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ferred compensation become less attractive the higher is the overall
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fects between the firms’ choice of wage contracts and the turnover
rate in the economy, and these feedback effects may lead to multiple
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1 Introduction

In this paper we analyze the interaction between firms’ choice of wage con-
tracts and the turnover rate in the economy. Our starting point is that
long-term incentive contracts with deferred compensation are warranted in
order to motivate workers to undertake effort. This may be because worker
effort is difficult to measure accurately over a short period of time, or be-
cause worker effort may have consequences for future output. On the other
hand, deferred compensation may distort turnover decisions; as future wages
are set so as to motivate workers early in their careers and not in order to
optimize worker turnover. In particular, workers may be reluctant to quit
and lose the bonus waiting for them.

Turnover is modelled using the Diamond-Mortensen-Pissarides framework
(Diamond 1982, Mortensen 1986, Pissarides 2000) with competitive wage
setting as in Moen (1997). In our model, workers conduct on-the job search
in order to find a job in which they are more productive and better paid
than in their present position. Optimal turnover rates are obtained if a
worker’s current wage equals his productivity. With deferred compensation,
wages for experienced workers exceed their productivity, and search effort is
too low. We show that incentives systems based on deferred compensation
become less attractive the higher is the overall turnover rate in the market.
Furthermore, there exist feedback effects between the firms’ choice of wage
contracts and the turnover rate in the economy, and these feedback effects
may lead to multiple equilibria: A low-turnover equilibrium where firms use
deferred compensation to motivate workers, and a high-turnover equilibrium
where they do not.

Our findings are interesting for several reasons. In a labour-contract per-
spective, our paper is the first to explore the relationship between deferred
compensation and turnover, and show that there exists feedback effects be-
tween wage contracts and market conditions for employed workers. Further-
more, we find that short-term incentives and long-term incentives are sub-
stitutes. This finding is confirmed in a new empirical study (Moriones et al
2004), which finds that firms using deferred compensation to a smaller extent
than other firms are using short-term bonuses as an incentive mechanism.

Our model may also give a new explanation for the huge variations in
turnover rates between countries and regions. For instance, in the US and
the UK the median tenures among employees were (in 1991) 3.0 and 4.4



years, while it was 7.5 years in Germany and 8.2 years in Japan. The frac-
tion of workers with a tenure of less than one year were 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 differences in turnover rates also exist between
regions in the same country. In Silicon Valley, turnover rates are extremely
high. Along "Route 128" in Massachusetts, another prospering area with
a well developed high-technology industry, turnover rates are much lower
(Saxenian 1994). Our model predicts that the countries (regions) with low
turnover to a larger extent use long-term wage contracts with deferred com-
pensation (seniority-based wage, promotion etc.) and to a less extent use
short-term bonus systems than do countries (regions) with a high turnover
rate. Although we have not been able to find data that confirm this implica-
tion, it seems to be in line with popular conceptions of differences between
US and Japan and between Silicon Valley.

To see why we may get multiple equilibria, note the following: If all the
other firms in the market choose long-term wage contracts with deferred com-
pensation, few firms open vacancies for employed workers, because the wages
they have to pay in order to attract such workers are high. Subsequently,
turnover rates are low, and the added costs of using long-term wage contracts
due to distorted turnover decisions are small. We refer to this as low-turnover
equilibrium. By contrast, if the other firms in the market choose short-term
wage contracts, more firms will open vacancies for experienced workers, since
they are easier to attract. The costs associated with distorted turnover de-
cisions are thus higher. It follows that short-term wage contracts may be
optimal. We refer to this as high-turnover equilibrium.

The figure illustrates the two equilibria. The horizontal axis represents
the job finding probability p. The non-shirking constraint shows the wage
necessary to induce long-term effort (hereafter effort) as a function of p. The
search equilibrium line gives the job finding probability p as a function of
the wage wy for experienced workers in their existing jobs. The "lock-in
costs" curve shows the costs associated with distorted turnover decisions as
a function of p given that the wage satisfies the non-shirking constraint. The
net-value of effort line shows the value of long-term effort less of effort cost
(effort is high or low). The productivity line shows the worker’s productivity
in his current job.

The low-turnover equilibrium p' is determined as the intersection between
the non-shirking constraint and the search equilibrium line. For this low value
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of p, the net value of effort exceeds the lock-in cost, and the firms implement
a high effort level. The high-turnover equilibrium p” is determined as the
intersection between the worker productivity line and the search equilibrium
line. For this high value of p, the lock-in cost that emerges if the firm sets a
wage that satisfies the non-shirking constraint outweighs the gain from effort.
The firm thus implements a low effort level and sets the wage equal to worker
productivity to maximize the gain from on-the-job search.

An interesting issue concerns the welfare properties of the two equilibria.
It turns out that the equilibria cannot be Pareto ranked. The state which
gives rise to the highest welfare depends on parameter values.

Our model has several empirical implications. In low-turnover equilib-
rium, firms are inclined to give weaker incentives to short-term performance
(less use of short-term bonuses), rely more on deferred compensation and
invest more in firm-specific human capital than in the high-turnover equi-
librium. Furthermore, entrepreneurship and venture capital may be more
frequent in high-turnover equilibrium than in low-turnover equilibrium. The
implications seem to be in line with popular conceptions of differences be-
tween US and Japan and between Silicon Valley and Massachusetts. The
effects leading to multiple equilibria may be reinforced by other economic
decisions.

There exists a related literature on multiple equilibria and labour market
turnover. One branch of the literature relates multiple equilibria to adverse
selection, see Chang and Wang (1995). With a high turnover rate, the average
quality among the pool of workers that change jobs is high, and thereby also
the wage they obtain in the new job. This makes turnover more attractive,
and may lead to multiple equilibria. A similar argument is made in Acemoglu
and Pischke (1998).

Saint-Paul (1995) shows that multiple equilibria with different levels of
turnover may arise in a matching model with firing costs paid by the firm.
After a negative productivity shock, workers start on-the-job search. If the
job-finding rate is high, the firms will not fire the workers and thus save
on firing costs. This makes it more attractive to open jobs in the first
place. Moene and Wallerstein (1997) obtain multiple unemployment rates
in a shirking model with search frictions and increasing returns to scale in
the matching technology. If the unemployment rate is low, hiring costs are
high, and firms hoard labour after a temporary firm-specific shock. As a
result, the unemployment rate stays low.

Morita (2001) shows how multiple turnover rates may arise as a result
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of firms’ choice of production technology and learning-by-doing. There exist
two types of technologies, and for one of the types turnover is more important
than for the other type. If a firm chooses the "high turnover" technology, it
may suffer from thin market effects if few other firms choose the same type
of technology, and this may lead to multiple equilibria.

Within the search and matching literature, on-the-job search and worker
turnover have been given considerable attention lately. Burdett and Mortensen
(1998) use on-the-job search to explain wage differentials. Their model is ex-
tended in many directions, see for instance Manning (2003) and Burdett and
Coles (2003). Mortensen and Pissarides (1994) and Pissarides (1994) study
on-the-job search within the Diamond-Mortensen-Pissarides matching frame-
work, while Moen and Rosén (2004) study turnover within the competitive
search equilibrium framework. For a recent contribution on turnover and
matching, we refer to Kiyotaki and Lagos (2004).

The paper is organized as follows. Section 2 describes the model. Section
3 characterises the high and low turnover equilibria. In section 4 the condi-
tions for multiple equilibria are derived. Welfare is analyzed in section 5. In
section 6 the model is extended to account for short-term effort, firm-specific
human capital and entrepreneurship. Section 7 concludes.

2 The model

The model has two main ingredients: on-the-job search and deferred compen-
sation. Before we go into the technical details of the model, we will discuss
these two ingredients in some detail.

There are several reasons to believe that job-to-job movements are im-
portant for economic efficiency. First, it is a fact that a lot of job-to-job
movements take place. For instance, Boeri (1999) finds that in Europe, be-
tween 48 and 70 percent of all gross hirings are job-to-job movements. Fallick
and Fleischman (1999) find that in the U.S., 2,7 percent of workers change
employers every month. Furthermore, job changes give workers a large pay-
off. Topel and Ward (1992) find that "wage gains at job changes account for
at least a third of early career wage growth" (for men).From a theoretical per-
spective, there are several arguments that may justify a high turnover rate,
particularly among young employees. First, workers may try out several jobs
to determine their comparative advantage (Johnson 1978). Second, workers
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may do on-the-job search because of match specific productivity differences
as in Jovanovic (1979). Third, a worker’s relative productivity in different
firms may change over time as he gains experience and expertise. Fourth,
sectorial shocks to the economy may warrant a re-allocation of workers on
firms. Finally, with technological progress, efficient dissemination of knowl-
edge may require worker turnover as workers may learn from each other.
Saxonian (1995) argues that dissemination of information through worker
turnover is very important in high-tech areas as Silicon Valley. On the other
hand, search frictions imply that a reallocation of workers on firms is costly,
and hence that some workers may be stuck in jobs in which their productivity
is relatively low.

Deferred compensation is profitable if effort is only observable with noise
and workers have limited liability (the worst feasible outcome for the worker
is to be fired). In this case, motivating workers through short-term contracts
is costly as the firm has to pay a rent to the worker, as in the "shirking-
model" of Shapiro and Stiglitz (1984). With deferred compensation, this
rent may be reduced (Akerlof and Katz 1989 Lazear 1979, 1981). Lazaer also
argues that deferred compensation implies that workers are paid more than
their productivity at retirement age, and that this can rationalize manda-
tory retirement. Lazaer and Rosen (1981) and Malcomson (1984) show that
tournaments can be used as motivators, which also implies that wages are
deferred. Clearly, a firm may also want to use long-term incentives and de-
ferred compensations as motivators if worker effort is only observable after a
period of time. Let us give some examples: A seller may reduce service pro-
vision, which may have bigger long-term than short term effects on sales as
the customer may consider to change supplier. The seller may also boost his
sales in the short run by encouraging the buyer to buy an excessive amount.
Again, this may come at the expense of a good customer relationship in the
future. The quality of a product or a service may not be observable before
a considerable amount of time has elapsed (Laffont and Tirole 1993 ch 4).
Alternatively, effort may improve the quality of the pool of customers. For
instance, a seller of loans may boost short term performance (the number of
loans provided) by being less selective. Another example is that investments
in new routines etc. may enhance productivity in the future.

As noted in Cahuc and Zylberberg (2004 p 353), there exist empirical
studies that indicate that certain firms do in fact use deferred compensa-
tion. For instance, Lazear and Moore (1984) compare age-income profiles
for tenured workers and for self-employ workers, for which there exists no
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agency problems. They find that the returns to seniority is higher for tenured
workers, and attribute this to deferred compensation. Katlikof and Gokhale
(1992) study wages and productivity of more than 300000 workers in a For-
tune 1000 firm. The identifying assumption for the productivity-age profile
is that workers over their careers in the firm are paid a wage equal to their
productivity in expected terms, and workers join the firm at different ages.
For all categories of workers they find a substantial degree of deferred com-
pensation. In particular, for 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) finds evidence that supports the theory of de-
ferred compensation, as piece rate workers have neglible returns to seniority
while workers that are not paid by piece rates have significant seniority effect.
Finally, Dustmann and Meghir (2004) find substantial return to tenure.

Deferred compensation tends to imply that the discounted wage stream
for experienced workers are higher than their discounted productivity stream,
even if worker productivity peaks at this stage. Suppose there are no start-
up costs for firms associated with hiring a person. Free entry of firms then
implies that the discounted marginal value of the worker is equal to his
discounted wage from that firm. If the compensation is deferred, this implies
that at any point in time (except at the hiring point), the net present value
of the wage stream exceeds that of his productivity stream. Hence, it is in
the firm’s interest that the worker quits. With start-up costs, the firm has
to capitalize this cost, and the point in time in which the worker’s expected
wage stream exceeds his expected productivity stream is postponed.

We now turn to the details of the model. The economy consists of a
continuum of workers and firms. The timing goes as follows:

1. Firms hire workers.

2. In period 1, workers choose effort e. We assume that e = 0 or e = 1,
and the cost of effort is ¢. Output this period is y; = y + e. The value
of e can only be observed at the end of period 2.!

3. After period one, the worker decides whether to stay on in the firm or
to quit.

'We assume that effort can be obverved without noise at the end of period 2. Adding
noise would further stengthen our results.



4. In the beginning of period two, employed workers do on-the-job search.

5. If on-the-job search is unsuccessful, he stays on in the firm. His output
in period two is i = y, and this is observable.

6. The period two wage can be made contingent on e if and only if the
worker is employed in period 2 when e is observed.

In a more general setting, some dimensions of effort will be observable
instantly, and can be rewarded by short-term bonuses. This extension will
be analyzed in a later section.

As will be clear below, only "shirkers" (workers that do not exert effort
in period 1) if any will quit after period one. We thus assume that the
shirkers quit the job before the stage at which they do on-the-job search.
This simplifies the algebra, but is not crucial for our results.

The most important assumption is that firms only pay a bonus to workers
that are still employed when e is revealed. This may be rationalized in
several ways. The first thing to note is that as firms have a large number
of employees, stock options will be insensitive to the effort of any single
employee. Thus, to incentivize workers by giving them stock options will be
extremely costly (assuming limited liability). Furthermore, it may be hard for
a worker to control that his former employer actually measures his long-term
effect on productivity accurately without being in the firm. Thirdly, even if
this control problem can be solved, including a payment based on period-two
output when the worker has quitted will, in a more general setting, lead to
new distortions.

We will discuss the last point in some detail. Suppose the gain from
e depends on the effort of the worker’s predecessor. If the initial worker is
residual claimant (or paid a share) of e, the firm and the new workers will not
have (sufficient) incentives to fulfill the project. Thus, paying workers that
quit on the basis of e is costly, as it distorts the incentives of his predecessor.
We capture this by ruling out such payments entirely.?

2To formalise this point, suppose effort in period 1 consists of starting a project. In
period 2, effort with effort cost ca (observable) will increase the probability that the project
is a success from 1 — x to 1. Suppose & > co, so that inducing period 2 effort is efficient
(the value of the project is 1).

Suppose the worker obtains a bonus wy = c if he quits the firm and the project succeds.
It is then in the firm’s interest to induce period 2 effort iff (1 — ¢)x > ¢y. Thus, period
2 effort will not be induced even if it is efficient if 1 — ¢ > cg/x. In order to induce



Let w; denote the wage in period 1, wy the wage in period 2 if he stays in
the firm, and w, the wage obtained if search is successful. Let us(e) denote
the expected income (utility) of a worker that does not quit to become self-
employed in the beginning of period 2 (prior to on-the-job search). This
utility can be written as

s = max sp(w, — ws(e)) + 1w — () (1)

where s is the worker’s search intensity and ¢(s) the cost of search. In what
follows we assume that g(s) = s2/2. The variable p reflects the probability
of finding a job for a unitary search intensity. Both p and w), are considered
exogenous by individual workers and firms, but are determined endogenously
in labour market equilibrium. Let U denote the utility of the worker in the
beginning of period 1. Then

U(e) = wy — ce + max[w, ug). (2)

where w denote the (exogenous) pay-off to the worker if he quits after period
1.

2.1 Optimal wage contracts

The optimal wage contract [w;, ws, *] maximizes firm profits given the fol-
lowing conditions:

1. Worker participation constraint, U(e*) > U, where the outside option
UY is endogenously determined in labour market equilibrium.

2. Incentive compatibility constraint: U(e*) = max, Ul(e).

Suppose first that firms want to implement high effort. Then the incen-
tive compatibility constraint binds. Shirkers quit after period 1. Thus, a
necessary condition for high effort is that the worker is better off exerting
high effort and staying with the firm than shirking and quitting after period
1:

w1+@§w1—c+u2 (3)

period two effort, the highest bonus that can be paid to the worker if he quits is such that
(1 — wg) = co/x. Thus, all the deferred payments cannot be handed out to a worker that
quits, and our main result that deferred payments distort turnover is maintained.
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where u5 is evaluated at e = 1.
Let 2 denote the joint expected income to the worker-firm pair at the
search stage. It follows that € is given by

Q= splw, —y)+y—g(s).

Optimal on-the-job search intensity s is the value of s that maximizes ).
However, the worker is the one that chooses s according to (1). It follows
that the worker only maximizes € if wy = y, in which case uy = €.

Lemma 1 Optimal on-the-job search requires that wy = y.

In what follows, we assume that Q(y) — ¢ < w. It follows that if we = ¥,
workers shirk. Hence the following proposition must be true:

Proposition 2 Suppose w satisfies the inequality stated above. Then high
effort (e = 1) is incompatible with efficient turnover (incompatible with wy =
Y)-

Thus, in a high-effort equilibrium the firm has to increase wy above mar-
ginal productivity y of the worker in order to incentivize the him, i.e., the
firm has to defer compensation to the worker. This comes at a cost, as the
turnover is distorted.

Let L denote the loss associated with an inefficient turnover (with s given
by (1)). The loss is given by

L(ws) = Qy) — Qw). (4)
We have that
Q(wz) = max[sp(w, — wy) +wy — g(s)] = (1 = ps)(wz —y).  (5)
In the appendix we show that as g(s) = s%/2, we can write (see Appendix)
L(wa; p) = p*(wz — y)*/2. (6)

Note that L is increasing in both wy and p.
As L is increasing in ws, the incentive compatibility constraint binds, and
the firm sets wq such that us(ws) = W + ¢. The period 1 wage is then set
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residually so as to satisfy the individual rationality constraint of workers. We
assume free entry of firms, hence the period 1 wage can be written as

w1 :y—i-Q(wg)—i—e—uQ. (7)

In what follows we assume that Q(y) —y > e — ¢ > 0. Thus the value
of effort is higher than the effort cost, but the net value is less than the
(maximal) value of search.

2.2 The search market

The search market consists of experienced workers and firms which are par-
ticularly skillful in utilizing this experience. We refer to the firms as search
firms. The productivity of an experienced worker in a search firm is y, > y.
The cost of opening a vacancy in a search firm is k. We assume that y, — k
is sufficiently high so that the search market is operating.

The value of a vacancy is given by the value of hiring a worker times the
probability of finding one, that is

V= Q(yp - wp)7

where ¢ is the probability of obtaining a worker. The matching technology
can be described as follows. Suppose 1’ workers search randomly for v’ firms
with vacancies. Then the matching function is captured by a reduced-form
function ¢ = q(p), relating the probability that a worker finds a job (per unit
of search effort) and the probability of a vacancy is filled.*> We require that
0 < p,q <1 and that lim,_,; g(p) = 0.

Vacancies enter the market up to the point at which V' = k, that is up
to the point at which ¢(y, — w,) = k. The free entry condition defines a
relationship between w, and p; w, = w’¥(p). It follows that the function
wF(p) is decreasing in p and goes to minus infinity as p approaches 1 (since
lim, ., g(p) = 0).

The equilibrium of the search market, (p, w,), can be modelled in different
ways. We assume that the equilibrium maximizes the utility of the searching

3The probabilities p and ¢ can be written as p = z(eu,v)/eu = x(1,0) = p(f) and
q = z(eu,v)/v =x(1/0,1) = ¢(0). The matching technology can thus be summarised by

a function ¢ = ¢(0) = G(p~1(p)) = q(p).
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workers, and thus is defined as

max us(wy, p;ws) S.T. V=F. (8)

wTJ 7p

This equilibrium corresponds to the competitive search equilibrium derived in
Moen (1997) and Acemoglu and Shimer (1999). The equilibrium can be the
result of a market maker creating markets with different wages, or by wage
advertisement by firms. The same equilibrium condition can be derived with
wage advertisements with the urn-ball matching process (Montgomery 1991,
Peters 1991, and Burdett et al. 2001). The equilibrium condition can also
be derived with individual wage bargaining provided that a) the workers’
outside option in the bargaining game is to continue working at wage equal
to wy, and b) that the Hosios condition is satisfied? (Hosios, 1990). From (8)
it follows that we can write the equilibrium values of p and w, as functions
of wy; p = pP(wy) and w, = w¥(wy). It is straight-forward to show that
pP (ws) is strictly decreasing and w¥ strictly increasing in wy.

In our definition of equilibrium, given by equation (8), the wage wy refers
to the equilibrium wage in the market. We assume that a single firm takes
the value of w,, and p as given, independently of how it sets wy. Thus, if a firm
sets a wage different from the equilibrium wage ws, search firms cannot react
by targeting jobs with a different wage attached to it towards this particular
firm.

3 High-and low-turnover equilibria

We first consider potential equilibria with deferred compensation. We re-
ferred to this as low-turnover equilibrium. Substituting the zero-profit con-
dition of search firms into the incentive compatibility constraint (3) gives

max[sp(w" " (p) — w2) — g(s)] +wa =W+, (9)

which defines ws as a function of p. We refer to this as the Non-Shiriking
Condition, and write wy, = w™%“(p). The NSC thus gives the wage w,
necessary to avoid shirking as a function of p. The low-turnover equilibrium
(wh, p', wh) as follows:

4The Hosios condition states that the workers’ bargaining power is equal to the absolute
value of the elasticity of ¢ with respect to the labour market tightness.
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1. The NSC is satisfied: w} = w™¢(p)

2. Competitive search equilibrium: pl,wé € maxy, , uz(wpy, p;wz) S.T.

V==F.
The equilibrium is illustrated in figure 2

The equilibrium non-shirking constraint (NSC) obtains its minimum at
the equilibrium point (see the appendix for a proof). At this point, wus is
maximized given w,. As p increases, w, decreases in order to satisfy the zero
profit condition, and at some value p = p™**, we will have w, = wy, = W + c.
At p = p™® the turnover rate is zero and further increases in p does not
influence wy.

The next issue is whether the firm will find it in its interest to implement
a high effort. The alternative for the firm is to set wy = y and implement
e = 0. The gain by this strategy is that efficient turnover is obtained, and
this increases firm profit through the workers’ participation constraint. The
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cost is the loss due to low effort, which is given by e —c. Above we defined the

loss function related to inefficient turnover as a function of ws, see equation

(4). The equilibrium candidate (w},p', w!) is an equilibrium if and only if
L(wh,p) <e—c. (10)

This equation will always be satisfied for sufficiently small values of c.

Proposition 3 For sufficiently low values of ¢, the low-turnover equilibrium
exists.

We now turn to the high-turnover equilibrium. In this equilibrium, the
firms implement e = 0 and obtain optimal turnover by setting w, = y, as
explained above. The equilibrium candidate (w, p", wﬁ) is thus determined
as follows:

1. Efficient turnover: wg =y

2. Competitive search equilibrium: p", w) € max,,, , uz(wp, p;y) S.T. V =
k

This equilibrium is also illustrated in figure 2. For the high-turnover
equilibrium to exist, the firms must prefer to implement e = 0 to e = 1.
In order to implement e = 1, a firm must satisfy NSC. For this not to be
profitable, we must have that

L(w™(p"),p") = e —c. (11)

For sufficiently high values of ¢, this condition is always satisfied.

Proposition 4 For sufficiently high values of ¢, the high-turnover equilib-
rium exists.

Proof. Omitted m
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4 Multiple equilibria

In order to have multiple equilibria, both conditions (10) and (11) must be
satisfied. We must thus have that

Lw',p') <e—c < L™ (ph), p").

For this to hold, we must have that the loss L is higher for high values
of p than for low values of p,which indeed is the case. More precisely, let
LN5C(p) = L(wN%%(p),p). Recall that as L(w,p) = (wy — y)*p?/2 it is
increasing in both arguments. Furthermore, we have already shown that
w™5Y(p) is increasing in p on the relevant intervals. Thus, LY(p) is in-
creasing in p on the relevant intervals, and multiple equilibria exists.

Proposition 5 There exists an interval [c,¢] for which the model exhibits
multiple equilibria. One equilibrium has low turnover, high long-term effort,
and deferred compensation. The other equilibrium has high turnover, no
long-term effort, and no deferred compensation.

Proof. This follows by construction if we let ¢ be the solution to the
equation LV9¢(p') = e —cand LVC(p") =e—c. =

Multiple equilibria are illustrated in figure 3:

In this figure, the low-turnover equilibrium is determined as the intersec-
tion between the Non-Shirking Constraint w”5“(p) and the search equilib-
rium line p¥(wy). At this point, the loss L due to low turnover is below e —c,
hence it is optimal to implement high effort. The high-turnover equilibrium
is defined as the intersection between the ws = y line and the search equi-
librium line p¥(ws). At this point, the loss L of implementing a high effort
caused by too low turnover exceeds the net value of effort e — ¢, hence it is
optimal to implement low effort.

5 Welfare

In this section we analyze which of the equilibria that give rise to highest
social welfare, (given that parameter values are such that multiple equilibria
exist). As will be clear shortly, this depends on parameter values. Since we
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assume free entry of firm, social welfare is simply defined by the expected
utility of a worker, U°. The starting point is to study the optimal value
of p (that maximize the joint period two income €(p), given the free entry
condition). In the regime without effort, where wy = y, it can be shown
that p",w) are optimal.” The less straightforward task is to determine the
optimal value of p given that the NSC is satisfied. As will be clear shortly,
that is not p'.

Let Q¢(p) denote the value of Q(p) given that the worker is induced to

exert high effort. Then the following holds

Lemma 6 Suppose Q°(p") > Q°(p'). Then the high-turnover equilibrium
gives rise to higher welfare than the low-turnover equilibrium.

Proof. From (2) and (7) follows that U%(p") = y + Q(p",y) and that
U'(py = y+e—c+ Q%'). In the high-turnover equilibrium L(p") =
Qp",y) — Q°(p") > e — c. 'We have

U(p) =y+e—c+ Q) <yt+e—ct+ (") <y+Qy.p") =U0M".
As welfare depends on U° only, the Lemma follows. =
We want to study Q¢(p) in some more detail.

Lemma 7 Q°¢(p) is increasing in p at p = p' and decreasing in p at p = p".

Proof. Consider p = p': Using equation (5) gives

d
Q“(ph = g (msax[spl(wp —wy) +wy — g(s)] — (1 —p's)(wy — y))
= wy—1y>0.
Here we have used that j—;l = 0 and that the equilibrium in the search market

as defined by (8) implies that dipl (max,[sp' (WP (p) — wa) + wa — g(s)]) = 0.

Consider p = p": Using (4) and Lemma 6 gives that dipL(y,ph) =
dip[Q(y,ph) — Q¢(p™)] > 0. Due to the envelope theorem, %Q(y,ph) =0,
hence we must have that dine(ph) <0. m

®See Moen and Rosén (2003) for a proof.
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Lemma 8 Suppose s is exogenous. Then the high-turnover equilibrium al-
ways welfare dominates the low-turnover equilibrium.

Proof. When s is exogenous, the optimal value of p is p", independently
of wy and therefore Q¢(p") > Q°(p'). The above lemma then follows directly
from lemma (8). m

As before ¢ denotes the highest value of ¢ for which the low-turnover
equilibrium exists and we have the following Lemma.

Lemma 9 Suppose c is close to ¢. Then the high-turnover equilibrium gives
rise to a higher welfare then the low-turnover equilibrium.

Proof. It follows that e — ¢ is only marginally larger than L(p') =
Qy,p") =), AsU°(P) = y+e—c+Q(p)) = y+Q(y,p') <y+Qy,p") =
U(p"). =

The opposite does not hold. It may be that if ¢ is close to ¢, the high-
turnover equilibrium still dominates the low-turnover equilibrium. (Recall
that ¢ denotes the lowest value of ¢ for which the high-turnover equilibrium
exists.) The reason is that it may still be that Q¢(p") > Q¢(p'). Thus,
although inducing long-term effort will not reduce U° at p = p”, it may
reduce U° to move from p = p" to p = p.

The latter result may indicate that the low-turnover equilibrium is never
optimal. However, this is not the case. Consider the case in which s is either
0 or 1. Then it may well be that the worker will not search at all if offered a
high-effort contract in the high-turnover equilibrium, while they will search
in the low-turnover equilibrium.

Lemma 10 Suppose s takes two values 0 and 1 only, Then there exist values
of e — ¢ such that 1) there exists multiple equilibria, 2) the low-turnover
equilibrium yields higher welfare than the high-turnover equilibrium welfare.

Proof. The high-turnover will exist as long as Q(y, p") > e — ¢ (which is
satisfied by assumption). The low-turnover equilibrium yields higher welfare
than the high-turnover equilibrium if Q(y,p") — Q(y,p') < e — c. Since
Q(y, p') > 0, such values of ¢ — ¢ do exist. m
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6 Implications

In this section we study short-term effort, investments in firm specific human
capital and supply of entrepreneurs.

6.1 Short versus long-term incentives

In this subsection we will elaborate slightly on the wage contracts, and in-
troduce effort that is immediately observable to the firm in addition to effort
that is observable at the end of period two. We will demonstrate that firms
will provide stronger short-term incentives in the high-turnover equilibrium
than in the low-turnover equilibrium. For a more careful treatment of wage
contracts, we refer to Moen and Rosén (2004).

As before, we let e € {0,1} denote effort that is observable in period 2.
Effort that is immediately observable is denoted by es. We assume that e is
continuous. The disutility of effort is a function of total effort , ¢(e, e,) where ¢
is increasing and convex. Furthermore, we assume that that increasing effort
along one dimension increases the marginal cost of effort along the other
dimension. More specifically, we assume that c(es) = ¢(1,e5) — ¢(0, e,) is
increasing in e, (note that ¢ corresponds to our previous effort cost, however,
now it depends on ey).

In the equilibrium with e = 1, the firms will take into account that
increased observable effort will make it harder to implement a high level of
e; the degree of deferred compensation will increase and thereby also the
deadweights loss associated with distorted turnover decisions. Let ws(es;p)
denote the lowest wage that satisfy the I.C. constraint. In the low-turnover
equilibrium, the firms are thus maximizing

T =y+es+e+ Quaes;p)) — U — e, 1).

From equation (5) it follows that ddez = —p. From the incentive compatibility
constraint (3) and (5) it follows that

dws(€s; p) c(es)

deg C1—sp

First order conditions for e, can thus be written as
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der) = 1= unlesip) A
85(6765) _ l_pcl(es)

Oeg B 1—ps

< 1.

The next proposition follows:

Proposition 11 In low-turnover equilibrium, workers are given less than
full incentives to exert short-term effort. Furthermore, the higher is the
turnover rate p, the lower are the incentives to exert short-term effort

The last part of the proposition is an artifact of the assumption that e is
either 0 or 1.

In a high-turnover equilibrium with e = 0, the firm chooses e, so as to
maximize

™T=1Y + €5 +Q<y) - UO —5(65,0),

with first order condition ¢.s(es, 1) = 1. The firms thus chooses the first best
level of observable effort (given that e = 0).
We have thus shown the following proposition:

Proposition 12 In the high-turnover equilibrium, workers are given full in-
centives to exert short-term effort, that is, ces(es) = 1. Thus, short-term
incentives are stronger in the high-turnover equilibrium than wn the low-
turnover equilibrium.

6.2 Firm-specific human capital

In this subsection we introduce firm-specific human capital. Not surprisingly,
we find that firm-specific human capital investments are more profitable in
low-turnover equilibrium than in high-turnover equilibrium. The reason for
this is twofold. Firstly, with a low turnover the worker-firm pair is more likely
to benefit from the investments. Secondly, investments in firm-specific human
capital reduces the inefficiencies associated with deferred compensation in the
low-turnover equilibrium.
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Let a € {0,a} denote firm-specific human capital. The cost of investing a
units is denoted by d. In a high-turnover equilibrium, firms will set wy = y+a
in order to obtain optimal turnover. Hence firms invest in firm-specific human
capital whenever

Qy; p") < Qy +a;p") — da.
In the low-turnover equilibrium, the period 2 wage will be determined by the
NSC whenever this gives a higher wage than y + a, otherwise the wage will
be set equal to y + a. It follows that in the low-turnover equilibrium, firms
invest in firm-specific human capital if and only if

Q(w5C phy < Q(wl53C; ph) — da.

a=0 » a=1

We are now able to show the following proposition:

Proposition 13 The return to firm specific human capital investments are
higher in low-turnover equilibrium than in high-turnover equilibrium.

Proof. The return to human capital in high-turnover equilibrium is given
by Aa) = Q(y + a; p") — Q(y; p). Taking the derivative with respect to a
gives

AM(a) = (1 - p"s").
In the low-turnover equilibrium. Firms set wq(a) = max[in(a),y + al, Let
Al(a) denote the associated pay-off from firm-specific human capital. It
follows that
A(a) = (1= p's') > AM(a),

fora € {0,a}. m

6.3 Entrepreneurship and venture capital

Entrepreneurs are frequently former employees of firms in the same industry.
Furthermore, entrepreneurs often need access to particular kinds of fund-
ing, for instance venture capital, for which the market may be thin. The
matching process between venture capitalists and entrepreneurs can be sim-
ilar to the search market described above, however, venture capitalists play
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a more active role in searching for entrepreneurs relative to the situation in
the employment search market.

For a potential entrepreneur, the shadow price of becoming an entrepre-
neur is continued employment. With deferred compensation, this shadow
price is likely to be higher than without deferred compensation. Further-
more, when bargaining over terms of trade with a venture capitalist, the
economic compensation of continued employment is likely to influence a po-
tential entrepreneur’s bargaining position. Thus, in low-turnover equilibrium
with deferred compensation, entrepreneurship will be less attractive, because
the shadow price, in terms of foregone wages, is high. This effect may also be
reinforced as a lower number of entrepreneurs will enter the market. Further-
more, to the extent that the expected gains associated with entrepreneurship
are large, this may tend to magnify the effects of deferred compensation: in
low-turnover equilibrium, few venture capitalists enter the market, hence the
loss of deferred compensation caused by reduced entrepreneurship is small.
In the high-turnover equilibrium, by contrast, a large number of venture cap-
italists enter the market, and distortions associated with low entrepreneurial
activity are large.

There exists a small literature on multiple equilibria in the supply of
entrepreneurs. Other papers include Landier (2002), and Gromb and Scharf-
stein (2001), who explain cross-country differences in entrepreneurship by
externalities. These papers obtain multiple equilibria because of differences
in social norms and managerial talents. In contrast, we let firms choose
between short-term and long-term incentive contracts.

7 Conclusion

In this paper we have analyzed the relationship between the firms’ choice
of wage contracts and the turnover rate among experienced workers. Fur-
thermore, we have shown that feedback effects from the firms choice of wage
contracts to the labor market for experienced workers may create multiple
equilibria with different turnover rates. In low-turnover equilibrium, firms
offer long-term contracts with deferred compensation, and workers exert long-
term effort, while the opposite holds in the low-turnover equilibrium. It is
tempting to think of low-turnover equilibrium as Japan and Germany and
high-turnover equilibrium as US and UK. Alternatively, low-turnover equi-
librium may be thought of as Massachusetts and low-turnover equilibrium as
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Silicon Valley.

Our model has several empirical implications. In low-turnover equilib-
rium, firms are inclined to give weaker incentives to short-term performance
(less use of short-term bonuses), rely more on deferred compensation and
invest more in firm-specific human capital than in the high-turnover equi-
librium. Furthermore, entrepreneurship and venture capital may be more
frequent in high-turnover equilibrium than in low-turnover equilibrium. The
implications seem to be in line with popular conceptions of differences be-
tween US and Japan and between Silicon Valley and Massachusetts.

8 Appendix

Derivation of loss function
With g(s) = s*/2 and equation (1) the worker’s choice of s is given by

s = p(w, — wa).
It follows that
Qwy) = p*(wy —w2)*/2 + wy — [1 = p?(w, — wy)|(ws — y)
= Qy) — p*(ws —y)*/2,

and thus that L(wsq;p) = p*(ws — y)?/2.

w™N5%(p) obtains its minimum at p = p;.

Suppose there exists a point w’ at the non-shirking line such that w' < ws,
and denote by p/ the corresponding value of p. By the definition of the NSC,
we must then have that us(w’) = ua(wsy). Then it follows that ug(wse,p’) >

ug(w',p') (since wy > w'). But then p' cannot solve the maximization prob-
lem (8).
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