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[. Introduction

The persistence of inter- and intra-industry wage inequality among observationally equivalent
workers is a salient feature of labor markets, even under conditions of high or full employment.
Evidence indicates that higher wages positively affect workers’ on-the-job effort (Goldsmith et al.,
2000; Kube et al., 2013), while Card et al. (2018) and Kline (2024) show that persistent wage
inequality partly reflect firms’ strategic wage-setting behavior. Building on this body of evidence,
the model developed herein extends the canonical efficiency wage framework of Shapiro and
Stiglitz (1984) by allowing for heterogeneity in wage-setting strategies across firms. The analysis
demonstrates that, in a labor market characterized by full employment, wage inequality operates
as a worker discipline device. Besides, the response of the wage Gini coefficient to the proportion
of efficiency-wage firms is inverted-U shaped. This analytical framework yields empirically testable
predictions on how efficiency-wage adoption across firms influences both relative wages and the

nonlinear dynamics of wage inequality.

II. Unemployment as a worker discipline device in an efficiency wage specification

Firms are unable to monitor workers perfectly, whereas workers care about the possibility
of being fired if they are caught shirking. As a result, the cost of job loss depends on the wage

received in the current job and how easy it is to be re-employed and the respective alternative job

pay. Thus, the level of effort exerted by workers, & € R, varies positively with the received wage
we R, (we normalize the output price to 1) and with the unemployment rate u €[0,1]c R and

negatively with the alternative wage w, € R, . The corresponding effort function is:

£+ w—(1-u)w,

(1) e(w) = [ (1-u)w,

&', otherwise,

n
} , if w>1-u)w,

where the parameter 7€ (0,1)c R is the wage elasticity of effort and ¢, =¢&” indicates the
normal effort level, with £ €(0,7) c R as a parameter.

Firms are small with respect to the economy and thus take the expected cost of job loss
(I-u)w, as given. The firm chooses the amount of labor L € R, and the wage w that maximize

its profits:



(2) 7=F(ew)L)—wL,
where F'(-) is a production function with F'(-)>0 and F"(-) <0 continuous.

Considering that w> (1-u)w,, the first-order conditions for an interior solution that

determine the optimal combination (w,,L,) are:

or , o
(3) a—L—F (e(w,)L,)e(w,)-w, =0,
(4) %’T =F'(e(w,)L,)e'(w,)L,—L,=0.

Combining (3) and (4) we obtain the so-called Solow condition:

w,

=1.
e(w,)

(5) g'(w,)
Using (1) and (5), we obtain the efficiency wage:?
1—
(6) w, = 1= 1-uw)w,.
I-n
The profit-maximizing wage w, varies positively with the alternative wage and the wage elasticity
of effort and negatively with the unemployment rate and the parameter &.
The model (1)-(6) solves for the equilibrium rate of unemployment, u . Since equilibrium

requires that the firm is willing to pay the prevailing wage, w, =w,_, this condition in (6) yields

1- _
w, = —é(l—u)wa. For this condition to be satisfied, the unemployment rate must be:

(7) 5:717_56(0,1)CR,

given that 0 <& <7 <1, which allows rewriting (6) as:

(6-a) w, :(l_lijwa.
I-u

The optimal rule in (6-a) implies that the firm is willing to pay a wage above (below) the

prevailing level whenever the unemployment rate is below (above) u . In equilibrium, however, it

must be that u =u . Therefore, the effort level associated with the cost-minimizing wage per unit

L Since F"()<0 and &"(w)=-n(l-n)[w-(1-u)w,]"> <0 for w>(1—u)w,, the second-order

condition for profit maximization is also satisfied.
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of effort can only be sustained if the expected cost of job loss is strictly positive, implying that
equilibrium unemployment serves as a worker discipline device. Intuitively, the equilibrium
unemployment rate in (7) is increasing in 77 and decreasing in &, as the former (latter) implies a
higher (lower) efficiency wage w, .

In this standard efficiency-wage specification, because all firms pay the efficiency wage, the
probability of re-employment of a dismissed worker (as given by the equilibrium employment rate
1—u ) has to be strictly less than one for the expected cost of job loss to be strictly positive and

thus function as a worker discipline device.

[1l. Wage inequality as a worker discipline device

The economy is populated by a continuum of firms that produce a homogeneous good and
operate as price takers in a competitive goods market. To isolate the role of heterogeneity in wage-
setting behavior across firms as a worker discipline device, the model herein is constructed to
sustain full employment of the labor force throughout. The absence of aggregate unemployment
is ensured by the presence of firms that act as employers of last resort by joining the competitive
segment of the labor market.

At each point in time, a fraction x €[0,1]c R of firms set the efficiency wage, as well as

the corresponding profit-maximizing demand for labor; these are referred to as efficiency-wage
firms. The remaining fraction, 1-x, pays the wage that clears the competitive segment of the labor
market, w_, and therefore choose only the profit-maximizing demand for labor (we refer to them
as wage-taking firms).

In this alternative environment, the effort function (1) needs to be re-specified as:

n
w—w .
(§+ “} , 1if w>w,,

w

a

(1-a) e(w)=:&" it w.<wsw,,

0,if O<w<w,.

The competitive wage is a binding constraint for firms that decide to join the competitive segment

of the labor market, since the strictly positive normal effort & =¢&" (rather than no effort at all) is
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exerted by workers only when the received wage is at least equal to the wage that clears the

competitive segment of the labor market. However, any effort over and above the normal level is
only exerted by workers when the received wage is strictly higher than the alternative wage w,.
Given that all efficiency-wage firms face the same effort function in (1-a) and the same
production function F(-), they set an identical efficiency wage and choose the same level of labor
demand L, . Since all wage-taker firms elicit the normal effort from their workers by paying the
competitive wage and carry out production subject to the same production function F(-), all wage-
taking firms hire the same amount of labor L, . Considering this intragroup homogeneity, the full

employment condition is:
x 1
(8) [ Ldi+| Ldi=xL,+1-x)L =N,

where N € R __ is the available labor force, which supplies labor inelastically and is exogenously

++
given and normalized to unity.

Profit maximization by wage-taking firms implies that the competitive wage is equal to the
marginal product of labor:

9) w, =F'(e

n

L)s, .
The objective function of an efficiency-wage firm is:
(10) 7, =F(e(w,)L,)-wL,,
where w, and L, denote the wage set and the labor demand chosen by an efficiency-wage firm,
respectively.
Efficiency-wage firms are small relative to the economy, and hence take w, as given in (1-

a). The first-order conditions in (3)-(4) also apply to the profit maximization of an efficiency-wage

firm. Thus, based on (6-a) and assuming u =0, the efficiency wage that maximizes (10) is given by:

(11) w, =( l_]wa.
I-u

The maximum level of labor effort that an efficiency-wage firm can elicit from their workers

can be obtained by substituting (11) into (1-a), yielding:

12) . _[a=omT
e 1_77 °



As expected, under the assumption that 0 < £ <7 <1, the maximum level of labor effort is strictly
greater than the normal level of effort:
(13) gEi:[ﬂT >1
g, \s(=m)
The alternative wage is given by:
(14) w, =(w,) (W)™
Substituting (14) into (11), the profit-maximizing efficiency wage in this environment with

heterogeneity in wage-setting strategies across firms is:

1

1 ==
(15) w, :( _j w,,
1-u

recalling that u € (0,1) c R is defined in (7). Therefore, it follows that w, > w, forall x €[0,1) c R

and that w, /w, is increasingin x.

Note that the existence of a nonzero mass of efficiency-wage firms intuitively requires that

w
—£ < —<£ . Using (13) and (15), the economic viability condition for the presence of a given
E, &

e n

proportion x €(0,1) = R of efficiency-wage firms can be expressed as:

(16) gz(l—lﬁj

It follows from (15) that the inequality in (16) holds only for x €[0,X]<[0,1) c R, where:

=
ln —
(17) Folo—z)

Ing

1-x

7

=l

1-
such that 82( j . Henceforth, the interval [0,x]< (0,1)c R is taken to constitute the

l-u
economically relevant range of x considered in the analysis.

Per the first-order condition in (4), all efficiency-wage firms hire the same amount of labor,
with the efficiency wage equaling the marginal product of labor:

(18) w,=F'(¢,L))e,.



Recalling that the population of firms, the available labor force N, and the proportion of

efficiency-wage firms x are exogenously given constants, the efficiency wage, w,, the demand for
labor chosen by efficiency-wage firms, L,, the competitive wage, w,, and the demand for labor

chosen by wage-taker firms, L_, all adjust to bring about equilibrium in the labor market.

This equilibrium is determined as the solution (w:,Lz,w:,LZ) to the system consisting of (8),

(9), (15), and (18). To derive a closed-form solution, we need to add more structure to the model,
and we assume that the homogeneous good is produced according to the following production

function:
(19) F(e(w)L)=(e(w)L)",
where a € (0,1) c R is a constant.

To explore the effect of changes in the distribution of wage-setting strategies across firms

on wage inequality, it is analytically convenient to express the labor market equilibrium in terms

*

e

* w * L e . . * . .
of the ratios w =— and ( =—%. From (15), the equilibrium relative wage w is determined as a
w

c c

function of the proportion of efficiency-wage firms, x, as:

1

(20) w = ;z[ 1 )HEW*(x,ﬁ),forall xe[0,)cR.

1-u

Therefore, w' is increasing in the proportion of efficiency-wage firms.

Considering the production function in (19) and the equilibrium relative wage in (20), we

can substitute (9) and (18) into (15) to obtain the equilibrium condition that determines the

equilibrium employment ratio (" =L /L. :
(21) ageoﬁ—l (L";)a—l — W*ag”aH (LZ)a—I ,

whose solution is:

(22) [k = [*g—ﬂx_jla = [’*(x’a’ﬁ) ’
w (x,u)



with:

1

j[g”“ (w*(x;ﬁ))z_a }”‘ <0 forall xe[0,)cR.

(23)

: -«

ol (x,at,it) __( 1
ow

Let us compute the equilibrium solution (w.,L ,w_, L )using (20) and (22). First, we use

(22) and (8) to obtain the demand for labor for each type of firm in equilibrium:

(24) .= C—
1-x+x( (x;0,u)
and
f* . —_
(25) . (x5a7u)

Tl—x4xlC (i)

Finally, given the production function in (19), the two equilibrium wages are obtained by
substituting (24) into (9) and (25) into (18):

M

(26) w =ag, " “[I-x+x{ (x;a,u)]™",

and

e e

* _ -a
(27) W= e I-x+x( (x;a,u)
O (x;a,it) '

Let us examine the effect of changes in the proportion of efficiency-wage firms on the wage
Gini coefficient as an alternative measure of wage inequality. As a function of x, this coefficient in

the equilibrium in the labor market is:
(28) G (x)=S,(x)-x,

where S:(x) denotes the share of total wages accruing to workers receiving the efficiency wage,

given by:
(29) S* (x) _ J.O Wngdl _ XW:LZ _ x¢(x’a’17)
) IXW*L*di+Ilw*L*di xw. L, +(1-x)wW.L,  xp(x,a,i)+1-x'
0o € e L ete
where:



1

(30) d(x,o,u0) Ew*(x,ﬁ)f*(x,a,ﬁ)=(ijla.

[w' (x,7)]"
Considering (28)-(30), the impact of the proportion x on the wage Gini coefficient can be
expressed as follows:
(31) G'(x)=5,(x)-1,
where the total derivative S:'(x) can be expressed as follows:

(32) S (x) = aSgix) N 85‘5;)0 a¢(;g:,,;) |

We know that:

(33) 5@ gran
ox [xd(x,,u)+1—x]
(34) 38, (x) _ x(l_—x) -0,
o¢ [xd(x,,u)+1—x]
and
(35) 8¢(X,a,t7):5¢(;)8W*(x,t7)=_¢(x’a,ﬁ) a Zln( 1_j<0.
Ox ow Ox (I-a)(1-x) 1-u
Inserting (33)-(35) into (32) yields:
*f * X (04 1
(36) S, (x)_Se(x)|:l_(l—x) o) ln(l—ﬁﬂ'
and
(37) S () =8" ()| 1- -2 ¢ 1n( ! )—S*(x) L _« h{ 1 j .
‘ ‘ 1-x)(1-a) \1-u Tl -xY (1-a) \1-u

The function S:(x) in (29) exhibits properties that are useful for investigating how the

wage Gini coefficient G (x) in (28) varies with x. First, from (16), (20), and (32), we have, by (36),

l+a

T—a l+a T—a
*g—_aJ = ( d p— j > 1. Therefore, the wage Gini coefficient

that S7'(0) = (0, a, 1) =[

G (x) in (28) is strictly increasing in the neighborhood of x=0, since G*'(O)=S:'(O)—1>O.

Second, the function S (x) in (29) reaches its maximum at x =¥ € (0,1) c R, where:



(38) X=

1 a
In
(1-%)° (1-a)

as (36)-(37) imply that S.'(¥)=0 and S:"(fc):—S:(i){ (1 1_]}0. Third, it follows
—u

1-n
1- T(1-
from (17) and (38) that % € (0,%) < (0,1) = R if, and only if, —— < In(&(1—i1)) = [gj (%) .
a J—
Thus, in the economically relevant interval [0,X] = R, there is (there is not) a reversal of G"(x) if
¥ <X (X¥>X).Finally, given that S.'(0)>1 and S (¥) =0, and noting that S_ (x) is a continuous
function in the interval [0,X]c R, if we assume that S." (x)<0 for all x€[0,X)c R, it follows

that there exists a unique value x € (0,X) =[0,X]c R at which the function G"(x) in (28) attains

its maximum value.

The behavior of the relative wage w'(x,i) in (20), as well as the functions S_(x) in (29)

and G (x)in (28), is illustrated via the numerical simulation presented in Figure 1. For illustrative
purposes, we liberally set £=0.05, 7n=0.45, and a =0.65. These values imply that x = 0.56,

thereby restricting the economically relevant domain to [0,0.56]  R. Meanwhile, the function

S:(x) in (29) reaches its maximum at x = 0.5, while the wage Gini coefficient reaches its peak at
%=0.08, where, intuitively, S.'(0.08)=1.

35

&
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2.0

0.5 /_\

0.1 0.2 0.3 0.4 0.5

10



Consequently, while the relative wage w'(x,) in (20) increases monotonically with the

proportion of efficiency-wage firms, the response to the wage Gini coefficient G (x) in (28) to this

proportion is inverted-U shaped.

IV. Conclusion

Wage inequality persists among otherwise observationally equivalent workers even under
full employment, reflecting firms’ strategic wage-setting and its effort incentive effects. Extending
the efficiency wage framework to heterogeneous firms, this paper shows that wage inequality can
serve as a worker discipline device under full employment. As the proportion of efficiency-wage
firms rises, the ratio of the efficiency wage to the competitive wage increases monotonically, while
the wage Gini coefficient follows an inverted U-shaped pattern, underscoring a non-linear trade-
off between effort incentives and wage dispersion. This framework offers testable predictions on
how efficiency-wage adoption across firms shapes relative wages and the nonlinear dynamics of

wage inequality.
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