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EQUILIBRIUM WAGE DISTRIBUTIONS™

by

Joseph E. Stiglitz

1. Intreduction

The observation that different firms pay different prices for
what appears to be the same commodity or pay different wages for what
appears to be equivalent labor has long been explained in economics by
a reference to "imperfect information.,'" This paper is concerned with
characterizing market equilibrium with iwperfect information. We do
not present a general theory; rather, we develop in some detail an
example of importance in its own right--imperfect information in the
labor market. Several properties of our example, in particular, the
existence of equilibria with price (wage) dispersion, multiple equi-
libria and the non-optimality of some or all of the equilibria, we be«
lieve are of more general validity; other results may mot be.

Two kinds of imperfect information play a role in the labor market:
(a) Whether or not individuals know about the wage distribution, they

may not know the wage paid in any particular firm or whether there

is a vacancy in any particular firm until they apply for a job.

*Financial support from the Ford, National Science, Rockefeller, and
Guggenheim Foundations is gratefully acknowledged. I am indebted to
S. Salop, J. Mirrlees and P. Diamond for helpful discussion.



(b) There are a number of characterigtics beside the wage rate associated
with any job which are important to the individual. Some, like the
normal length of a work week, become known when the individual applies
for the job; other characteristics (e.g., personalities of colleagues)
become known only after the individual has completed his training.l

There is one important difference between the two kinds of imper-
fect information: there is a return to matching individuals up with jobs
that suit them in any economic system. There will be imperfect information
of this sort so long as individuals and jobs differ. On the other hand,
the imperfect information resulting from wage dispersion is a kind of

imperfect information generated by the market itself. In particular a

socialist economy could, if it chose, simply pay a uniform wage for iden-

tical labor. We are uged to thinking of markets as serving a useful
function in conveying information, e.g., about demands and supplies.

Our analysis suggests that, under certain conditions, the market may,

in effect unnecessarily "create' imperfections of information which, not

gsurprisingly, may turn out to be quite costly.

There are two ''problems" in constructing an “equilibrium® model
with imperfect information: first, how do we prevent the eventﬁal accu-

mulation of information., If individuals were infinitely lived, and jobs

lthis is the analogue to the "specific information" about individuals
which a firm seeks when it employs someone. See Stiglitz (1974a).
Akerlof's Theory of Lemons is perhaps the earliest discussion of mar-
kets with differential information. More recently, Spence, Stiglitz
(1971, 1974), Salop and Salop; Arrow (1973) and Rothschild and Stiglitz
have focused on imperfect information about qualities of individuals,
their productivities, turnover rates, and accident proneness.



never changed, eventually, through search,1 everyone would find the job
which most suited him., "Imperfect information" would only characterize
the market in the short run. In the discugsion below, we maintain a
“eontinual flow of ignorance' through a continual flow of new entrants
into the labor force and a flow of deaths out of it.2 This "flow of
ignorance” is just large enough to offset the "flow of knowledge" re-
sulting from search behavior, and an equilibrium with imperfect infor-
mation is sustained.

The second problem is, how do we induce different firms to pay
different wages. That is, imperfect information may explain why indi-
viduals pay a price for a commodity which is in excess of the lowest
price being charged in the market, or why they accept a wage which is
below the maximum being paid in the market. But we still must explain
why some profit maximizing firms charge one price or pay one wage while
other firms charge another price or pay another wage.

In the digcussion below, we provide two "solutions™ to this problem°3
In the first, presented in Section 2, we agsume different firms face

different training costs. (The training is assumed to be specific to

1As Rothschild has emphasized, if search were costly, individuals might
stop short of obtaining "perfect information," and so price (wage) dis-
persions might be maintained.

21f there were exogeneous sources of uncertainty, e.g. technical change,
so that "jobs" have a finite 1ife, then the analysis would be similar
to that contained here. '

3Salop {1973) and Stiglitz (1974b) provide quite another explanation of
wage and price dispersion in monopolistic markets: the wage and price
dispersion may enable the monopolist to discriminate more effectively
among his customers.



the firm.) By paying higher wages, the firm can reduce labor turnover;
the importance of reducing labor turnover depends on the magnitude of
the training costs. Thus firms with higher training costs pay higher
wages. It should be noted that with perfect information, if firms differed
in their requirements for trzining which is specific to the firm, the firms
would absorb these training costs, but the individual in the firm with
more gpecific trainimg would receive the same wage as the firm with little
specific training.

Somewhat more surprising, however, is the result that there can
be an equilibrium with wage dispersion even in the absence of differences
in firm’'s training costs. For this to be the case, clearly profits when
viewed as a function of the wage paid must have more than one relative
maxima, with the wvalue of profits at the different relative maxima iden~
tical. This can be shown to be the case under very simple conditions.

There is an important interaction between the search for higher
wage jobs and the search for jobs which '"match™ one's preferences. The
existence of wage dispersion clearly affects the profitability of searching
for a "better match.” What is not so obvious, however, is that when there
is imperfect information of the second type (‘matching individuals to jobs")
there must necessarily be imperfect information of the first type: the
market equilibrium must have wage dispersion,

Previous studies have focused on firm behavior when facing individuals
whose turnover rates ig affected by the wage rate (Mortenson, Salop (1972)),
and with individual behavior in markets with wage dispersiong (Salop
(19723). But there have been no attempts to link the two sides of the

market together: the quit rate of the individuals is affected



by the wage distribution; the wage paid by a firm with a given training
cost is determined by the quit rate function, so the wage distribution
in turn is determined by the distribution of training costs. Thus,
corregponding to any distribution of training costs there is an equi-
librium distribution of wages. But the wage rates and quit rates asso-
ciated with any given level of training costs must be such that these
firms just break even {(assuming free entry).

Our analysis can thus be viewed as an attempt at a simple general
equilibrium formulation of the conventional search models. Such a for-
mulation is required not only because in its absence, we are likely to
be misled into formulating models in which there is not in fact wage
or price dispersion (as Rothschild (1973) argues to be the case with
Stigler's analysis) but also because such an analysis is required if we
are to make any valid welfare economic statements about the behavior of
markets with imperfect information.

The exact characteristics of the equilibrium turn out to depend
rather sensitively on the exact assumptions one makes about production,
search, tastes, labor supply, and information. The simplest version of
the model is presented in the next section; this is then extended to a

number of different directions in subsequent sections.

2, The Basic Model

2.1, Introduction
The basic model presented in this section is a simplified version

of the conventional search model. The basic ingredients (described more



fully below) are the following:

(a) Individuals are continually searching for a better, i.e. in our
simplified model, higher paid, job. They quit when they successfully
find a better job.

(b) For simplicity, we assume that there are only two commodities, one
of which requires no training costs and which we choose as our
numeraire. All production processes are characterized by constant
returns to scale, and there is free entry. 1In the other industry,
firms face specific training costs. By paying higher wages, they
reduce their turnover rate. The optimal level of wages depends on
their training costs. Firms also have a2 choice of technique; techni-
ques which have higher output per man have a higher training cost.

Each firm in equilibrium is then characterized by a wage, a choice
of technique, and a level of employment and output; the market equilibrium
is characterized by a wage distributi.on1 and a set of relative prices.

In equilibrium,

(a) given the quit rate function generated by the wage distribution,
each firm has chosen the technique and wage which maximizes its

profits;

lAs we note later;, there are actually three distributions which charac-
terize the equilibrium:

(i) The distribution of individuals by the wages they receive
(and the industry in which they work}.
(ii) The distribution of firms by the wages they pay.
{iii) The distribution of firms by the training costs of the
technique they employ.



(b) 2ll firms make zero profits:

(c) all markets for goods and labor clear;

(d) the number of individuals quitting a firm at any moment of time
equals the number of individuals who accept employment at it,

Two of these conditions require some comment: the second condi-
tion follows immediately from the assumptions of free entry and the
constant returns to scale property of the technology. The fourth con-
dition is a statement that we are concerned only with the stochastic
equilibrium of the economy,1

In the remainder of this section, we set up and analyze the equi-
librium of our simplified economy. We procede in several stages: in
Section 2.2 we degcribe the behavior of individuals in the economy while
in Section 2.3 we describe the behavior of firms, as they face a given
quit rate function. Section 2.4 derives the quit rate function, given the
distribution of firms by training costs. In fact, however, the disgtribu-
tion of firms by training costs is an endogenous variable in the system,
and it is derived in Section 2.5, Finally Section 2.6 describes the
determination of the relative price of the two commodities. Having thus
described all the 'pieces™ of the economy, we put them together in Sec-

tion 2.7 for an analysis of the general equilibrium of the economy.

lThis restriction is roughly amalogous to the restriction in much of
growth theory to steady state analysig, and is employed for essentially
the same reason. The derivation of the optimal wage policy of the firm
and the derivation of the quit rate functions out of steady state is

a complicated matter which would obscure the fundamental points we wish
to establish here.



2.2. Individual Behavior

We agsume all individuals are identical.1 They die exponentially
at the rate i , and they are replaced by an equal number of new workers,
so that the labor supply remains constant at L . Each laborer supplies
one unit of labor. When individuals enter the labor force, they randomly
apply for a job, which they accept. Meanwhile, they continue to search
for a better, i.e. a higher paying, job. The length of time to go from
one firm to another to find out its wage is a random variable described
by a Poisson process; the average number of searches per unit of time
is 8 , which is fixed. There is no cost to search or to changing jobs,2
up to the search intengity s ; more intensive search is prohibitively
expensive, Individuals do not know the wage paid by any particular firm;
since s ig determined in effect exogenously, we need make no assump-
tion concerning whether the individual knows the wage distributiorn.
Later {Section 4), however, we shall have to be more explicit on this

point.

2.,3. The Behavior of the Firm: The Determination of the Wage, Given

the Quit Rate Function

Both sectors of the economy have production processes which re-

quire no capital, and which have constant returns to scale.

1In Section 5, we asgume individuals differ with resgpect to their evalu=-
ation of the non-pecuniary characteristics associated with any firm.

21n Section 4, more general cost functions are introduced, and the search
intengity 8 is determined.



Each firm chooses a wage. Clearly, if at that wage rate, it is
making a profit, it will attempt to expand, if it makes a losgs, it will
contract or change its wage or production process. We shall be concerned
with characterizing equilibria; accordingly, under the assumption of free
entry, each firm makes zero profits, and so is indifferent about the
scale of production., Thus; having determined a wage policy, the firm
simply accepts for employment all individuals who apply. Its crucial
decigion is the determination of its wage rate.1

In the no training cost industry, the determination of the equi-
librium wage is a simple matter., Let a, be the output per man in this
sector. Letting the output of this sector be our numeraire, for the
zero profit condition to be satisfied, the wage, w , must be equal

to ao,

(2.1)

In the sector with training costs, a production process is char-
acterized by a fixed training cost per worker, T (which is assumed to
occur ingtantaneously upon hiring the worker), and by a quantity of out-

put per man year, a{(T) .

lAlternatively, if firms are large, then the number of applicants will
equal the number of deaths; then the firm's production process may in-
volve capital as well as labor. 1In other cases, that is, for small
firmg with capital; after each death or quit there is a (random) period
of idleness of the machine, This means that firms must worry about the
percentage of time machines are idle, and individuals may apply to firms
with no vacancies. This complicates but does not basgically change the
analysis.
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The firm must decide on what wage to pay and what technique to
employ at each moment of time, so that it maximizes the present discounted
value of its profits. Again, our restriction to stochastic equilibrium
analysis allows us to greatly simplify the problem, for then the wage
paid and the technique employed by the firm are constant over time; and

are chosen to maximize:

(2.2) mo= {pa(’fi) - [wg + (aGwy) + r)]T}Li

where r is the rate of discount (rate of interest)
n/r 1is the present digcounted value of profits
q(w) 1is the quit rate function
Li is the level of employment
p 1is the price of output.

The labor costs consists of the direct wage payments (wL) ,
training costs to replace workers who quit (qTL) , and interest on
previous expenditures for training costs (rTL) . q , the quit rate,
acts essentially like a depreciation factor on "human capital' expendi-
tures of the firm. By increasing w , the direct labor costs are in-

creased but the turnover costs (the "depreciation rate') is reduced,

The profits are maximized (labor costs per worker minimized) when

2.3) 1+ q' )T =0."

llf the supply of laborers to the firm is a function of the wage it pays,
then we have

2.3") 1+ q' )T = (ap -~ w -~ (gtr)T)L'/L .

If there is free entry, the RHS of (2.3') is zero, so we again obtain (2.3).
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Noxmally, the quit rate function is drawn as in Figure la, as
a convex function. By drawing a straight line with slope -~1/T , we
find the point where q' = -1/T . As we increase training costs, we
increase T smoothly.

No argument, however, has been given why the quit rate function
should have the given shape, rather than that of Figure 1b. There,

w<w for T<T. As T increases above T , there is a jump in

A

the wage, and thereafter it increases smoothly with T .

In either case, however, the wage i1s a monctonically increasing

function of training costs. In particular, this implies that

the wage paid in the no training cost industry is less than or equal to

that paid in the training cost industry.

2.4. The Determination of the Quit Rate Function, Given the Digtribution

of Firms by Training Costs

The crucial question then is the determination of the quit rate
function. Under our assumptions, the quit rate is just the death rate;
plus the probability of an individual finding a better job. The latter
ig equal to the average number of searches per unit of time, timeg the
probability that one of these firms has a wage greater than the wage the
individual is presently receiving. If F(w) is the percentage of firms

who pay a wage less than or equal to w , then the quit rate isl
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(2.4) qw) = p+ sl = FW)) .

Hence, if F{(w) 1is differentiable at w ,
(2.5) g'(w) = -sfW) ,

where f(w) is the density function of w . Thus, for the quit rate
function to be convex, the density function must be monotonically de-
clining; i.e. the only continuous wage density functions are those in
which the density function of wage is monotonically decreasing. In
particular; continuous unimodal distributions, such as the normal dis-
tribution, imply that £° > 0 for wages below the mode, and hence are
not consistent with equilibrium,2

F(w) is the distribution of firms by wages; let G(w) be the
distribution function of jobs by wages. Under our assumptions, all firms
have the same number of applicants, f(w+s)/N s where N 1is the number
of firms and L is the total labor force. Of the applicants, ui= are
new entrants: G(w) of the applicants who are presently employed accept
jobs if the firm pays a wage of w . Thus the total acceptance rate is

proportional to u + sG(w) ,3 But acceptances musgt equal quits:

llf instead of assuming that the time required to sample an additional
firm ig a random variable we had assumed the individual makea s searches

per unit time, then
-1
qw) =p+ @ - FEN®), q' = -sF° £ .
The rest of the calculations must similarly be modified in a straightfor-
ward manner.

2Not too much emphasis should be placed on this result, since, as we shall
see, it is not true in more complicated versions of the model.

3If there is a mass point at w , then if individuals only quit if they
receive a higher wage, the acceptance rate is u + s lim G(w-¢) , e>0 .
¢
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£(u + s6W)L = LG + s ~ Fw))]
where L(w) = labor force of firms paying wage w, 1i.e,

Y - o)

where g{(w) 1is the demsity function corresponding to G (assuming G

is differentiable). Hence,

or
1 _ f (w)dw
(2.7) J. U+ sG dG = ur u+ sF(w)

which can be solved for G as a function of w .
Differentiation of (2.6) shows that
gl £l ., s&a._ ., _.sf
(2.8) g - f T htsC T prs(l-F)
so that even though f must be monotonically declining, g need not be.
Finally, we need to relate the distribution of firms by wages to

the digtribution of firmg by training costs. Given a wage distribution

F ; for each value of T , we can calculate the optimal value of w .
(2.9) w = y(T;F) .

It is clear from our earlier analysis that w is a monotonic function

of T ; hence, we can invert H and write



14

(2.10) T = 4:'"1(w;F) .

Let H be the digtribution function of firms by training costs. Using

(2.10) we immediately obtain our distribution of firms by wages

(2.11) B s E))

Equilibrium requires

(2.12) HO ™ w3F)) = F(w) = Fow)

for all w .

We have here then a mapping from the set of distribution functions
onto the set of distribution functions. We are not concerned however
with the proof of the existence of an equilibrium, only with characterizing
the equilibrium if it exists.,

Differentiating (2.12), we obtain

(2.13) £y = - ML g
sf
where dH/AT = h(T) is the dengity function of T .
Thus, given any continuous density function of firms by training
costs, we can find a distribution of firms by wages.
Notice that regardless of the density function h(T) , £'< 0 .
An example may be instructive. Assume h(T) is uniformly dis-

tributed over the unit interval [1,2] .
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1 1<T<2
h(T) =
0 T>2, T<1.

Then from (2.13)

1 1/2 1 1/2
(2.14) fw) = v T s P A <w<s+ Voin

2,5. Determination of the Distribution of Firms by Training Costs

We now must determine the distribution of firms by training costs,

h(T) . If all firms are to be making zero profits,
(2.15) pa(T) =w+ (u+ s(l -~ F(w})T .

Given p and w, each firm chooses its technique to maximize

profits:
(2.16) pa' = q =+ s(l - F(w))
(2.17) pa" <0 .

Pointg along the part of the a(T) curve for which a" > 0 will never

be chosen. (For the remainder of this section we assume a'' < 0 every-
where.)

From (2.16) and (2.15}) we obtain

(2.18) w=rp(a - Ta") = pb(T)
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where b(T) =a ~Ta' ;: b' = -Ta" >0 ;

the real product wage is an increasing function of T . Since (2.15)
must hold for all w actually paid,
2.19) Y S
a Pﬂ s dT f' .
Attention needs to be paid to certain boundary value problems.

{(a) Determination of highest training cost technique used, T .

Note that if
pa'' + h("'f) <0

profits at T will be lower than at T<T . Hence h("r') =0 . TFrom

(2.16),

(2.20) T=a "t .

(b} Determination of lowest training cost technique used. Let
I be the lowest training cost technique used and w = w(T) be the lowest

wage paid in this sector. If w(T) > Voin ? then there must be a mass

in
point of firms at w(I) . Let T be the solution to

- sT(1 - F(“min)) =~ wsT .

(2.21) ‘Ea}i pa(T) = Voin

T
I1f a firm were to pay a wage less than w(T) , it would clearly have the
same quit rate in the interval (wmin’ w(T)) and so would pay v

in °*

(2.21) gives the technique with T < T with maximal profits. This clearly
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must be less than profits at T , 1i.e.
pa(l) - w o~ L(w+s(Ll-F@ . ») <pa® - w oo - T(uts(l- Fw ;)
<pa(l) - w(l) - T+s(l-FW(D)))
50
w(l) - Vmin

(2.22) Fw(@D) - F@w ,.) 2 e 0.

Thus the quit rate function must look like either Figure 3a or 3b.

2.6. Determination of Relative Price

Finally, we must determine p . For simplicity we assume all
individuals have identical, homothetic indifference maps. This means
that if Q0 is the output of our numeraire, Q1 the output of the
indugtry requiring specific training1 we can describe equilibria in the

goods markets by

(2.23) Q = D(p, [wdG(w)) = a(p) [wdG(w) ,

where (p)p 1is the proportion of income spent on good 1 when its price
is p . Price is determined; as usual, to make demands equal supplies.

The relative supplies in turn are determined by the wage distribution.

llmplicitly, we have agsumed that output of sector 0 1is the sole re-
source required for training. This is an inegsential assumption which
can easily be modified.



min
FIGURE 3a
w(D) > Ymin
Yinin
FIGURE 3b
w(l) = w

min

17a
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2.7, The Full Solution

We can now "solve' for the equilibrium as follows. Consider any
set of values of w and p . Consider first the case of w=w

From (2.18) we immediately have

dT
' = p! —
(2.18") T =b' @) 5575 >0
and from (2.,20)
(2,20%) T = a"l(u./p), % >0 .

We can immediately solve (from (2.19)) for H(T) and hence for F(w)
up to a constant of integration. We need to know the distribution of
individuals by jobs; to know this, we must know the percentage of in-
dividuals working at the minimum wage, G(wmin) « Given G(wmin) s we
can solve for G(w) for w>w . Let G(w; p, W, G(wmin)) be the
solution. We then solve for the demand for labor by firms paying wages

in excess of w
min *?

(2.24) Lj‘w>w d6(w; P, W, G(W_, )) .
min

We require

' - = .
(2.24") 1 -G, ) .rw>de(w, P, W G, ) .

It is easy to show that for any value of y and p there must exist

at least one solution to (2.24'), Let any such solution be denoted by
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Gmin(g,p) » and we can now express G(w) simply as a function of w

and p . The supply of output can thus be written

(2.25) Q, = E]w:>wacr(w))dc(w; w, p) + a(@D(1-p)C_, (W,P)

where p 1is the proportion of individuals working at the minimum wage

who work in industrxy O . Substituting (2.25) into (2.22) yields a "demand

price

a_ -1 4
(2.26) p = (Im) .

Any value of p which solves (2.26) is an equilibrium. At a

finite value of p , given by the solution to

(2.27a) b

E= al(T)
(2.27b) w = p(a(T) - a'(1)T)
T = 5’, 80 pd >p .

On the other hand, let 5 be the solution to Gmin(g,;) =0 , Then
Q0 =0, and pd < ; . Since the functions are continuous, there must
exist a solution p < p* <p, for any value of 0 sufficiently large.

The only modification required for w_w_,>'wm is that inequality

in
(2.21) must be satisfied as well. For sufficiently large w it is easy

to establish that (2.21) cannot hold. But there exists an interval

<w<w

w ; such that for any w in that interval, firms are able
min — = max w

to "pass along” the higher wages they pay to consumers.
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Among the equilibria is one in which all firms pay the same wage,
in which case the quit rate function appears as in Figure 4, Clearly,
regardless of the training cost, the wage paid will be Woin

choose the technique to maximize profits, given the price of output,

The firms

maxfpa -~ ur - L

]
T in

since the only turnover is due to the exogenous '"death" rate u . Thus

In equilibrium, the maximum value of profits must be zero, so

p = (uT + wmin)/a(T) .

2.8, Welfare Implications

Thus, the set of equilibria yielded by an ecoﬁomy with imperfect
information is much richer than that generated by essentlally the same
economy with perfect information. The different equilibria in the economy
with imperfect information differ not only in the distribution of wages,
but also in total expenditure on training and relative prices between
commodities. Clearly, average wlefare is lower in the economy with wage
dispersion than in that without. Although some individuals are better
off and some worse off, ex post, from an ex ante point of view, that is,

before the individual enters the labor market everyone's expected utility

is lower in the economy with wage dispersion. To see this observe that,

because of concavity of a ,
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min

FIGURE 4

Single Wage Equilibria
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(2.28) Q, <1L,a@ED) =Q

where ET is the mean value of T . Let
U(CO, Cl)

be the utility function; let Eb and Ei be the average levels of con-

sumption of the two commodities. Then

Co = Q - uLT =Qq
¢ Y
—— " - A A * *

U(00; Cl) < U(QO L,uT, Ql) $,U(Q0, Ql) S_U(CO: Cl)
where Cg B CT are the levels of consumption with no price dispersion.
(The first inequality follows from the fact that some resources are used
in training from turnover for reasons other than death, the second in-
equality from (2.28), the third inequality from the fact that if a single
technique is used in each sector and the only turnover is from death,
then (Cg, Ci) is the optimal level of consumption of the two commodities.)
%

let V(p,w) be the indirect utility function, w  the equilibrium wage

with no wage dispersion. Then

Ve, W) = U(Cy, €) , V(p, Bw) = UCy C))

but from the concavity of Vv,

EV(p,w) < V(p, Ew) < V(p*, v*) ,
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2.9, Concluding Comments

In this section, we have constructed a very simplified model in
which we have characterized the equilibrium, established the existence
of multiple equilibria with wage dispersion, and shown that, in an ex
ante welfare sense, these are unambiguously worse than the equilibrium
with no wage dispersion.

Unfortunately, at this level of generality, that is as far as
we can go. For a more detaliled examination of the welfare economics
and the comparative static analysis of the effects of a change in search
intensity, we turn in the next section to a simplified version of the

analysis presented here.

3. Equilibria with Only One Technigque

Although the existence of a wage distribution when different firms
employ techniques with different training costs seems not unreasonable,
it turns out that there may be a wage distribution even when there is
only one technique of production, or only one 'best" technique of pro-
duction (as may be the case even when there are a continuum of techniques;
but when a" >0 ).

The model, although somewhat stark, can be generalized to make
it look more ''reasonable,' and this is done in subsequent sections,
There are, however, advantages to seeing how the model works in its most
simple form, In particular, the analysis of this section will help

clarify the reasons for multiplicity of equilibria.
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The model is the same as in the previous section except now there
is no choice of technique in the training cost industry. We choose our
units so that its output per unit labor is one and its training cost

per worker is T .

3.1. The Single Wage Equilibrium

The single wage equilibrium is characterized; as before by

{3.1) w =W

{3.2) p =W

+ o
min WT

At that wage, firms make zero profits, and at higher wages the firm

makes & loss. Hence W is the equilibriuvm wage.

in

3.2. TIwo Wage Equilibria

On the other hand; there are an infinite number of equilibria
with two groups of firms. Let vy be the wage paid by the high wage
firm, W, >'Wmin#° If W and Woin are both cost minimizing for

the industry with training costs, and m 1is the percentage of firms

vhich pay w = V]

haf 1
(3.4) — - =
w1 Yin T
i.e.
(3.5) Wy = Woin + g1T .



If

(3.6) wy <w o+ st

then all firms in the industry with training costs pay wage v

Profits must be zero; since if both wages are paid, labor costs

are the same, profits must be the same. Hence we require

(3.7) p=w, +uT .

1

In equilibrium, quits must equal acceptances,
. -mul = m
(3.8) (1-muL = L(w_, ) (u+sT)

where L(w ., )} is the total number of workers at wage equal w .
min min

Then, normalizing the total labor supply at unity we have

-1 - {d-mou
(3»9) Ql 1 u+ 8T >
where, as before, p 1is the proportion of workers at Y oin working

in industry O . Demand for Ql can be written
(3.10) Q= ep, @y m W, (1-m))
. 1= ¥ Py min ‘

Equilibrium requires supply to equal demand, so, using (3.5), (3.7),

(3.9) and (3.10) we obtain

D 2 1-m
(3.11a) Ql(wmin + (p+ smMIT), Cwmin*-Sﬂ Ty =1 - Laqrgﬁ& , 1f p<

1~-m

u+ sm » if g =

D - -
(3.11b) ngwli-uT, w1ﬁ4-wmin(1~ﬁ)) =1

24
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Any solution to (3.1la) satisfying the inequalities 0< o<1, 0<n"<1,

or to (3.11b) satisfying the inequalities vy < AP + gttt , W, > W oin ?

0<m<1 1is an equilibrium to the system.1 (See Figure 5.)

1For (3.11a), we have

(a +——21't>’zz’1‘-"‘"—Qﬁ)—zE
_dp P (u+ sm)

(3:12)

drm *
18 + s
But since
(3.13) nel - {mou
U+ s

from the Slutsky equation

an an an
—§;+H'SE-<<-§E— ﬁ<0 .

Using this and (3.9), it can be shown that (assuming unitary income elasticities)

LY

3
>0

As expected; an increase in high wage firms increases the proportion of
low wage firms producing in sector 0 .

For (3.11b), we have

D D D
E('2'1‘(1:& - W )__L}(u‘*'_s_)__ aQ]‘+1'raan
oI 1 min (u*—sﬂ)z dp 1

n——l—_"
d

with homotheticity, the numerator can be written as

SL e W nin - S <0 for w,-w small
1 (wl - “min)” + LAV (i + smr)m 1 “min
D

an an
As before, ap + n o 37 <0,




FIGURE 5

Two Wage Equilibria

BCT



26

3.3, TIhree Wage Equilibria

Even when all the firms in the high training cost industry may
pay higher wages than the firms in the low training cost industry, there
may be dispersion among the wages they pay. Consider the simplest case
where there are two such groups of firms, paying wages (wl, w2) 5
Wy > W, > Voin ° There is then a multiplicity of equilibria even for

a given price of the output of the high training cost industry, p .

%

Assume p = p” . Then
= # L) * -
(3.14) W, =W, =P ulT .
Let ™ be the fraction of firms paying wage w, o 1f Wy and Wy
are both cost minimizing,
sm
(3.15) ﬁ:%
1 2
or
(3.16) Wy =W - sﬂlT
and
ST
2 min
or
(3.18) L) < Voin + sﬂéT .

Substituting (3.16) into (3.18), we obtain



27

(3.19) .+ 17, >

For demands to equal supplies, letting ™ + =T, and using (3.16),

we require

D(o* ke - )y o1 - Mo
(3.20) Ql(p » wlﬂ s'rrl‘rrz’l' + wmin(l m)) =1 W+ sm

Any set of values of (ﬂ'l, 112) satisfying (3.19) and (3.20) is an equi-
librium. For instance, assuming unitary income elasticities, (3.20) may

be rewritten

‘ % ey L (ue)T 1
(3 020 ) sTﬂlﬂz — Wl‘ﬂ' + Wmin(l ﬂ) u + sTt a(p*) .

where Q(p)P 1is the proportion of income spent on good one. (3.20")
is plotted in Figure 6. Any value of T between 7 and ” generates

an equilibrium. !

1 : * . —(ubsdu
dnm Y1 7 ¥min 2 STﬂl
L _ (u+sm o
dm sT(m= 21'1'1)

The denominator is positive or negative depending on whether 'r'rl ;%ﬂ s

i.e. whether nl i ﬂ2 « The numerator is negative or positive depending

on whether

D . sy
1 <71 min  ca(p+ sm)
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u(uts )
(utsma

min

WI'W

sT

FIGURE 6

Three Wage Equilibria
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3.4, Other Egquilibria

It is easy to construct equilibria with any number of wage rates,
including a continuum. (This requires that the distribution of firms

by wages be the uniform distribution,)

3.5. Comparative Statics

What is the effect of an increase in s , the search intensity,
e.g. as a result of a reduction in the cost of search? It has been con-
jectured that this should reduce the dispersion in wages. Clearly, if
gearch were costless (s were infinite) the only equilibria would be the
conventional equilibrium of economics with no wage dispersion at all;
if s 1is finite there may be a wage dispersion, and it is natural to
assume then that as s gets larger the dispersion decreases.

OQur analysis makes clear that this need not be the case. Notice
that in much of the above analysis s and 1 appear multiplicatively.
Consider the two wage equilibrium described above. An increase in s
may be associated with a proportionate reduction in high wage firms,
i.e. the wages paid in low wage firms and wages paid in high wage firms
remain the same; the proportion of firms paying low wages increases.
Hence the mean wage is reduced. Prices remain unchanged: the presumed
advantages of extra search are completely abosrbed in increased training

costs.

1From (3.12) it is clear that the consequence of this is to change ¢ .
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Alternatively, the percentage of firms in the two categories could
remain unchanged, but the wage paid by the high wage firm increased.

In that case the price rises.

4. Search Costs and the Determination of Search Intensity

If there are costs associated with undertaking search, then a ra-
tional individual, in deciding how much search he should undertake, would
compare the expected benefits at each search intengity with the costs.

It is natural to assume that the costs are an increasing, convex function
of search intensity, i.e. if C(s) is the cost per unit of time of search

at intensity s,

(4.1) c'>0, c'">0.

The correct calculation of the benefits; is however, not so simple a
matter., We must know what the individual's knowledge about the distri-
bution of wages is, his attitudes towards risk, as well as his expec-
tations concerning the duration which he will keep any job. For in-~
stance, if the individual does not know the wage distribution, not only’
does search yield a direct return in the possibility of finding a better
job, but it yields an indirect return in enabling the individual to know
better the wage distribution and hence to make a "better" decigion with
respect to search intensity, For simplicity, assume the individual is
risk neutral, and has perfect information about the distribution of wages.
The maximum expected present discounted value of net income of the in-

dividual who is presently receiving a wage w 1is (in discrete time)
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Vmax
1

(4.2) VW) = max (v - o) + Fry ey | s -F@)veD + SWI V (w)dF (w)

Hence s 1is chosen so that

Wl'l!a'K
[ vendren) - (1- Fw))V W)

(4.3) C'(s) = %

(14p) (1+x)

where the second order condition implies that

(4.4) ch>0.,

From (4.3) we obtain the search intensity as a function of the wage paid

(given the distribution F(w) ). Simce

ds _ _ (1 - FGwV'
(4.3) dw  C"(l+uw)(1+r) °
dq a-r)y’
(4.6) dw = T ov(rw) ey - 8f s and

2
d . 3(1-F) V' 2/ y* y'c™ 1
(4'7) ;% = -sf’+ [ c" - (1-F) <C" h (C")2>] (1+1.L)(1+I’) ’

Thus the convexity of the quit rate function depends on the third deri-
vative of the search-cost function; clearly there is nc necessity for
the quit rate function to be convex even when f is monotonically de-
clining.

The extension of the analysis of the previous section follows
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in a straightforward manner. Consider the three wage equilibria. We
first need to calculate the glope of the quit rate function at the

highest wage. This, it can easily be shown, is equal to1

2
3 \* 3\~ ™
(4.8) = =0, == an
<aw>w=wl <aw>w=w1 O (utr+ s'rrl)

1The V(w) function can easily be calculated for that case. If an
individual at wage v, <w< W, searches at the intensity s , the

probability that he will find a firm paying wage w, at t (but not

-sﬂlt 1
before) is s e . Once he finds a firm paying a wage vy he
w
quits searching and V(wl) = E:; . The present digcounted value of his
net wages from time O on, if he finds a firm of wage v, at t is
w. e (W)L
w - C(s) a - e-(u-!-r)t) + 1
whr utr ¢
Thus expected PDV is just
- {w- m
vy =BG, M1 T D) Ty
prr utr wd+ r+gm "

1
Hence s is chosen so that
(w1 - ('w-C))TT1

b+ r+ sﬂl

c' =
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Agssume for simplicity C*(s) = constant > 0 . Then if

2
b2}

1 1

(4.9) (b + r + 8m )C"(0) =T

the high training cost firms will be indifferent to paying any wage be-

tween w, and v, (Figure 7); in particular, v and v,

minimizing wages; by appropriately selecting “é s the percentage of

are cost

firmg paying w, , We can construct an equilibrium as before.
There is one situation in which a problem does arise: if the

search cost appears as in Figure 8, then for the highest paying firm

g8 =0, and as is clear from (4.8), the quit rate function is flat at

VsV Hence;, no firm with positive training costs would pay Voax
Accordingly, the wage distribution becomes degenerate: the only equi-
librium wage distribution is that where all firms pay the same wage,
equal to Voin °
Although the cost function depicted in Figure B may be considered
pathological, even in that case there may exist a multiple wage equili-

brium if the non-pecuniary benefits resulting from search are taken into

account .

5. Non-Pecuniary Returns

As we noted in the introduction, jobs differ not only in the wages
they pay, but in certain non-pecuniary characteristics. Some individuals
will prefer the characteristics associated with one firm, others those

associated with another.
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q
1
- slope = - T
W
u nin Yo wl
FIGURE 7
C(s)

FIGURE 8
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We assume, for simplicity, that the individual does not know thege
characteristics until after completing training, thereupon he knows them
fully. The value, in "consumption equivalents,” of the non-pecuniary
characteristics we denote by 8 . Without loss of generality, we let
E@ =0 .1 The distribution of evaluations of the non-pecuniary charac-
teristics of any firm we denote by M(®) ; that ig, in a random sample
of individuals arriving at the given firm, M(9) will discover that their
evaluation of its non-pecuniary characteristics is less than or equal to
8 . We assume moreover that the evaluation of firm {1 is independent
of his evaluation of firm j ; and for simplicity, this distribution
is the same for all firms. The density function we denote by m(8) .

A risk neutral individual at a job with wage w and whose non-pecuniary

characteristics he values at © accepts a job if its wage, W , satisfies
(5.1) w>w+o .

Thus the quit rate function is simply

(5.2) q@) =+ [s(wr8) (1 - F(w+0))m(9)d8
80
(5.3) q' = -fef (wtB)m(8)d® + [s'(1 - F(w+8))m(@)db .

1If most individuals agree that one firm has more desirable character-
istics than another, we can simply add the mean value of & onto the
wage.
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The important implication of (5.3) is that even the firm which pays the
highest wage can, by further increments in its wage, reduce its turn-
over rate, and, if it attempted to reduce its wage, it would increase

its turnover rate, even though there are costs of search., Thus, the
problem encountered in the previous section is, in this sense, resolved.
There are, however, several interesting properties of the equilibrium

in thig case, which we can analyze in the simplified version of our equi-
librium model presented in Section 3. Thus, we assume that the high
training cost firms have only one technique, there is no cost to search

and search intensity is fixed at s .

5.1. Impossibility of Single Wage Equilibrium

If all firms paid the wage w then all individuals who dis-

min ’
covered that © < 0, would search for a better job and indeed, since
they do not know the characteristics of the job before accepting it and
going through training, would accept the first offer (since all firms
pay the same wage).

The quit rate of a firm (in steady sgtate) which decides to pay,
gay a wage w > Woin CAn be calculated as follows: all those with

B < Woin "V will quit.

in
Those who do not quit make up a proportionately larger fraction
of each firm's labor force. Those with 8 < Woin " ¥ have an average

duration on the job of 1/uts while those with 8 2>w . -w have an

average duration of 1/y . Thus the average quit rate is just
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1
(5.5) q =
M(wmin w) 1 - M(wmin -w)
+ e
uts it
with
2
-q sm(w - W)
(5.6) q' = min )
uluts)
For there to be a single wage equilibrium (assuming M(0) = 1/2 )
bsm(O)u(uts) 1
-q! = m e
(5.7) Q' ) I

2u+s)?

which will not in general be the case.

5.2, The Two Wage Equilibrium

As before, let m be the proportion of firms paying w, > w

1 in °

The quit rate function can now be written as

M(wmin -w) X M(wl -w) - M(wmin - w) 1 - M(W1 -w)

+

1 _
(5.8) q s wt g™ m

50

r o .2 - SR - L _1
(5.9) ¢q q m(wmin w) w+ sm  whs +m(w1 w) B optst

In equilibrivm, we require

(a) The slope of the quit rate function to equal -1/T :

W, )?
9w,y m(wmm + m{0) e ) =
u + sw uts 1

- wl)s (1=-m)

(5.10) -q' (w;) =

L N Lo
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(b) Quits equal acceptances

- Mw - w_ ) - M(0)
(5.11) q(w;)L(w,) = ﬂuL+L(wmin)an(wmin)<"—1(9)-+ min )

Wts uw+ sm
M(w -w) M{0) - Mw -w,)
+ L(WI)Q(wl)s‘n< mﬁ:‘_—s + p,+r::rn 1)
80
(5.12) L(wl) = m(wl, 110

(c) Demand for each commodity must equal supply. Since
p=Tq+w =pH, ™

market clearing requires (assuming for simplicity unitary income elas-

ticities)

{5.13) a(p(wl, ﬂ))(wlﬁ + wmin(l-n)) = LCwl) = ¢(w1, m .

A set of values of (wl, n) satisfying (5.13) and (5.10) is an equili=

brium; Figure 9 depicts one possible equilibri_um.1

1The functions defined by (5.10) and (5.13) appear to be quite complex
and we have found no simple conditions ensuring, for instance, monotoni-
city, Limiting values may however easily be calculated. Let y = W, W

min
First consider (5.10), Then, when y =0 , l/q(wl) = % g%{f;% = A2 .,
Thus B

°

For y very large, the only quits are to cother high wage paying firums
i.e.
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C m()sm_ 4wl (ut sm?
u(n+ sm Qu+ sﬂ)z

Hence, as y = =

ko, O<wr <1, if -“—#"—QLS—>%-

a2 w(uts)
Similarly, as m =0
1 1 M(-y)s
q(w;) o li(uts)
- +
_q.(wl) - MCvisu(uts)

2
(b+ 8~ sM(~y))
as y "~ y* >0 .
Turning to (5.13), observe that as y = = , that individuals only
leave the high wage paying firm as a result of death, while all individuals
who '"find" a high wage job accept it, so

u.L(wl) = m(uL + s(L - L(wl)))

L(w.)
ie. 17 _ nmuts)
L u + sm

Under the restriction that lim a(p)p <1l , as y —= 8,
p-@

nm=0 .
Finally, as y =0,

L(wl)

50

ﬂ‘**=a(-—+w )w .
in min
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Market Clearing
Equation

FIGURE 9
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6. Welfare Economics of Search

In the very nature of search and information there are important
externalities which firms will not take into account.

First, as has long been recognized (see, e.g. Arrow (1959)), im-
perfect information means that all firms have, as it were, some degree
of monopoly power; they can obtain workers even though they pay less
than the "market wage." They quickly loose workers to other firms, but
in the meanwhile, they are able to exploit the absence of information,
provided the costs of turnover are not too high. But what has not been
gufficiently recognized is that this exercise of monopoly power is, in
some sense, itself the cause of imperfect information; that is, it is
the exercige of this monopoly power which results in the wage differen-
tials, in the absence of which search would be unmnecessary. There is
thus a cost, in addition to the direct loss of consumer surplus usually
associated with the exercise of monopoly power, in the additional search
and turnover costs.

There is the further externality imposed on the low wage firm
by an increase in the wage of a high wage firm: although it reduces
its own quit rate--which at equilibrium results in a reduction in turn-
over costs just sufficient to compensate for the increased wage--it
increases the quit rate of other firms and the firm fails to take account
of the additional turnover costs of the other firms.

The consequences of these externalities is seen most clearly in
the example formulated in Section 3. There, we constructed several

equilibrium at the same set of relative prices of the two commodities,
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such that in one, some individuals were unambiguously worse off than
in the other and no one was better off: that is, one equilibrium was
Pareto Inferior to another equilibrium.

In the more general model presented in Section 5 above, the con-
trast between the market and optimal equilibrium may be seen as follows.
Since all individuals are assumed gx ante to be the same, it seems rea-
sonable to take as our objective function the maximization of the average
level of utility. For simplicity, we shall assume a cardinalization
which implies ’risk neutrality,' i.e. the indirect utility function is
linear in income, U = a(p) + b{(p)I+ 23 . We shall assume the government
is constrained to making each firm pay for itself; the only difference
between the 'govermment" solution and the "market" solution is associated
with the determination of wages in the high training cost industry.

This means that the government must choose a (wl, m) combination lying
along the curve m{w) defined above by equation (5.13) (the market

clearing curve). The government thus chooses w, 8o that

A | 3 am au an de

gp om |, U - 48 .
3p awl * Bwl AN Cwl wmin) 5;1 + w, = 0
with Wy = Woin when the inequality holds. The contrast between the

government and private solution is clear; the private solution entails

gg_ - Mgy = W )8 (-™ . m(0)sm
Bw - = 4 (u+ sm) (wHs) (b+ s
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Firms overestimate the effect of-an increase in w on turnover, for

when all firms change their wages together
m(w - w,)s{l-m)
- %_ = qz ﬂ(I:-'!l sﬂ)tu—i—s) <- gJ;v- *
1 W

This means that the private solution will entail too much wage inequality,

although the effects of this are mitigated by the positive sign of the
second, third, and fifth terms; in particular the competitive firm ignores
the gain in terms of the better matching resulting from more search.

Indeed; constrained optimality always entails some inequality, sincel

lWe ugse the fact that

u_ .
(a) R
L(wl)
(b) Ql =g = when Vi T Wi
1 1
MG, - W) - MM, - w)
4 1 _Ymin "M 2 Ymin " %17 1
@ q@w) wts b+ sm 2u
850
3q (w, ) o
aﬂ W, =W
1 "min
(e) ¥min "1 0 ©
8dM(8) - [oam® ooy
— - min 1 0
8 = q(‘Wl)'ﬂl wts + u+ sm + th
W, W -]
0 1 "min
[eance) [ oam(ey | om®
-co 0 1 "min
+ q(wmin) (1-m) e + g + m
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(: ;> UIhuzm(O)sT
3 >0 .
(Zu + 8) (b + s7)

1 min

It should be noted that we have just characterized the optimal
two wage equilibrium. The full analysis would require finding the optimal

distribution of wages. This would take us beyond the scope of this paper.

7. Concluding Commentsg

In this paper we have investigated the implications of imperfect
information for the equilibrium wage distribution. We have shown how,
even in a steady state equilibrium, identical labor may receive different
wages; the competitive forces which we normally think of as eliminating
gsuch differences in the long run may not do so when there is imperfect
information., Indeed, this may be the case even when the only source
of "imperfect information'" is the inequality of wages which the market
is perpetuating. When there are information imperfections arising from
(symmetric) differences in non-pecuniary characteristics of jobs and
preferences of individuals, there will always be wage digpersion in equi-
librium. Although it was established that (constrained) optimality
involved some wage dispersion, there was a presumption that the market
solution entailed more inequality than was optimal.

Once again, we see that the agsumption of perfect information is
not the innocucus assumption we sometimes make it seem to be: equilibrium
in markets with imperfect information appears to differ in fundamental

ways from that in markets with perfect information.
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Although we have not explicitly introduced unemployment into the
model, it would be an easy matter to do so, e.g., by requiring a period
of unemployment between job trainsitions, by assuming that search could
only be undertaken while the individual is unemployed, or, more generally,
by assuming that search may be carried on "less expensively" while unemployed.
The equilibrium would then be characterized by an unemployment rate as
well as a wage distribution. The regults derived above concerning the
non-optimality of the search equilibrium, as well as our earlier study
of labor markets with unemployment equilibria (Stiglitz, 1974b) lead to
the presumption that both thoge who argue that the existence of unemploy-
ment implies a zero shadow price of labor as well as those who argue that
since the unemployment is "competitively determined" it must be "efficient!
in some senge, and that therefore the shadow price of labor is the market
wage1 are likely to be incorrect. But the formalization of such a model
and the calculation of the shadow price of labor in it is a matter which

we shall have to leave for another occasion.

1Since homogeneous labor is receiving different wages, it is not clear
what we mean by the market wage. This simply illustrates the difficulties
of conventional welfare analysgis in this class of models.
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