period bonus available is insu¢ cient to motivate

the worker, the aggregate surplus over the workers�career is. Deferring the compensation to

the end of the second period allows the �rm to use the bonuses in both periods to motivate

the worker. This doubles the incentives to exert e¤ort in the second period. Furthermore,

since the e¤ort cost in period 2 is less than the bonus available in that period (c < 1),

it also increases the incentives to exert e¤ort in period 1. Put di¤erently, with deferred

compensation the �rm makes the decision based on two observations instead of one. The

increased information increases the scope for implementing a high e¤ort level.
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7.2 Bargaining and stability of equilibrium

When deriving wages we used the Nash bargaining solution. At the same time we assumed

that �rms cannot observe individual wages, only the distribution of wages in the economy.

As all workers have the same fallback wage w2 in equilibrium, applying the Nash bargaining

solution is well de�ned. However, in order to analyze the stability of the equilibrium we set

up and solve a strategic bargaining game between individual workers and �rms. We then

show that our equilibrium is stable in a well de�ned sense.

The bargaining game is modelled as an ultimate o¤er game with the following timing:

1. With probability � and 1 � �, respectively, nature chooses the worker or the �rm as

proposer.

2. The proposer o¤ers a wage o¤er wip, where i = w (the worker proposes) or i = f (the

�rm proposes).

3. The other agent accepts or rejects the o¤er. If the o¤er is accepted, the game ends, and

production starts immediately at the agreed terms. If the wage o¤er is not accepted,

the match ends. In this case the worker continues in her current job, while the �rm

remains unmatched and obtains zero pro�t.

If the worker proposes, she proposes a wage equal to her productivity, wwp = yp and the

wage claim is accepted. Suppose then that the �rms assign probability 1 to the event that

the workers�wage is w2. If the �rm proposes, it proposes a wage wfp = w2. The expected

wage is thus given by wp = �yp + (1� �)w2, identical to the Nash bargaining solution.

Consider then an e¤ort equilibrium, and suppose a fraction � of the �rms deviates,

implement no e¤ort, and set w2 = y2. (The other �rms set w2 = we2) In the bargaining game,

the probability that the �rms�opponent has a fallback wage w2 = y2 is given by

� =
�sn

�sn + (1��)se (31)

The pay-o¤ to a proposing �rm is thus
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� = yp � wfp if wfp � we2

� = �(yp � wfp ) if y2 > wfp � we2

� = 0 if we2 > w
f
p

Clearly, if � is su¢ ciently small and � su¢ ciently close to 1 the �rm proposes we2, and

the expected wage is equal to the Nash wage when the outside option of the worker is we2.

It follows that the e¤ort equilibrium still exists, and one can show that as � ! 0 the

equilibrium converges to the e¤ort equilibrium without deviators.

Analogously, consider a no-e¤ort equilibrium, and suppose a fraction � of the ordinary

�rms deviate and implement e¤ort. Denote the corresponding period 2 wage by wd2. By the

same argument it follows that the �rm will o¤er a wage y2, which a worker in a deviating

�rm will reject. Again the Nash wage wp = �yp + (1 � �)y2 prevails, and as � ! 0 the

equilibrium converges to the no e¤ort equilibrium without deviators.

8 Conclusion

This paper analyses moral hazard in a model of on-the-job search. As worker e¤ort is

observed with a time lag, the optimal incentive contract includes deferred compensation.

However, deferred compensation distorts the workers�on-the-job search decisions, as it gives

the workers too weak incentives to search on the job. Due to feedback e¤ects between �rms�

choice of wage contracts and entry in the on-the-job search market, multiple equilibria may

emerge. In one equilibrium, �rms o¤er incentive contracts with deferred compensation, which

lead to high e¤ort and low turnover rates. In the other equilibrium �rms do not o¤er deferred

compensation, and this lead to low e¤ort and high turnover. Our model contributes to a

growing literature that incorporates private information into matching models of the labor

market. Our model also sheds light on the observed di¤erences in turnover rates between

countries (U.S. and Europe/Japan) and regions (Silicon valley and Massachusetts� route

128).

Our model has several empirical implications. The equilibrium with deferred compensa-
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tion is more likely to prevail in markets with large search frictions, inclined to give weaker

incentives to contractible performance (less use of short-term bonuses) and lead to higher

investments in �rm-speci�c human capital than in the equilibrium without deferred com-

pensation. Furthermore, entrepreneurship and venture capital may be more frequent in

high-turnover equilibrium than in low-turnover equilibrium. These implications are in line

with popular perceptions of the di¤erences between e.g. the US and Japan or between

Silicon Valley and Massachusetts.

Appendix

Appendix 1. Proof of Lemma 1

We have that

L(D; p) = 
max(p)� 
(p; sw(p;D))

=
p2(wp � y2)2

2
� swp(p;D)(wp � y2) +

sw2(p;D)

2

=
p2(wp � y2)2

2
� p

2(wp � w2)(wp � y2


+
p2(wp � w2)2

2

=
p2

2
((wp � y2)2 � 2(wp � w2)(wp � y2) + (wp � w2)2)

=
p2

2
((wp � y2)� (wp � w2))2

=
p2

2
(w2 � y2)2

=
p2D2

2

which completes the proof.

Appendix 2. Proof of Lemma 2

Incentive compatibility requires that u(e!; e) � u(e!; 0). From (6) and (7) it follows that the

incentive compatibility constraint thus reads

p2(wp � w2)2
2

+ w2 � ce �
p2(wp � y2)2

2
+ y2 ,
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p2(wp � y2 �D)2
2

+ y2 +D � ce �
p2(wp � y2)2

2
+ y2 ,

p2(wp � y2 �D)2 + 2D � 2ce � p2(wp � y2)2 ,

p2
�
(wp � y2 �D)2 � (wp � y2)2

�
+ 2D � 2ce,

p2
�
(wp � y2)2 � 2D(wp � y2))2 +D2 � (wp � y2)2

�
+ 2D � 2ce,

p2D [D � 2(wp � y2)] + 2D � 2ce

Thus D is de�ned by

p2D
�
D � 2(wp � y2)

�
+ 2D = 2ce (32)

(ii) Di¤erentiating (32) w.r.t D and p gives

�
2p2D � 2p2(wp � y2) + 2

�
dD + 2pD

�
D � 2(wp � y2)

�
dp = 0

which gives
dD

dp
=

�2pD
�
D � 2(wp � y2)

�
2p2D � 2p2(wp � y2) + 2

Using (32) we have that �2pD
�
D � 2(wp � y2)

�
= 2(D�ce)

p
> 0 and hence the numera-

tor is positive. Since 2p2D � 2p2(wp � y2) + 2 >
p2D[D�2(wp�y2)]+2D

D
and (using (32))

p2D[D�2(wp�y2)]+2D
D

= 2ce

D
> 0 the denominator is also positive, hence dD

dp
> 0:

Di¤erentiating (32) w.r.t to D and wp.

�
2p2D � 2p2(wp � y2) + 2

�
dD � 2p2Ddwp = 0

or
dD

dwp
=

2p2D

2p2D � 2p2(wp � y2) + 2

We have already shown that the denominator is positive. Hence dD
dwp

> 0:

The claim that D is increasing in c follows directly from that the left-hand side of (17)

is increasing in D and the right-hand side increasing in c.
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Appendix 3. E¢ ciency

The problem of maximizing worker utility given the zero pro�t constraint writes

max
s;p

sp(wp � w2)�
s2

2
+ w2 s.t. A

1
1�� p�

�
1�� (yp � wp) = K:

The optimal search e¤ort reads s = p(wp�w2)


, which inserted gives

max
p

p2(wp � w2)2
2

+ w2 s.t. A
1

1�� p�
�

1�� (yp � wp) = K:

The associated Lagrangian is

L =
p2(wp � w2)2

2
+ w2 � �[A

1
1�� p�

�
1�� (yp � wp)�K];

with �rst order conditions

@L

@wp
= 0, p2(wp � w2)


+ �A

1
1�� p�

�
1�� = 0

@L

@p
= 0, p(wp � w2)2


+ �A

1
1��

�

1� �p
� �
1���1(yp � wp):

Solving out gives

wp = �yp + (1� �)w2 = �yp + (1� �)(y2 +D):

Appendix 4. Proof of equation 25

Di¤erentiating D(p; wp) gives

dD(p; wp)

dp
=
@D(p; wp)

@p
+
@D(p; wp)

@wp

dwp
dp

Using (21) gives

dwp
dp

= (1� �)dD
dp
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or
dD(p; wp)

dp
(1� (1� �)@D(p; wp)

@wp
) =

@D(p; wp)

@p

From lemma 2 we know that the right-hand side is strictly positive, (@D(p;wp)
@p

> 0). It is thus

su¢ cient to show that @D(p;wp)
@wp

< 1.

To this end, note that incentive compatibility requires that u(e!; e) � u(e!; 0), which is
satis�ed with equality. Written out, this implies that

snp(wp � y2) + y2 = sep(wp � y2 �D) + y2 +D � ce

where sn is the search intensity with no e¤ort and se is the search intensity with e¤ort.

Di¤erentiating with respect to D and wp gives (due to the envelope theorem we can ignore

changes in sn and se)

snpdwp = s
epdwp + (1� sep)dD

or that
dD

dwp
=
snp� sep
1� sep < 1

provided that snp < 1, which is true by assumption. This completes the proof.

Appendix 5. Proof of proposition 2

First we want to show that cn is unique. To this end, note that pn is independent of c. From

lemma 2 we know D is increasing in c, and hence that an increase in c increases L(pn). The

right-hand side of (28) is strictly decreasing in c. The left-hand side of (28) is zero for c = 0

and strictly positive for c > 0. The right-hand side is strictly positive for c = 0 and zero for

c = 1. It follows that (28) uniquely de�nes cn.

Then consider ce de�ned by equation (27). Since pe < pn, it follows trivially that L(pe) <

L(pn) at c = cn. Hence L(pn) > e(1 � cn). Since (28) de�nes cn uniquely it follows that

cn < ce. The result thus follows.

From (4) we have that wp�w2 is decreasing in w2. From (7) it thus follows that sn > se,

and hence that snpn > sepe.
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Appendix 6. Proof of proposition 3

We have to show that ce and cn both increases. Consider �gure 1. A decrease in A shifts

pFE(D) down (from equation (5)) but does not in�uence D
W
(p). It follows that both pn and

pe shifts down, while L(p) does not shift. From equation (27) and (28) it follows that ce and

cn increases. Exactly the same argument applies for K.
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