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Abstract

This paper puts forward a theoretical rationale for the existence of ex-

cess capacity investment in durable capital at the firm level. The model

adds an informational issue to the efficiency wage framework by introduc-

ing idiosyncratic risk of firm closure to Bowles’s (2004) labor discipline

model based on contingent contract renewal. As the outcome of the effort

bargain is determined, inter alia, by the expectation of future employment

rents, the distribution of information about firm closure rates determines

the effectiveness of the endogenous enforcement mechanism. The paper

investigates the equilibria under perfect and imperfect information and

introduces durable capital investment-decisions as a signal to bring about

a separating equilibrium when there is private information about firm-

specific closure probabilities.

1 Introduction

This paper puts forward a theoretical rationale for the existence of excess ca-

pacity investment in durable capital at the firm level. The model is based on

the central premise of the efficiency wage literature: labor productivity is de-

termined by the existing technology as well as by the institutions, both formal

and informal, which govern the economic relation between employers and em-

ployees. Due to the absence of a perfect exogenous enforcement mechanism for

the employment contract, the exchange of work effort for a wage is subject to a

principal-agent problem. The present model adds a second informational issue

to this framework by introducing firms with different closure probabilities. Con-

tinued employment, thus, is contingent not only on work effort but also on the

prospects for the future existence of the firm. As the outcome of the effort bar-

gain is determined, inter alia, by the expectation of future employment rents,

the distribution of information about firm closure rates determines the effec-

tiveness of the endogenous enforcement mechanism. The paper investigates the

equilibria under perfect and imperfect information and introduces durable cap-

ital investment-decisions as a signal to bring a about a separating equilibrium

when there is private information about firm-specific closure probabilities.

A common historical reference in the efficiency wage literature, the Ford

Motor Company, illustrates the motivation behind the argument. With the

introduction of the five-dollar working day and the moving assembly line the

company registered major productivity increases. During the same period, Ford
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significantly extended the span of its operation by vertically integrating the

production of car components. In 1909 a large, state of the art machine shop

was constructed at Highland Park, by 1915 the facility covered ten acres and

contained more than 5,500 machine tools.1 This expansion, which can hardly

have gone unnoticed by the workers inside as well as outside the factory gates,

suggested that Ford expected to remain in business for some time. Provided

they successfully completed the six month trial period, the employees had good

reason to believe that they would have a lasting employment relationship with

the company.

The remainder of the paper is structured as follows. Section 2 presents a

baseline version of the labor discipline model based on contingent contract re-

newal. The model highlights the strategic interaction between the employer and

the employee and produces several of the standard results in the efficiency wage

literature. Section 3 introduces the concept of firm closure. The equilibrium

conditions for a market with two different firm types and perfect information

are derived and the implications of different firm closure rates are analyzed

by means of comparative statics. Section 4 considers the same scenario under

imperfect and asymmetrically located information about firm closure and intro-

duces excess capacity investment in durable capital as a signal for firm types.

The properties of the pooling and the separating equilibria are analyzed with

respect to the perfect information case. In Section 5 the results are discussed

vis-a-vis the literature on efficiency wages, firm closure, and labor market sig-

naling. Section 6 concludes by summarizing the main insights of the paper and

suggests several issues for further research.

2 Work Effort, Wages & Contingent Contract

Renewal

The systematic consideration of work effort in the history of economic thought

begins with Marx’s (1976) distinction between labor and labor power.2 These

two categories highlight the fact that the employment contract can only de-

termine the number of hours during which workers formally submit their pro-

1This account is based on Williams, Haslam, Williams, Adcroft & Johal (1993).
2”The sum of money which the worker receives for his daily or weekly labor forms the

amount of this nominal wages (. . . ). But it is clear that according to the length of the
working day, that is, according to the amount of actual labor supplied every day, the same
daily or weekly wage may represent very different prices of labor, i.e., very different sums of
money paid for the same quantity of labor” (Marx 1976, p. 683).
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ductive capacity (labor power) to the authority of the employer. The intensity

of labor, i.e., the amount of work done per hour, however, is not contractible

in explicitly enforceable terms. One of the first mentions of this issues in the

post-war economic literature is made by Becker (1962, p. 24), who states that

”any enforceable contract could at best specify the hours required on a job,

not the quality of the performance”. Since then, this issue has been has been

taken up by a number of similar, but distinct, branches of economic litera-

ture, such as efficiency wage theories, labor discipline models, the literature on

relational contracts, and various contributions to the management literature.3

The common concern of these research programs lies with their investigation

of endogenous effort enforcement mechanisms, sometimes referred to as implicit

contracts, which mediate the conflict over the extraction of labor from labor

power.

This section presents a baseline efficiency wage model, which follows the

labor discipline model based on contingent contract renewal as put forward by

Bowles (2004, Chap. 8). The model highlights the strategic interaction between

the employer and the employee and leads to a number of standard results of the

efficiency wage literature. A numerical example concludes the section.

2.1 The Baseline Model

Consider a competitive labor market with a large number of non-colluding firms

producing a single output and workers who are identical in terms of their eco-

nomic agency. Let the worker’s instantaneous utility (u) be a function of the

wage (w) and the effort level (e)

u = u(w, e) e ∈ [0, 1] (1)

and assume the utility function is linear in the wage, decreasing and convex in

the effort level, and additively separable in its arguments. The marginal utility

of providing effort is negative at a decreasing rate. A change in the wage has

no effect on the disutility associated with providing effort, and vice versa.4

3Some of these contributions are reviewed in Section 5.
4Expressed formally, the assumptions on Equation (1) are:

∂u/∂w > 0, ∂2u/∂w2 = 0, ∂u/∂e < 0, ∂2u/∂e2 < 0, ∂2u/∂w∂e = 0.

Black & Garen (1991) show that the main results of efficiency wage models hold for the more
general case of an additively separable utility function which is increasing and concave in the
wage and decreasing and convex in effort. While the model does not depend on the premise,
linearity of the utility function in the wage this is a standard assumption in the literature; see
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The firm offers an employment contract to the worker for a certain period

of time and announces that contract renewal is contingent on performance. In

addition to the wage level, the contract offer specifies the ex ante probability of

contract termination. Given costless monitoring and zero replacement costs for

a dismissed worker,5 the probability of contract termination (t) is determined

by the worker’s effort level.

t = t(e) (2)

Let the termination schedule be linear and decreasing in the effort level. Provid-

ing higher effort reduces the probability of contract termination at a constant

rate.6

Faced with the parameters of the firm’s contract offer the worker chooses

the effort level which maximizes the value of the current employment relation-

ship over an infinite future horizon (v). The worker’s present value function is

the sum of the present utility of employment, the value of future employment

multiplied by the probability of contract renewal, and the value of future un-

employment multiplied by the probability of contract termination. The value of

the worker’s fall-back position (z) in the case of job loss and the wage level are

exogenous to the worker’s choice. Since it bears no crucial implications for the

subsequent analysis, the paper at hand abstracts from the discounting of future

periods and assumes the rate of time preference to be zero.

v(e;w; z) = u(e, w) +
(

1− t(e)
)

v + t(e)z

Applying the stationarity assumption to the expression above, the worker’s ob-

jective function can be rearranged as the sum of termination-weighted utility

and the fall-back position.

v(e;w; z) =
u(w, e)

t(e)
+ z (3)

Equation (3) highlights the dual role of effort in worker’s optimization problem.

Increasing the level of work intensity reduces the utility of employment; at the

same time, a higher effort level reduces the probability of contract termination.

for instance: Chatrerji & Sparks (1991), Pisauro (2002), Ferguson (2004).
5Note that costless monitoring does not imply costless third-party contract enforcement.

Even if the firm is able to observe the worker’s performance over the whole period at no
cost, the effort level remains subject to contractual incompleteness if this information is not
verifiable.

6Formally: ∂t/∂e < 0 and ∂2t/∂e2 = 0.
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The worker’s optimal effort choice establishes the following first-order condition.

∂v(e⋆;w; z)

∂e
=

∂u

∂e
−

∂t

∂e

u(w, e⋆)

t(e⋆)
= 0 (4)

The second partial derivative of the present value function evaluated at the

extremum confirms that the sufficient condition for a maximum is met.

∂2v(e⋆;w; z)

∂e2
< 0 (5)

Rearranging Equation (4) illustrates that the best-response function requires the

worker to chooses the effort level that equates the marginal cost of providing

effort to its marginal benefit.

∂u

∂e
=

∂t

∂e
(v(e⋆;w; z)− z) (6)

The difference between the present value of being employed and the fall-back

position occurs as an employment rent to the worker. This rent is a necessary

condition for effort provision above the reservation level. The reservation effort

level, by assumption, cannot be profit-maximizing for the firm.

By implicit differentiation of Equation (6) the change in the worker’s optimal

effort choice in response to a change in the wage can be determined.

∂e⋆

∂w
= −

∂2v(e⋆;w; z)/∂e∂w

∂2v(e⋆;w; z)/∂e2
> 0 (7)

The above expression represents one of the central elements of the efficiency

wage literature. Increases in the wage, and the corresponding increase in the

employment rent, are associated with increased effort, ceteris paribus.

Assume the firm produces a single good using only labor (L). Output is

a function of effective labor input, i.e., the product of the amount of hours of

labor hired (h) and the effort level (e). Labor input (L) is thus measured in

labor effort units. The production function exhibits decreasing returns to scale

and determines output (Q) per period. Let the price of output be determined

exogenously and be equal to one.

Q = f(L) = f(he) f ′(L) > 0 f ′′(L) < 0. (8)

Assuming the best-response function of the worker is known to the firm, it
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chooses a wage and a level of employment (h) in order to maximize per-period

profits (π).

π(w, h; e) = f
(

he(w; z)
)

− wh (9)

The first-order conditions for the firm’s optimization problem determining the

wage and the amount of labor hired are as follows.

∂π

∂w
= f ′h

∂e

∂w
− h = 0 (10)

∂π

∂h
= f ′e− w = 0 (11)

Equations (11) and (10) imply two properties of the equilibrium transaction of

the model. First, the effort level per dollar of expenditure on labor is equal to

the marginal impact of variations in the wage level on the effort level.

e⋆(w⋆; z)

w⋆
=

∂e

∂w
(12)

Second, the marginal productivity of effort is equal to the cost of an effort unit

at the profit-maximizing wage.

f ′ =
w⋆

e(w⋆; z)
(13)

Equilibrium in the model is defined by the levels of w⋆, e⋆ and h⋆ that

jointly fulfill the first-order conditions of the firm’s and the worker’s optimization

problems. Table 1 summarizes the equilibrium conditions for the baseline model,

which can be solved in the following sequence. Given the effort response schedule

of the worker in Equation (6), the firm selects the profit maximizing wage level

according to Equation (12). Substituting the equilibrium values of the effort

level and the wage into Equation (13) determines the amount of hours of labor

hired by the firm.

The baseline model produces several of the standard results of the efficiency

wage literature.7 First, the worker’s best-response function implies a positive

relation between compensation and productivity; the optimal effort level is in-

creasing in the wage. Second, in order to induce effort provision above the

reservation level, the firm has to pay an enforcement rent. Workers are not

indifferent to the possibility of costly job loss and try to avoid contract termina-

tion by complying with the firm’s effort inducement strategy. Third, as the firm

7For a parallel discussion of these results, refer to Bowles (2004, Chap. 8).
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Table 1: Equilibrium Conditions of the Baseline Model

∂u

∂e
=

∂t

∂e

u(w⋆, e⋆)

t(e⋆)

w⋆ =
e⋆(w⋆; z)

∂e/∂w

f ′ =
w⋆

e⋆(w⋆; z)

solves its optimization problem subject to the worker’s incentive compatibility

constraint, instead of the participation constraint, the equilibrium wage does

not clear the labor market. Workers face quantity constraints; there is involun-

tary unemployment. Fourth, the equilibrium is not Pareto efficient. The wage

and effort level in equilibrium (e⋆, w⋆) satisfy the first-order conditions of the

firm and the worker’s optimization problem, respectively. However, there exist

sufficiently small increase in both variables that would be Pareto improving.

The effort level set by the worker does not satisfy ∂π(w, h; e⋆)/∂e = 0 and the

wage set by the firm does not satisfy ∂v(e;w⋆; z)/∂w = 0.

2.2 An Example

The following numerical example illustrates the solution of the model. Suppose

the worker’s utility function, following the assumptions made in the previous

subsection, is

u(w, e) = w −
1

1− e
(14)

and the termination schedule is

t(e) = 1− e. (15)

Let the production function be given by

f(h, e) = 64(he)0.5. (16)

Assume the value of the fall-back option (z) is zero. Substituting the utility

function (14) and the termination schedule (15) into the worker’s best-response
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schedule (6) allows to solve for the optimal effort schedule as an expression of

the wage.

e⋆(w) = 1−
2

w
(17)

The firm’s first-order condition (12) requires the optimal effort level to be equal

to the product of the equilibrium wage and the marginal impact of variations

in the wage on effort.

e⋆ = w⋆ ∂e

∂w
(18)

Taking the partial derivative of Equation (17) with respect to the wage and

plugging the result back into (18) allows to solve for the equilibrium wage and

effort level.

w⋆ = 4 =⇒ e⋆(w⋆) = 1/2

Substituting w⋆ and e⋆ into Equation (13) determines the amount of hours of

labor be hired by the firm to be

h⋆ = 8. (19)

Figure 1 illustrates the determination of the equilibrium wage and effort level

by plotting Equations (17) and (18). In Figure 2 the wage expenditure per

hour, w⋆ and the marginal productivity of labor time, f ′e⋆, are plotted. The

equilibrium payoffs for the firm and the worker, according to Equations (9) and

(2.1), are π(w⋆, h⋆; e⋆) = 96 and v(e⋆;w⋆) = 4.
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3 Introducing Firm Closure

Assume in the market under consideration there are two types of firms which are

distinct only in terms of their idiosyncratic risk of firm closure (θ). Firm closure

may occur due to bankruptcy, merger and acquisition, or any other event which

does not allow the firm to independently renew existing employment contracts.

From the perspective of workers firm closure is thus synonymous with contract

termination. Suppose that type one firms have a lower closure rate than type

two firms.

0 ≤ θ1 < θ2 ≤ 1

The following three subsections derive the equilibrium under perfect information

and investigate the comparative statics. The results are illustrated by extending

the previously developed example.

3.1 Equilibrium Under Perfect Information

Given that workers are able to identify firm types and know the respective firm

closure rates, the present value function expresses the fact that contract renewal,

in addition to the effort level, is contingent on the exogenous probability of the

firm to continue to operate.

v(e;w; z; θi) = u(e, w) + (1 − θi)
(

(1 − t(e))v + t(e)z
)

+ θiz i = 1, 2

Using the stationarity assumption and rearranging the above equation, gives

the worker’s present value function as the sum of employment utility weighted

by the probability of job loss and the fall-back option.

v(e;w; z; θi) =
u(w, e)

θi
(

1− t(e)
)

+ t(e)
+ z i = 1, 2 (20)

The worker’s best-response function, as in Equation (6), requires the marginal

disutility and the marginal benefit of providing effort to be equal. In contrast

to the baseline model, the marginal benefit of effort now is weighted by the

probability that the firm will be able to renew its existing contracts.

∂u

∂e
=

(1− θi)(∂t/∂e)u(w, e
⋆)

θi
(

1− t(e⋆)
)

+ t(e⋆)

= (1− θi)
∂t

∂e
(v(e⋆;w; z; θi)− z) i = 1, 2

(21)

9



Equation (21) illustrates the role of the firm closure rate on the worker’s op-

timization problem. For θ = 0 the equilibrium transaction is identical to the

baseline model. Faced contract termination at the end of the period due to

certain firm closure, i.e., θ = 1, workers provide the reservation effort level.

The firm closure rate appears as an exogenous parameter in the firm’s ob-

jective function via the worker’s effort schedule.

πi(w, h; e; θi) = f(he(w; z; θi))− wh i = 1, 2 (22)

The same conditions for a profit maximum as in Section 2 apply. The firm sets

its wage to equal the ratio of the equilibrium effort level and the marginal effect

on the effort level caused by changes in the wage.

w⋆
i =

e⋆i (w
⋆
i ; z; θi)

∂e/∂w
(23)

Given the equilibrium levels of e and w, the quantity of hours is set such that

expenditure per hour is equal to the marginal product of an effort unit.

f ′ =
w⋆

i

e⋆i (w
⋆
i ; z; θi)

(24)

When the information about a firm’s termination probability is available to

workers at no cost, each firm type offers a distinct equilibrium contract, which

induces a corresponding effort level. The payoffs for firms and workers are de-

termined by the type-specific probability of firm closure. Table (2) summarizes

the equilibrium conditions under perfect information.

Table 2: Conditions for Perfect Information Equilibrium

∂u

∂e
=

(1− θi)(∂t/∂e)u(w
⋆
i , e

⋆
i )

θi − θit(e⋆i ) + t(e⋆i )
i = 1, 2

w⋆
i =

e⋆i (w
⋆
i ; z; θi)

∂e/∂w
i = 1, 2

f ′ =
w⋆

i

e⋆i (w
⋆
i ; z; θi)

i = 1, 2
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3.2 Comparative Statics

Implicit differentiation of the first-order condition to the worker’s optimization

problem in Equation (21) with respect to θ demonstrates that the equilibrium

effort level is decreasing in the firm closure rate.

∂e⋆(w; z; θ)

∂θ
=

(∂u/∂e)

(θ − 1)
(

θ + t(e)− θt(e)
)

(∂2u/∂e2)
< 0 (25)

While the marginal cost of providing effort remains unchanged, a positive change

in θ reduces the marginal benefit of providing effort. Given identical contract

offers, a worker facing a type one firm provides a higher effort level compared

to when facing a type two firm. As in the baseline model, changes in the wage

are positively related the worker’s choice of effort.

∂e⋆(w; z; θ)

∂w
=

(1− θ)(∂t/∂e)(∂u/∂w)
(

θ + t(e)− θt(e)
)

(∂2u/∂e2)
> 0 (26)

Implicitly differentiating the first-order condition to the worker’s optimization

problem with respect to w and θ illustrates that the effort inducing effect of the

wage diminishes for firms with a higher probability of closure.

∂2e⋆(w; z; θ)

∂θ∂w
=

(∂t/∂e)(∂u/∂w)
(

θ − θt(e) + t(e)
)2
(∂2u/∂w2)

< 0 (27)

The present value of employment decreases with the probability of firm closure.

∂v(e;w; θ)

∂θ
= −

(1− t(e))u(w, e)

(θ − θt(e) + t(e))
2 < 0 (28)

This suggests that workers would prefer to contract with a type one firm. How-

ever, due to the existence of involuntary unemployment in the market, and since

employment with either type of firm is associated with a positive employment

rent, workers choose any contract over the fall-back option.

Differentiating the first-order condition that determines the equilibrium wage

level (Equation 23) gives

∂w⋆

∂θ
=

(∂e/∂θ)(∂e/∂w)

(∂e/∂w)2
−

(∂2e/∂w∂θ)e⋆(w; z; θ)

(∂e/∂w)2
. (29)

The above expression has an ambiguous sign as both terms on the right-hand
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side are negative. The following three cases can be distinguished

∂w⋆

∂θ



















> 0 if ∂e
∂w

∂e
∂θ < e⋆(w; z; θ) ∂2e

∂w∂θ ,

= 0 if ∂e
∂w

∂e
∂θ = e⋆(w; z; θ) ∂2e

∂w∂θ ,

< 0 if ∂e
∂w

∂e
∂θ > e⋆(w; z; θ) ∂2e

∂w∂θ .

(30)

Following Equation (24), the change in hours in response to a change in the

probability of firm closure is determined by the corresponding changes in the

wage level and the marginal productivity of effort. In the general case, the sign

of the former is ambiguous and sign of the latter is given by

∂f ′e⋆

∂θ
= (f ′ + f ′′he⋆)

∂e

∂θ
,

which implies the following cases

∂f ′e⋆

∂θ



















> 0 if 1 < |( f
′′

f ′
)he⋆|,

= 0 if 1 = |( f
′′

f ′
)he⋆|,

< 0 if 1 > |( f
′′

f ′
)he⋆|.

(31)

The qualitative effect of changes in the closure rate on effective marginal pro-

ductivity is determined by the ratio of the rate of change in effective marginal

productivity to the effective marginal product.

Differentiating the profit function with respect to the firm closure rate yields

an unambiguous result.
∂π

∂θ
= f ′

∂e

∂θ
< 0 (32)

Recall from Equation (25) that the worker’s best-response effort level is decreas-

ing in the probability of firm closure and that both types of firms have identical

technologies. A given effort level is thus associated with a higher wage expendi-

ture for type two firms than type one firms. Conversely, type two firms obtain

a lower productivity level for a given wage. As a result, type one firms obtain

a higher profit rate than type two firms in equilibrium. The relative equilib-

rium levels for the wage and the amount of labor employed by the different firm

types are determined by the properties of the effort schedule and the production

function according to Equations (30) and (31).
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3.3 An Example (Continued)

Return to the example from Subsection 2.2. Given that firm closure probabilities

are public information, workers follow the best-response schedule in Equation

(21) and set their effort level according to the following expression.

e⋆i (w; θi) =
1− w + wθi − θi +

√

(1− θi)(1 + (−1 + w)θi)

w(−1 + θi)
i = 1, 2 (33)

Let θ1 = 1/4 and θ2 = 1/2. The corresponding equilibrium wage and effort level

then are as follows.

w⋆
1 = 4.72 e⋆1(w

⋆
1 ; θ1) = 0.45

w⋆
2 = 6.22 e⋆2(w

⋆
2 ; θ2) = 0.41

Note that both types of firms obtain a lower effort level for a higher wage com-

pared to the equilibrium transaction with infinitely lived firms in the baseline

model. Moreover, as illustrated in Figure (3), type one firms obtain a higher ef-

fort level for a lower wage than type two firms. This corresponds to the first case

in Equation (30). The firm type specific level of employment, corresponding to

the third case in Equation (31), is plotted in Figure (4).

h⋆
1 = 5.15,

h⋆
2 = 2.7.

Given the equilibrium values for w, h and e, firms and workers receive type

specific payoffs.

π1(w
⋆
1 , h

⋆
1; e

⋆
1) = 72.94 v1(e

⋆
1;w

⋆
1) = 4.38

π2(w
⋆
2 , h

⋆
2; e

⋆
2) = 50.28 v2(e

⋆
2;w

⋆
2) = 5.69

Compared to the baseline model without firm closure, either firm type is worse

off with type two firms suffering the greater reduction in profits. Workers, on the

other hand, are better off working for either firm than working for an infinitely

lived employer.
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4 Firm Closure Under Asymmetric Information

Consider the framework developed in the previous subsection given that the in-

formation about the probability of firm closure is imperfect and asymmetrically

located. Firms know their own type but workers cannot distinguish type one

from type two firms. Let p denote the fraction of type one firms in the market

with 0 ≤ p ≤ 1 and suppose the distribution of firm types is known to workers.

In this case the objective function of a worker facing a contract offer from an

individual firm is a weighted average of the present value of contracting with

either type of firm.

v(e;w; z; θ1; θ2; p) = p

(

u(w, e)

θ1
(

1− t(e)
)

+ t(e)
+ z

)

+ (1− p)

(

u(w, e)

θ2
(

1− t(e)
)

+ t(e)
+ z

)

(34)

The worker’s best-response function consists of the familiar marginal calculation

adjusted by the probabilities of firm closure and the distribution of firm types.

To simplify notation, let Θi = θi
(

1− t(e)
)

+ t(e) with i = 1, 2.

∂u

∂e
=

(

p(1− θ1)

(Θ1)2
+

(1− p)(1 − θ2)

(Θ1)2

)

∂t

∂e
(v(e⋆;w; z; θ1; θ2; p)− z)

(

p

Θ1
+

1− p

Θ2

)2 (35)

4.1 Pooling Equilibrium

If there is no way for workers to identify firm types, Equation (35) requires the

worker to choose a single effort level. As firms anticipate this behavior, and as
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both types of firms set wages according to identical first-order conditions, the

pooling equilibrium is characterized by a single contract offer.

Equation (35) implies the following condition for the existence of an employ-

ment rent.

(

p(1 − θ1)

(θ1 − θ1t(e) + t(e))2
+

(1− p)(1− θ2)

(θ1 − θ1t(e) + t(e))2

)

> 0 (36)

Unless this condition is satisfied, the difference between the present value of

employment and the fall-back option (the unemployment rent) reduces to zero

and workers provide the reservation effort level, which, by assumption, does not

maximize profits. Given the definitions of the parameter values for p and θ this

condition is met, unless all the firms in the market under consideration face

certain closure at the end of the contractual period (p = 0 and θ2 = 1). In all

other cases workers are willing to comply with the effort enforcement mechanism

as any employment is associated with a rent.

Table 3 summarizes the conditions for the pooling equilibrium. As workers

choose their effort level based on the presumption of facing the average firm –

and maintaining that firms anticipate the worker’s best response – the pooling

equilibrium is characterized by identical wage offers from either type of firm

and, as a result, a single effort level.

Table 3: Conditions for a Pooling Equilibrium

∂u

∂e
=

(

p(1−θ1)

(Θ1)2
+

(1−p)(1−θ2)

(Θ1)2

)

∂t
∂e

(v(e⋆;w⋆;z;θ1;θ2;p)−z)
(

p
Θ1

+ 1−p
Θ2

)2

w⋆ =
e⋆(w⋆; z; θ1; θ2; p)

∂e/∂w

f ′ =
w⋆

e⋆(w⋆; z; θ1; θ2; p)

p(1− θ1)

(θ1 − θ1t(e⋆) + t(e⋆))2
+

(1− p)(1− θ2)

(θ1 − θ1t(e⋆) + t(e⋆))2
> 0

Note the difference between the pooling equilibrium and the perfect infor-

mation scenario in which both types of firms offer identical wages, i.e. the case

in which ∂w⋆/∂θ = 0. The latter induces differential effort provision according

to firm type, while the former induces workers to provide a single effort level. In

the pooling equilibrium both firm types obtain identical profits. Compared to

15



the perfect information scenario, type two firms are able to increase their profit

at the expense of type one firms.

The characteristics of the pooling equilibrium suggest that type one firms

have an interest to reveal their type, as this allows them to operate on the perfect

information best-response schedule of workers. In order to increase their profits,

type one firms need to signal the private information about their probability

of closure to the worker in a credible manner. The necessary conditions for

the existence of such a separating equilibrium are, first, the signal has to be

sufficiently costly to prevent type two firms from sending it and, second, the

signal has to be sufficiently cheap to type one firms for the benefits of sending

it not to exceed the costs.

In the market under consideration, however, firms are unable to effectively

signal their type to workers. Suppose that type one firms were able to distinguish

themselves from type two firms through the contract offer, i.e., in terms of their

wage offer. In this case, type one firms would choose the profit-maximizing

wage that characterizes the perfect information scenario.8 As firms are identical

except for the type specific probability of firm closure, there is no cost that

prevents type two firms from making a similar wage offer to disguise their true

type. Any wage offer that diverges from the pooling equilibrium thus cannot

be a credible signal to workers. Under asymmetric information, the pooling

equilibrium wage level is the only one to maximize profits, as the employment

contract does not provide the credible signal required to bring about a separating

equilibrium.

4.2 An Example (Continued)

Before turning to the signaling process, consider the pooling equilibrium for the

example developed in the previous two sections. Given imperfect and asym-

metrically located information about firm specific closure risk, workers set their

effort according to Equation (35). Denoting the pooling equilibrium by the

subscript ρ, the levels for the wage, effort, and employment are

w⋆
ρ = 5.3 e⋆ρ(w

⋆
ρ; θ1; θ2; p) = 0.44 h⋆

ρ = 3.97.

8Whether this offer is above or below the pooling equilibrium wage level is determined by
the specification of the best-response function and the sign of Equation (30).
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Note that the ratio of the effort and the wage in the pooling equilibrium falls

between the firm specific ratios in the perfect information scenario.

e⋆2
w⋆

2

<
e⋆ρ
w⋆

ρ

<
e⋆1
w⋆

1

Thus, as demonstrated in the preceding analysis, type two firms are able to

obtain higher profits profits at the expense of type one firms. The pooled payoffs

to either firm type are and their employees are

πρ(w
⋆
ρ, h

⋆
ρ; e

⋆
ρ) = 63.34 vρ(e

⋆
ρ;w

⋆
ρ) = 4.89.

4.3 Signaling & Separating Equilibrium

In the market under consideration there is a profit incentive for type one firms

to distinguishing themselves from type two firms. Type two firms, on the other

hand, prefer the pooling equilibrium over a scenario in which workers can iden-

tify their true type. Since the employment contract cannot credibly convey this

information to the workers, type one firms may consider to incur costs in order

to signal that they are less likely to experience closure than type two firms. One

potential signal for this purpose is investment in durable capital goods. It is

crucial that this decision is taken before contract negotiations begin and that

potential workers for the next period can observe this investment.

(Insert graphical time line for the individual steps of the game)

Recall that the production process of the model requires labor inputs only.

Acquiring durable capital thus has no effect on output per hour of labor; any

investment in non-labor inputs constitutes excess capacity by definition. If the

signaling process successfully reveals firm types, however, firm-specific changes

in productivity relative to the pooling equilibrium occur: due to the differen-

tiated effort-responses of workers output per effective hour of labor for a type

one firm increases and vice versa for type two firms.

For a signal to distinguish firm types in a credible manner, the cost of signal-

ing needs to be negatively correlated with the unseen characteristic of the firm

that determines the workers’ choice of the effort level (Spence 1973). Unless this

condition is met, either type of firm will invest in the signal in the same way,

thus rendering its informational content useless. Assume, therefore, that firm

closure is associated with positive costs (Greenwald, Stiglitz & Weiss 1984). Let
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these costs be the sum of a fixed cost (Λ) and a variable cost (λ) indicating the

loss per unit of capital with 0 ≤ λ ≤ 1. The total cost of the signal (S) is the

sum of the cost for acquiring durable capital goods (K) at an exogenous unit

cost (ρ) and the cost of firm closure, the latter weighted by the respective event

probability.

Si(K) = ρK + θi(Λ + ρλK) i = 1, 2 (37)

Given both types of firms are risk neutral and their objective is to maximize

per-period profits, the signal is less costly for type one firms than for type

two firms. More precisely, type two firms face a greater probability to suffer

deductions from their profits due to firm closure at the end of the period than

type two firms.

Workers hold beliefs about the relation between the signal and a firm’s clo-

sure probability. In equilibrium, these beliefs must be self-confirming, i.e., they

must not contradict the informational feedback workers receive from the market

over time. Suppose workers hold the initial believes that a firm is type one, if

they observe a level of investment in durable capital goods of K ≥ K⋆ and type

two otherwise (K < K⋆) for a given K⋆. With these beliefs, workers adhere to

the best-response schedule in Equation (21) and provide the two separate effort

levels which characterize the symmetric information case.

e(w⋆
1 ; z; θ1;K) = e⋆1 if K ≥ K⋆

e(w⋆
2 ; z; θ2;K) = e⋆2 if K < K⋆

As the signal induces different effort responses by the workers, each firm

type chooses its investment in durable capital in order to maximize profits.

Note that, given the workers’ beliefs, the signaling value of any 0 ≤ K < K⋆ is

the same as K = 0. Similarly, the information of any investment which exceeds

K⋆ is the same as for K = K⋆. The workers’ beliefs are self-confirming if type

one firms set K = K⋆ and type two firms set K = 0. The following condition

reflect these choices.

π⋆
1 − S1(K

⋆) ≥ π⋆
2 ≥ π⋆

1 − S2(K
⋆) (38)

For a type one firm sending the signal must be at least as profitable as being

considered a type two firm by the workers. For a type two firm, on the other

hand, not sending the signal must be at least as profitable as the net benefit of
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signaling to be of type one. As any level of K⋆ which satisfies this condition

signals the true firm types to workers, there is a continuum of separating equi-

libria. Substitution of the signaling cost schedule and rearranging of Equation

(38) illustrates the limits to this continuum.

θ1(Λ + ρλK⋆) ≤ π⋆
1 − π⋆

2 − ρK⋆ ≤ θ2(Λ + ρλK⋆) (39)

The above expression implies, first, that the net benefit of sending the signal –

the difference between type one and type two profits in equilibrium minus the

ex ante investment in durable capital (π⋆
1 −π⋆

2 −ρK⋆) – must be positive and at

least as large as the cost of closure for type one firms. Second, the net benefit

of sending the signal cannot exceed the cost of closure for type two firms. If

θ1(Λ+ρλK⋆) > π⋆
1 −π⋆

2 −ρK⋆, the signal is too costly, as type one firms would

experience negative profits in case of firm closure. Conversely, if π⋆
1−π⋆

2−ρK⋆ >

θ2(Λ+ ρλK⋆), the signal is not costly enough as it cannot deter type two firms

from hiding their true type. In either case no separating equilibrium exists and

the market under consideration settles for a pooling equilibrium.

5 Discussion of Results

Efficiency wage models typically highlight the interconnections between compen-

sation and labor productivity. Many of the earlier contributions use the frame-

work in order to explain wage rigidities and persistent involuntary unemploy-

ment on the macroeconomic level (Solow 1979). The microeconomic foundations

identify three rationales for firms to offer wages in excess of a market-clearing

level: first, to decrease labor turnover (Stiglitz 1974, Salop 1979), second, to

prevent adverse selection in the hiring process (Weiss 1980, Malcomson 1981),

and third, to prevent workers from shirking (Shapiro & Stiglitz 1984). Labor

discipline models place particular emphasis on this last feature.9 A central pre-

diction of labor discipline models states that, even in the absence of market

failures, non-productive inputs are employed by firms and that the competitive

equilibrium is technically inefficient (Bowles 1985, Bowles 2004). Inputs are con-

sidered to be non-productive if they do not contribute directly to the production

process, but are acquired, nonetheless, in order to support the effort enforce-

9The labor discipline research program originates from an investigation of capitalist labor
market institutions (Marglin 1974, Lazonick 1978) and leads to an the attempt to formulate
microeconomic foundations for the contested exchange between labor and capital (Bowles &
Gintis 1990).
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ment strategy. Such inputs may be employed for monitoring (Gordon 1990) or,

more generally, to provide information about the worker’s effort level.10 From

a strictly technical point of view, the competitive equilibrium is inefficient in

the sense that the same output can be produced with less of one input and not

more of any other input under an alternative social arrangement. The model

put forward in the paper at hand reproduces these two features. Note, however,

that the equilibrium examined in Section 4.2 is technically inefficient even in the

absence of costly monitoring, as investment in idle durable capital allows type

one firms to maximize its profits, respectively to minimize the cost of effective

labor input.

A common hypotheses of efficiency wages models is that the asymmetric

information problem is one-sided; the principal cannot verify the effort of the

agent. In addition to this moral hazard, the present paper considers a principal-

agent problem with relevant, but private, information on the part of the prin-

cipal.11 Since the agent’s payoff depends directly on the principal’s type, firms

with a lower probability of closure are hurt by the employee’s incomplete in-

formation. Type one firms either pool with type two firms, in which case their

profits are in part transfered to the latter, or else type one firms have to under-

take costly signaling to distinguish themselves from their counterparts.

As demonstrated by Myerson (1983), when a principal designing a contract

has private information, the structure of the contract may reveal the principal’s

hidden characteristic to the agent. The wage offer is not (negatively) correlated

with the rate of firm closure and, therefore, cannot serve as a credible promise

by a type one firm regarding its chance of closure. In the framework under con-

sideration contracts cannot convincingly reveal the true firm type to workers;

instead, a commitment in advance is required. Given firm closure is associated

with positive costs, excess investment in durable capital satisfies this condition

for a credible signal and, thus, may bring about a separating equilibrium. This

signaling process is conceptually similar to models that consider excess capacity

as a strategy used in monopolistic and oligopolistic markets to deter entry by

new firms (Spence 1977, Dixit 1980). It is different in so far as the strategic

investment decision is targeted at workers and thus affects firm-specific produc-

10For a discussion of the relation between choice of technique and contract enforcement, refer
to Bowles’s (1988) taxonomy of monitoring, labor homogenizing (de-skilling), and commodity
rights enforcing technologies.

11In this regard, the present model differs from efficiency wage models that consider em-
ployment relationships of ”bilateral market power” (Ferguson 2004), in which workers and
employers benefit from maintaining the association. Typically, this is the result of assuming
positive labor turnover cost.

20



tivity and payoffs via the effort enforcement strategy.

The literature on so-called relational incentive contracts (for instance, Baker,

Gibbons &Murphy (2001), Baker, Gibbons & Murphy (2002), and Levin (2003))

investigates issues of endogenous claim enforcement in ways that are conceptu-

ally similar to the paper at hand. All of these contributions, however, are

concerned with contractual relations between firms (buyer-manufacturer) and

thus do not capture the specific characteristics of the employment relationship.

According to the knowledge of the author, the present model is the only con-

tribution that incorporates asymmetric information regarding firm closure and

signaling through excess investment into the efficiency wage framework. A num-

ber of closely related papers that should be mentioned are the following. Huang

(2000) extends the efficiency wage model by incorporating firms with different

closure rates in order to examine the issue of pro-cyclical productivity. It is

shown that in this setting a favorable demand shock could be associated with

a higher level of labor productivity, provided the average product per worker

is smaller than the relative effects of a firm’s closure rate and wage rate on

work effort. A recent paper by Baumann (2010) analyzes the role of sever-

ance payments in optimal labor contracts, employing an efficiency-wage model

with two-sided moral hazard, showing how employers commit to job security

for their workers by using severance payments. Another possible instrument for

commitment, as suggested by Katsimi (2008), discussed in this paper is over-

investment in firm-specific training. Unless severance payments are associated

with an increase in the enforcement rent, excess investment in human capital

is not optimal for the firm, and only severance pay is used as a commitment

device.

6 Concluding Remarks

The basic idea put forward in this paper is that, even in the absence of market

failures arising from collusion, externalities, or extended time horizons, it may

be optimal for firms to carry excess capacity. Due to the contractual incom-

pleteness of the employment relationship, i.e., the fact that labor as an input

is not well defined independently of wages, firms design an endogenous effort

enforcement strategy. In the case of a contingent contract renewal strategy and

imperfect information on the part of workers regarding the overall probability of

job loss, firms need to make a credible commitment to their workforce in order
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to minimize unit labor costs. Over-investment in durable capital constitutes

such a commitment.

Several issues for further research are suggested by the preceding analysis.

The assumptions of a single-input production and of an exogenous determination

of firm closure rates, while being convenient for expositional purposes, restrict

the scope of the model. The result that firms with a lower closure rate are

able to collect larger profits in the separating equilibrium suggest a feedback

loop; firm closure rates determine the effectiveness of the enforcement strategy,

the outcome of the effort bargain in turn affects the competitive position of a

firm. Another obvious extension of the analysis would be to consider durable

capital not only as a signal to induce optimal effort but also as a productive

input. Investment in durable capital, thus, would impact labor productivity in

two ways, first, via the effort enforcement strategy, and second, via technical

progress in terms of an increasing capital-labor ratio.
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