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Endogenous Inequality in Integrated Labor Markets with
Two-Sided Search

By GEORGE J. MAILATH, LARRY SAMUELSON, AND AVNER SHAKED*

We consider a market with “red” and “green” workers, where labels are payoff
irrelevant. Workers may acquire skills. Skilled workers search for vacancies, while
firms search for workers. A unique symmetric equilibrium exists in which color is
irrelevant. There are also asymmetric equilibria in which firms search only for
green workers, more green than red workers acquire skills, skilled green workers
receive higher wages, and the unemployment rate is higher among skilled red
workers. Discrimination between ex ante identical individuals arises in equilibrium,
and yet firms have perfect information about their workers, and strictly prefer to
hire minority workers. (JEL C70, D40, J30)

Bad things happen to good people—two peo-
ple can appear to be similar in all economically
relevant aspects, including skills and opportuni-
ties, and yet one of them can fare much better
than the other. In its most visible form, this
heterogeneity appears as discrimination, in
which people hindered by no disadvantage,
other than a characteristic that is seemingly
irrelevant for any economic purpose, consis-
tently achieve substandard economic outcomes.

Theories of statistical discrimination are
commonly invoked to explain group-based in-
equality (see Glen G. Cain [1986] for a survey).
Suppose workers’ skills are not observable, but
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that there is a noisy signal of skill. Workers also
have a payoft-irrelevant characteristic, such as
being colored red or green, that is observable. If
firms can condition their evaluation of the signal
on this characteristic, then there is an equilib-
rium in which green workers acquire skills and
are hired at a high wage, while red workers do
not acquire skills and are hired at a low wage.
Because red workers choose to be less skilled
than green workers, firms pay them a lower
equilibrium wage, providing less incentives to
be skilled. Firms and red workers thus coordi-
nate on a low-skill, low-wage outcome, while
firms and green workers coordinate on a high-
skill, high-wage outcome.! Paradoxically, theo-
ries of statistical discrimination yield no
economic discrimination (Cain, 1986): all
workers, including reds, are paid their marginal
product. Given skills, color plays no role in
explaining wages.

While statistical discrimination may explain
part of what we see, it cannot be the whole
story. Theories of statistical discrimination pre-
dict that the red labor market clears, while dis-
crimination typically leads to persistent
unemployment. Moreover, theories of statistical
discrimination focus on an informational fric-
tion, arising because firms cannot identify the

! Bradford Cornell and Ivo Welch (1996) show that
statistical discrimination can arise, even if workers make no
skill-level choice and skill distributions are identical across
groups, if employers are better able to screen one group than
another.
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skill level of workers, that is not always plau-
sible. Finally, many of these theories have a
“separability” feature, common to models of
multiple equilibria, the implausibility of which
is discussed below.

In this paper we focus on search, rather than
informational, frictions as an explanation of in-
equality in outcomes. The popular explanation for
people with identical skills and education achiev-
ing quite different outcomes is often given in the
maxim: “It’s not what you know, it’'s who you
know.” Success can depend critically not only on
the choices we make in our interactions with oth-
ers, but also on the identity of those with whom
we interact. As a result, people throw tremendous
amounts of energy into searching for the right
people. Schools, clubs, neighborhoods, profes-
sional organizations, and academic conferences
are all chosen because they allow association with
a desired group.

We examine a dynamic labor model in which
newborn workers acquire skills at an idiosyn-
cratic cost. Unemployed skilled workers search
for firms with vacancies, while also being a
potential target of search on the part of firms
with vacancies. Once an unemployed skilled
worker meets a firm with a vacancy, they bar-
gain over the division of the surplus.”> Workers
come in two varieties, red and green. A work-
er’s color has no direct effect on payoffs, but
firms can observe workers’ colors and can focus
their search on one color, potentially giving
rise to endogenously generated, search-based
inequality.

Because color is payoff irrelevant, there is
always a symmetric equilibrium in which colors
are ignored. However, there are also asymmet-
ric equilibria in which fewer red workers ac-
quire skills than green workers, firms choose to
search only among skilled green workers, and
skilled red workers suffer from lower wages and
higher unemployment rates than skilled green
workers. The payoff-irrelevant characteristic of
redness identifies its bearer as a target for dis-
crimination, and reds fare systematically worse
than greens.

In our model, red skilled workers have no
difficulty in convincing firms of their skills.
Moreover, reds have precisely the same oppor-

2 See Martin J. Osborne and Ariel Rubinstein (1990) for
a survey of the large literature on search and bargaining.
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tunity to search firms as greens. In an asymmet-
ric equilibrium, a firm with a vacancy contacted
by a searching red worker happily hires that
worker, obtaining a skilled worker at a low
wage. However, since firms seek only green
workers, reds have a higher unemployment rate
and hence a lower expected payoff from market
participation. This lower outside option causes
worker-firm bargaining to yield lower wages for
red workers than for identical skilled green
workers. This is unambiguous economic dis-
crimination: workers of identical skills receive
different wages based on color.

Since reds do not acquire skills because em-
ployers do not seek reds because reds do not
acquire skills, the asymmetric equilibria in our
model superficially exhibit a coordination failure
similar to that in theories of statistical discrimina-
tion. Moreover, while worker skills are observable
(and so firms are not forming posteriors about
worker skills conditional on their color), the asym-
metric firm search behavior is due to the different
average—or statistical—properties of the red- and
green-worker pools (there are more skilled work-
ers in the green pool). In this sense, our model
simply pushes the source of the statistical discrim-
ination back one step.

In other crucial respects, however, our model
and the typical statistical discrimination models
part company. Statistical discrimination mod-
els, like most other models of coordination fail-
ure, yield separable outcomes: there is no
interaction between the different groups.’ In
addition to the asymmetric equilibrium in which
reds receive a lower wage, these models also
exhibit a symmetric equilibrium in which all
workers receive the same low payoff as do reds
in the asymmetric equilibrium (in this sense, the
greens are not imposing an externality on the
reds). There is also a symmetric equilibrium in
which all workers receive the same high payoff
as do greens in the asymmetric equilibrium. In
our model, the asymmetric equilibrium is not a

3 An instructive exception is the statistical discrimination
model of Andrea Moro and Peter Norman (1998). Workers
in their model must be assigned to either a simple or a

 complementary complex task within the firm, with only

skilled workers capable of performing the complex task. In
an asymmetric equilibrium, the marginal product of each
group depends upon the characteristics of the other, intro-
ducing an externality between groups. This interaction be-
tween skilled and unskilled workers also implies that (as
here), there is a unique symmetric equilibrium.
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coordination failure. There is a unique symmet-
ric equilibrium.* Payoffs to workers in an asym-
metric equilibrium cannot be replicated in the
symmetric equilibrium. Green workers can ob-
tain high payoffs in the asymmetric equilibrium
only because red workers obtain low payoffs.
The workers in our model thus impose an im-
portant externality on one another. It is only the
existence of the green workers that allows firms to
direct their search to the detriment of red workers.
This externality leads to markedly different policy
considerations than coordination-failure models.
The coordination-failure aspect of statistical dis-
crimination ensures that any policy intervention in
the red market has no effect on green workers.
One can subsidize red skill acquisition, impose
restrictions on red wages, or impose red hiring
quotas without the slightest impact on green work-
ers. In such a world, discrimination policy could
not have given rise to the concept of “reverse
discrimination.” In contrast, our red and green
workers participate in a single labor market. Any
policy designed to affect the outcome of red work-
ers inevitably has consequences for greens, and
greens may have a great deal to lose or gain from
discrimination policy. Our model is also sugges-
tive concerning the appropriate discrimination
policy, a topic to which we return in Section VL.
This externality between workers implies that
relative group sizes are relevant in determining
the possible directions of discrimination. While
it is natural to think of minorities as being the
targets of discrimination, this is not necessarily
the case. It can be the case that an asymmetric
equilibrium is more likely to exist in our model
if firms search the minority color worker,
though we also find circumstances under which
discrimination must target the minority.>
There are three key features of our model. The
pattern of firm and worker matches, including the
rates at which matches occur, is endogenous, de-
pending upon firms’ choices of which workers to

+ Kenneth Burdett and Eric Smith (1995) study a search-
based model in which firms make nontrivial decisions about
vacancies. As a result, coordination failures in the form of
multiple symmetric equilibria can arise, some in which
firms have many vacancies, workers acquire high skills and
earn high wages, and others in which firms have few va-
cancies, workers acquire low skills and earn low wages.

3 For simplicity, the bulk of our formal analysis is re-
stricted to the case of equal-sized groups. Examples 1 and 2
in Section IV explore the implications of unequal group
sizes.
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seek and the size of the unemployed skilled
worker and vacant firm pools. The workers’
choices of whether to acquire skills are also en-
dogenous, depending upon the market values of
these skills. Together, these choices allow asym-
metries between different groups of ex ante iden-
tical workers to be generated endogenously.
Finally, the terms of trade between matched
agents are determined in a bargaining process that
reflects market conditions.® This builds a natural
antidote to discrimination into the model by caus-
ing the disadvantaged group of workers to be
more attractive to firms because they command a
lower wage for a given, observable skill level. We
identify conditions under which discrimination
persists despite this ameliorating effect.

In practice, firms search for workers through
formal means, such as advertisements, and
through informal networks of contacts and re-
ferrals. We interpret a strategy of searching only
for greens as the cultivation of a contact net-
work that involves primarily greens. The impor-
tance of firms pursuing potential workers
through networks of contacts should not be un-
derestimated. Formal studies emphasizing such
networks are reinforced by the more popular
job-search literature.” Job-seeking guides rou-
tinely emphasize the exploitation of informal
contacts. Anecdotes concerning the importance
of the “old boy network” are reinforced by
popular claims that most jobs are obtained with
employers where the new worker already has a
personal acquaintance.

Our results show that groups of people can be
trapped in outcomes featuring low skill levels, low
wages, and high unemployment, not because there
are barriers to their seeking employers or securing
a job once an employer is found, but because
employers are optimally choosing not to seek
them. Given that workers always have the option
of seeking firms, can firm search decisions really
be that important? We suspect that firm search is

© These features distinguish our analysis from that of
Michael Saitinger (1998), who examines a model in which
firms can choose which groups of workers to seek but in
which worker groups have exogenously fixed asymmetries,
contact rates between firms and workers are insensitive to
the sizes of the unemployed worker and vacant firm pools,
and the terms of trade are fixed.

7 The importance of personal contacts and referrals in
seeking jobs is stressed by Mary Corcoran et al. (1980),
Harry J. Holzer (1988), Douglas Staiger (1990), Howard
Wial (1991), and Jacqueline Berger (1995).
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vitally important in real labor markets, especially
markets for skilled labor. Jobs are frequently filled
not through formal procedures by which potential
employees apply to firms, but through formal and
informal efforts on the part of firms to identify
candidates for the job.® Academic labor markets
are a superb example, where the hiring process for
new Ph.D.s typically begins with a department
search phase. More generally, “head-hunting”
firms exist because firm search is important.

We also suspect that the importance of em-
ployer search is growing in our economy. Em-
ployers face increasingly stringent legal
restrictions on the information they can seek
from job applicants. In many settings, it is ille-
gal to ask about an applicant’s religion, marital
and family status, nationality, health, criminal
record, and a variety of personal habits, even
though many of these may be important in as-
certaining the value of the employee to the firm.
As a substitute for seeking this information, a
firm can offer incentives for existing employees
or other contacts to recommend new employees,
with the recommendation of the existing em-
ployee signaling information that the firm can-
not legally seek. As a result, we expect firm
search to become an increasingly important
force in shaping economic outcomes.

The following section introduces the model.
Section II examines the symmetric equilibrium
of the model. Sections III-V examine asymmet-
ric equilibria. Section VI discusses the results
and their potential policy implications. Proofs
whose arguments are potentially distracting are
collected in the Appendix.

I. The Model

We consider an economy with a continuum
of firms and workers. Firms’ and workers’ life-
times are independently distributed according to
a Poisson process with death rate 8. Births of
new firms and workers also occur at rate 8, so
that the sizes of the populations of firms and
workers are constant.” The total populations of
both workers and firms are normalized to be of
measure one. Time is continuous, with interest
rate r.

8 David Scoones (1995) discusses firm search.

® We assume that the continua of independent random
variables describing firm and worker outcomes yield market
outcomes with no aggregate randomness.
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All firms are identical. Each worker has a
label, red or green, that has no direct payoff
implications. For convenience, we assume that
half of the population of workers has a red label
and half has a green label. Upon entering the
market, or being “born,” each worker makes an
irrevocable decision either to acquire skills or to
eschew skills and enter the unskilled sector of
the economy. Workers differ in the opportunity
cost of acquiring skill, denoted by a = 0, where
this opportunity cost includes both the direct
cost of skill acquisition as well as the forgone
value to entering the unskilled labor market.
Each worker’s opportunity cost « is the realiza-
tion of a random variable, independent of the
worker’s color, with continuous cumulative dis-
tribution function C. A worker makes the skill-
acquisition decision knowing his opportunity
cost of skill.

Each firm can hire at most one worker. If a
firm employs a skilled worker, whether red or
green, a flow surplus of x is generated, while a
firm hiring an unskilled worker generates a flow
surplus of zero. Notice that our model is partial
equilibrium in that the flow surplus, x, is inde-
pendent of the total number of skilled workers
hired.

A firm currently without an employee is “va-
cant,” while a firm with an employee is “occu-
pied.” All meetings between vacant firms and
unemployed workers arise from either firm or
worker search.'® Consider a firm searching for
both colors of worker when the skilled-worker
population is of size Hy, and the unemployment
rate of skilled workers is py,. The process de-
scribing meetings between unemployed skilled
workers and the searching firm follows a Pois-
son process with meeting rate AppyHy,. The
parameter A, captures the intensity of firm
search, while py,Hy, captures the idea that the
firm can more quickly find a member of a large
group than of a small one. In addition, note that
this meeting rate is independent of the size of
the searching firm population (i.e., of the va-
cancy rate). This yields an aggregate matching
process with increasing returns to scale. This is
not an innocuous specification; we discuss our

19 Since search is costless and the firm always has the
option of declining to hire any worker found, not searching
is weakly dominated by searching. We accordingly assume
vacant firms always search. A similar comment applies to
unemployed workers.
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modelling of the matching process and alterna-
tives in Section VL

Alternatively, the firm can decide to search
only for unemployed green workers or only for
unemployed red workers.'! If the firm searches
only for unemployed green workers and there
are pH; unemployed skilled green workers,'?
the process describing meetings of the firm and
unemployed green workers as a result of firm
search follows a Poisson process with rate
2AppgH. In this case, there are no meetings
between the firm and red workers generated by
firm search, though worker search may still lead
to meetings with reds. Restricting search to one
color has the effect of doubling the search in-
tensity on that color, since the firm is then
concentrating its search on half as many poten-
tially skilled workers (recall that there are equal
numbers of red and green workers), while re-
ducing the search intensity to zero on the other
color. In particular, we can think of a firm who
searches both colors of worker as facing two
Poisson processes, one generating meetings of
the firm and green workers at rate A zpH, and
one generating meetings of the firm and red
workers at rate A pppH, so that meetings of the
firm and all workers as a result of firm search
follow a Poisson process with rate AppHs +
ApprHr = AppyHy if pg = pr = py. Re-
stricting search to only green workers allows the
search efforts formerly dedicated to red workers
to be transferred to greens, giving a meeting rate
of A\ppHe + AppcHg = 2AppcHe. "

Unemployed skilled workers simultaneously
search for vacant firms with intensity Ay,. Since
we have assumed that the population of firms is
fixed at one, meetings generated by worker
search follow a Poisson process with rate A y,pp,
where p is the vacancy rate of firms.

Two types of tie can arise in the matching
process. The first is a firm (or worker) being
contacted by more than one worker (firm) at the

' Searching firms cannot distinguish previously em-
ployed workers from workers who have never been em-
ployed. Notice, however, that once the firm and worker
meet, the worker has no difficulty convincing the firm of her
skill, making employment history irrelevant for the equilib-
rium we construct.

12 We denote the size of the green (red) skilled-worker
population by H; (Hg) and the unemployment rate of green
(red) skilled workers by pg (pg)-

13 Note that if pgHz = psHg, then searching all work-
ers gives the same meetings rate as searching green workers.
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same time. The second is a worker contacting a
firm at the same time as that firm contacts a
worker. We ignore these ties when calculating
an agent’s value function, because the agent
assigns them zero probability. Moreover, we
assume that the measure of agents involved in
such ties is zero.

After an unemployed skilled worker and a
vacant firm make contact, they bargain. We
postulate a simple bargaining game: a fair coin
determines a proposer, who makes a take-it-or-
leave-it wage offer to the responder. In any
sequentially rational equilibrium, the proposer
will make an offer that leaves the responder
indifferent between accepting and rejecting, and
the offer will be accepted. A variety of more
complicated bargaining conventions suffice for
the result and might be more realistic. The es-
sential features of the bargaining process are
that each agent captures a share of the surplus
that is increasing in the agent’s expected value
of returning to the search process and decreas-
ing in his rival’s expected value of returning to
the search process.'*

We assume that an occupied firm cannot
abandon its current worker to bargain with a
new worker, nor can a worker abandon a firm to
seek a new one. This is a strong assumption in
the context of our simple bargaining model,
which implicitly requires high transactions
costs for dissolving an employment relation-
ship. For example, the worker may have won
the initial coin toss and proposed a wage that
extracts all the surplus from the firm, leaving
the firm anxious for a chance to dismiss the
current employee, if it can be done cheaply, and
bargain again with a new employee. This as-
sumption would be unnecessary in a more real-
istic bargaining process that allowed both the
firm and worker to capture sufficient surplus ex
post as well as ex ante.

14 The impact of outside options in infinite-horizon bar-
gaining depends upon whether the outside option is imple-
mented as result of exogenous breakdown, and or as a result
of a choice by a player (see Osborne and Rubinstein, 1990).
Our modelling is consistent with exogenous breakdown,
perhaps as a result of the bargainers being contacted by
other searchers. The rate of exogenous breakdown would
then occur at a rate that depended upon the number of
people searching in the market, introducing a new compli-
cation that we ignore.
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II. The Symmetric Steady-State Equilibrium

In this section we examine a symmetric,
steady-state equilibrium in which firms pay no
attention to workers’ colors. The equilibrium
unemployment rates of red and green workers
are identical. Any meeting between an unem-
ployed worker and a firm with a vacancy results
in the vacancy being filled.

Let Vy, denote the value of skills to a worker,
or equivalently, the value of entering the market
for skilled labor. Since a worker acquires skills
if & < Vy, the fraction of new workers who
become skilled is C(Vy,). Let Hy, denote the
size of the skilled workforce, or equivalently,
the proportion of workers who are skilled. In a
steady state, the size of the inflow of newly
skilled workers [given by the product of the rate
at which new workers appear, 8, and the pro-
portion, C(Vy), of new workers acquiring
skills] equals the size of the outflow of existing
skilled workers (given by 8Hy,, the product of
the death rate of workers and the size of the
skilled labor force), and hence we have the
skilled-worker steady-state condition:

(1) HW= C(VW).

In a steady state, the rate at which new vacan-
cies are created equals the rate at which they are
filled. New vacancies appear at the rate 28(1 —
pr), since 1 — pp of the firms are currently
occupied, and at rate 28 either a worker dies,
creating a vacancy at a previously occupied
firm, or an occupied firm dies and is replaced by
a new, vacant firm. Vacancies are filled as a
result of both firm and worker search. There are
pr firms vacant, and hence searching, generat-
ing meetings at the rate ppAgpyHy. At the
same time, there are py,Hy, workers searching,
generating additional meetings at the rate
pwHwA wpr. Adding these two sources of filled
vacancies, vacancies are filled at the rate
prPwHw(Ar + Ay). Thus, the vacancies
steady-state condition is

(2) 28(1 — pp) = prpwHw(Ar + Ay).

Flows into and out of unemployment also
balance in steady state. Newly unemployed
workers arrive at the rate 26H (1 — py,) [be-
cause there are Hy (1 — py) employed skilled
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workers, with worker and firm deaths adding
unemployed workers at the rate 28]. Since un-
employed workers find jobs at the same rate as
vacancies are filled, or ppwH w(Ap + Ay), we
have (dividing by Hy) the unemployment
steady-state condition:

(3) 28(1 — pw) = prow(Ap + Ay).

Let w be the expected flow payoff of an em-
ployed worker and Z,, the steady-state value of
an employed, skilled worker. To see how the
values of an employed and unemployed worker
are related, consider temporarily a discrete-time
model.'® Time intervals are of length T, with the
death probability, discount rate, and search in-
tensities given by 67, r7, and AT and AyT.
Consider first the recursive equation determin-
ing Zy,. An employed worker earns a flow pay-
off of wr in the current period, survives until
the next period with probability (1 — 87), and
then loses employment due to firm death with
probability &7, for an outcome whose present
value is Vy/(1 + r1), and retains employment
with complementary probability, for a present
value of Zy/(1 + r7). Thus,

Vi

Zy=wr+ (1 — 67)(57(1—_'_’_—7)

Zy
+ (1 - 87) Hm)

Turning to the equation for Vy,, an unemployed
worker survives to the next period with proba-
bility (1 — &7). If she survives, then with prob-
ability pp(Ar + Ay)7 she is matched with a
vacant firm and begins employment, for a
present value of Zy,/(1 + r7). With comple-
mentary probability, she is again unemployed,

for a present value of Vy/(1 + r7). Hence,
=(1-8 A Zv
w=(1— 871 PF( FT )‘W)Tmr_'r)

Vw
+ (1 = pr(Ap + Ay)T7) a1+ r'r))

!5 An alternative derivation of the value functions that
avoids the discrete approximation can be found in Mailath
et al. (1999).
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Solving the first equation for Zy, and then
taking the limit as 7 approaches zero gives an
expression that relates the continuous-time val-
ues of Zy, and Vi,

wr(l + r7) + (1 — 87)d7Vy,

Zy = lim 1+rr—(1—67)°

70

_w+8VW
T or+28

To interpret this equation, we note that the
employed worker’s value from her current job
can be calculated by discounting the flow of w
atrate r + 286, reflecting the discount rate » and
the death rates of both partners. The value Zy,
consists of this value plus the term 6V /(r +
28), capturing the expected present value of
being returned to the unemployed pool by sur-
viving a firm death.
Similarly,

(1 = 81)pr(Ap + Ay)TZy
(T+rm)— (1 =871 — pr(Ap+ Ay)T)

Vy = lim

70

_ pr(Ar+ Ay)Zy
T pr(Apt Ay) +r+ 8

Analogous calculations for the firms yield

[t 8Vy
Zr= F+ 28

and

V. = pwHy(Ap + Aw)Zp
o pwHy(Ap+ Ay) + 7+ 8°

where f is the expected flow payoff to an occu-
pied firm, Vj is the steady-state value of a
vacant firm, and Z is the steady-state value of
a firm currently employing a worker.

Rather than calculating the equilibrium values of
w and f, we use the observation that w + f = x, the
total flow surplus, to calculate the equilibrium values
of Vy, and V. directly. Letting S denote the surplus a
matched firm and worker divide, we have

x+8(Vy+V
S:ZW+ZF=‘___r(_—‘VV*‘~i)—.

Firms and workers bargain over the surplus S by
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making take-it-or-leave-it wage proposals with
equal probability. In equilibrium, any such pro-
posal makes the responding agent indifferent
between accepting the proposal and rejecting,
and so

@) Zy=3Vy+5(5 = Vy)
and
(5) Ze=3Ve+2(5—Vy).

Solving for Vy, and V,, we have the value
equations:

©6) Vy=

pr(Ap+ Ay)x
(r+ 3)[(Pf' + PWHW)()\F + Ay) + 2(r +28)1°

and
7 Vi=

pwHw(Ap + Ay)x
(r+ 3)[(pr + pwHw)(Ap + Ay) + 2(r + 28)]°

Finally, suppose that no worker acquires
skills, giving Hy, = 0. Then substituting Hy, =
0 and pr = 1 in (6) gives the value to a worker
who decides to become skilled when no other
worker acquires skills,

Vo = (Ap+ Ay)x
Y 8)Y(Ap + Ay + 2(r + 28))°

Note that V4, is an upper bound for V. We are
now in position to define a symmetric steady state.

Definition 1: A symmetric steady state is a
5-tuple of values (Hy, pg, Pw> Vw, V) satis-
fying the skilled-worker steady-state condition
(1), the vacancies steady-state condition (2), the
unemployment steady-state condition (3), and
the value equations (6) and (7).

Definition 2: A symmetric equilibrium is a

symmetric steady state in which every firm finds
it optimal to search both colors of worker.

If the opportunity cost of acquiring skills is
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too large, then the only symmetric steady state
is trivial, in that no worker becomes skilled. The
following proposition focuses attention on non-
trivial equilibria—some workers acquire skills
(Hy, > 0)—Dby assuming that there are some
workers with sufficiently low opportunity costs
of skill acquisition (C(V%) > 0). Search fric-
tions ensure that some (but not all) of these
workers are unemployed (py € (0, 1)).

At the other extreme, low opportunity costs
may lead all workers to become skilled. A suf-
ficient condition for at least some workers not to
acquire skills (Hy, < 1) is C(x/(r + 8)) = 1.
This ensures that there are some workers whose
opportunity cost of acquiring skills exceeds the
maximum possible payoff of x/(r + &), the
value of receiving the entire flow surplus x and
being immediately rematched with a new firm
upon firm death.’® An equilibrium is interior if
0 < Hy < 1. The proof of the following
proposition is in the Appendix, as are other
omitted proofs.

PROPOSITION 1: Every symmetric steady
state is a symmetric equilibrium. A symmetric
equilibrium exists and is unique. If C(V,) > 0,
then Hy, > 0 and py € (0, 1). If C(x/(r +
8)) = 1,then Hy < 1.

It is immediate that every symmetric steady
state is a symmetric equilibrium, since the two
colors of worker act, and so can be treated,
identically.

A basic asymmetry between firms and work-
ers is built into the model, because only workers
have the opportunity of opting out of the skilled
sector. This asymmetry is reflected in the equi-
librium (when it is interior), since skilled work-
ers are in short supply. Workers use this
imbalance to extract a larger share of the surplus
when bargaining with the firm, which in turn
gives workers a larger value of participating in
the market:

PROPOSITION 2: If the symmetric equilib-
rium is interior,

pr=> pw, Zp<Zy, and Vp<Vy.

16 While sufficient, this condition is not necessary for
interior symmetric equilibria. In later sections, we construct
interior symmetric equilibria for parameter values that vio-
late this condition.
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If firms must also make an investment to
participate in the skilled labor market, the asym-
metry between firms and workers reflected in
Proposition 2 would disappear.'” However, the
economic forces in which we are interested are
most conveniently displayed in a model which
ignores this complication.

Asymmetries between firms and workers in
the ability to search have no effect on equilib-
rium. The search intensities Ap and Ay, only
affect the equilibrium through their sum A =
Ap + Ay, while the distribution of search op-
portunities between firms and workers is irrel-
evant. As long as firms search both reds and
greens, it is thus immaterial whether contacts
are initiated by firms or by workers. Increasing
the sum A of the search intensities has the ex-
pected effects of increasing the rate at which an
unemployed worker encounters vacant firms
(prA) and the rate at which a vacant firm en-
counters unemployed workers (pyHyA). This
reduces the proportion of vacant firms and the
unemployment rate of workers, increasing the
value of acquiring skill and the proportion of
workers acquiring skill:

PROPOSITION 3: The symmetric equilibrium
is unchanged by variations in A and Ay, that
leave the sum A = A + Ay, unchanged. More-
over, if the equilibrium is interior,

d(prA) d(pwHw\)
T >0, —an >0
and hence
dpr dpy
E\* <0, -ﬁ* <0,
avy dHy,
—d‘)\— > 0, and W > 0.

Since firms are in fixed supply, it is intuitive
that an increase in the search intensity should
reduce the vacancy rate of firms (dpg/dA < 0).
In contrast, it initially appears as if the increased
search intensity, and the corresponding increase
in the value of a worker, could prompt a suffi-

17 Adrian M. Masters (1998) studies such a model, ex-
amining the inefficiencies due to bargaining and search.
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ciently large increase in the number of skilled
workers to raise the unemployment rate of
skilled workers. However, an increase in the
unemployment rate is inconsistent with the un-
employment steady-state condition (3).

The value of vacant firms is not monotoni-
cally increasing in aggregate search intensity A.
If the symmetric equilibrium is interior, so
Hy, < 1, there is an excess supply of firms. If
an increase in search intensity produces only a
modest increase in the supply of skilled work-
ers, the attendant increase in the workers’ value
may suffice to move the balance of bargaining
power sufficiently in favor of workers that firms
are worse off. In particular, V, = 0 when A =
0 and, when Hy, < 1, V. — 0 as A — o (since
workers capture all the surplus when matching
frictions disappear).

We now describe how the symmetric equi-
librium responds to supply-and-demand pres-
sures. Parameterize the distribution of
opportunity costs by fixing a distribution func-
tion K with support R and setting C(Vy,) =
K(Vy — Y). Anincrease in Y can be interpreted
as an increase in the attractiveness of the un-
skilled labor sector and hence a decrease in the
supply of skilled labor. The symmetric equilib-
rium is trivial for sufficiently large ¥ and is
interior otherwise. The following proposition
follows from a straightforward application of
the implicit function theorem, and its proof is
omitted.

PROPOSITION 4: Let the distribution of op-
portunity costs be given by K(V,, — Y). If the
symmetric equilibrium is interior (0 < H,, <
1), then dp/ldY = d(pyHy)/dY < 0, and
hence,

dpp de dVF

'zi—Y— >0, _d? <0, :17 <0,
dVvy dHy

0< W <1, and _d? < 0.

An increase in Y, by increasing the opportunity
cost of acquiring skills, reduces the quantity of
skilled labor supplied (dH,/dY < 0). As a
result, the vacancy rate of firms increases, while
the unemployment rate of workers decreases.
This shift in unemployment rates is accompa-
nied by a shift of bargaining power in favor of
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workers, and the wage increases. As a result, the
equilibrium value of a firm falls, while the equi-
librium value of a skilled worker must increase
to offset the higher opportunity cost of acquir-
ing skills.

In a frictionless world (Ay, Ap = ) in
which Hy, < 1, the value of a match between
a worker and a firm is x/(r + &) and workers
capture all of the surplus. There is no unem-
ployment, and hence no excess expenditure
on acquiring skills, and all workers for whom
a = x/(r + 08) enter the skilled sector. In our
model, time-consuming search and bargain-
ing lead to two distortions. First, there is
unemployment. The total expenditure on ac-
quiring skills, including the opportunity cost
of sacrificing participation in the unskilled
market, is thus inefficiently higher than would
be needed in a frictionless world to achieve
the realized volume of employment. Second,
too few workers acquire skill, both because
unemployment reduces the value of acquiring
skills and because costly bargaining prevents
workers from capturing the entire surplus
from a match.'®

Using the symmetric equilibrium as a foun-
dation, we can construct a host of asymmetric
equilibria. For example, we need only let half
the firms search exclusively for green workers
and half for reds to achieve an equilibrium in
which firms are completely segregated, but in
which aggregate outcomes and payoffs dupli-
cate those of the symmetric equilibrium. In
this case, the various colors of worker receive
separate but equal treatment. The following
section considers asymmetric equilibria
in which separate treatment is inherently
unequal.

'® Because an increase in the search intensity can de-
crease V., reducing search frictions need not lead to Pareto-
superior outcomes. However, an increase in search intensity
must increase total economic surplus, net of opportunity
costs, generated by the market. In particular, an increased
search intensity reduces the expected length of an unem-
ployment spell for existing workers, increasing the surplus
generated by each such worker (with no new opportunity
costs incurred). New workers are attracted into the market
only if the value of entry exceeds their opportunity cost,
which in turn implies that the value of the additional surplus
they create must exceed their opportunity cost, since they do
not capture all of this surplus.
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III. Asymmetric Steady States

We turn now to the study of asymmetric
equilibria in which firms search only green
workers. There is clearly nothing special about
greens here, and an analogous equilibrium ex-
ists in which firms search only for reds.

Consider first a market in which all workers
automatically enter the skilled sector and in
which every meeting between a firm and worker
results in employment of the worker at an ex-
ogenously fixed wage. Suppose moreover that
firms search only for green workers. Then there
will be more unemployed reds than greens, be-
cause reds acquire employment only as a result
of their own search, while greens acquire em-
ployment either as a result of their own search
or firm search. As a result, firms earn a higher
payoff from seeking reds than greens, and firm
behavior cannot be sustained in an equilibrium.

In our model, two additional forces appear.
First, wages are determined endogenously. If
firms search only greens, then red workers are
in a relatively weak bargaining position and so
earn a lower wage than greens. This makes it
even less likely that firms will find it optimal to
search only for greens. However, fewer reds
may acquire skills, making reds less attractive
because it is harder to find a skilled red, and
reinforcing the decision to search only for
greens. The question is then whether the market
wage for reds can fall enough to disrupt an
asymmetric equilibrium by making it optimal
for firms to search reds, or whether the lower
wages will be overwhelmed by a sufficiently
large adjustment in the number of workers
acquiring skills as to make searching reds
suboptimal.

We break our study of the asymmetric equi-
librium into three parts. This section defines and
characterizes the steady state induced by asym-
metric firm behavior. Section IV investigates
the optimality of asymmetric search and hence
the existence of an asymmetric equilibrium.
Section V explores some implications of asym-
metric equilibria. The notation follows that of
the symmetric case, but with the single sub-
script “W” for workers now replaced by “R”
and “G,” for red and green workers.

The equilibrium conditions are analogous to
those of the symmetric case, with two excep-
tions. First, in equilibrium, firms must find it
optimal to only search greens. Second, if there
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are unemployed skilled red workers, then some
vacant firms will meet them as a result of
worker search, and we must specify a firm’s
reaction to such a meeting. The steady-state
conditions are derived under the presumption
that a vacant firm reaches an agreement with
any unemployed skilled red worker it happens
to meet. We then confirm that in the steady
state, vacant firms strictly prefer to reach such
an agreement rather than remaining vacant
(Proposition 6).

The inflows of new skilled workers are given
by 8C(Vs)/2 for greens and 8C(Vg)/2 for
reds, since half of the workers are green and
half are red. In a steady-state equilibrium, these
inflows match the outflows of skilled workers
caused by death (given by 8H and 6Hpy), so
the green- and red-skilled-worker steady-state
conditions are

(8) HG = C(VG)/2
and
) Hyp = C(Vg)/2.

The vacancies steady-state condition is:
(10) 28(1 — pr) = 2prApHgpe
+ (pHg+ prHp)Awpr-

This again reflects a balancing of the rate at
which deaths create firm vacancies, given by
(1 — pr)23, and the rate at which vacancies are
filled. The first term on the right side captures
the rate at which vacancies are filled as a result
of firm search, since there are pj firms search-
ing and each firm is generating meetings at rate
2AppcHg (given a green unemployed skilled-
worker population of size p;H;). The second
term captures the effect of worker search. These
terms are asymmetric because firms search only
green workers while both types of workers
search for firms.

The green and red unemployed steady-state
conditions are given by:

(1) 28(1 = pg) = popr(Aw + 215)

and

(12) 28(1 — pr) = prPrAw-
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These are analogous to the unemployment rate
for the symmetric equilibrium, given by (3),
with the exceptions that red workers find em-
ployment only as a result of their own search,
and the entire unit measure of firms is searching
the half-unit measure of green workers, giving a
firm search intensity of 2A.

Analogously to the symmetric case, the var-
ious value functions are (where, for example,
wp is the expected wage of a red skilled worker
and Zr.  is the value of the firm when currently
matched with a red worker):

_wet 8V Z_WG-I-SVG

RTOr 4280 °T r+28

_fet+ 8V _fot 8Ve

e L T
Vo = PrAwZy

R—pphw+r+8’

V.= prQ2Ar + Ay)Zg
G prAr+ Ay) + P+ 8

and

V. = (2Ap + )\W)PGHGZF,G + AwprHrZp g
P QA+ Ay)pcHg + AwprH + 1 + 87

The surpluses of the different matches are
given by

x+ 8(Vg + Vy)
Se=Zpt Zrn="""155

and

x+86(Ve+V
SG=ZG+ZF,G:—("£"_”F—)’

r+ 286
Finally, bargaining gives
Ve (SR - VF)
I T
_ X (r + 38)VR - (}’ + S)Vp
=2 +29) F 2(r ¥ 28) ’
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VG (SG - VF)
Za=op v
B x (r+38)Vs—(r+ 8)Ve
- 2(r + 29) 2(r + 28) ’
\4 (Sz — Vi)
Zou= e Bt
_ X
T 2(r + 286)
(r+38)Vy— (r+ 6)Vq
2(r + 28) ’
and
Vv (SG - VG)
o= gt g
_ X
~2(r+29)

(r+38)Ve—(r+ 8)Vg
2(r + 29)

Some tedious algebra allows us to solve for
the value functions:'’

X
13) Vp= (773)7[ [(2)\1«" + Aw)priw
X (pcHg + pRHR)
+ 2(r + 28){(2AF + AW)pGHG
+ /\WPRHR}],
(14)

V. = prAw(pr(2Ap + Ay) + 2(r + 28))x
R (r + 8)A ’

19 The details can be found in Mailath et al. (1999).
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and
(15)
_ Pr(2Ar + Ay)(pphy + 2(r +28))x
G (r+ 8)A ’

where A = 2(r + 28){(2Ap + Ay)(pp +
pcHg) + Aylpr + prHp) + 2(r + 20)} +
PrAw(2Ap + Ay)(pp + prHr + pcHog).

Definition 3: A green asymmetric steady state
is a 8-tuple (Hg, pg, Vi, Hg, Prs Vs Py Vi)
solving the balance equations (8)—(12) and the
value functions (13)—(15).

As before, the green asymmetric steady
state is nontrivial if some workers acquire
skills, and nontriviality requires the existence
of some workers with low opportunity costs
of skill acquisition. The Appendix uses a
fixed-point argument to establish the follow-
ing proposition.

PROPOSITION 5: There exists a green asym-
metric steady state. If C(Vy) > 0, every green
asymmetric steady state is nontrivial.

We have not asserted the uniqueness of a
green asymmetric steady state. Exploiting the
recursive nature of the steady-state conditions,
we can use (10)—(12) to show that for any fixed
worker entry rates H and Hp, there is a unique
set of vacancy and unemployment rates. How-
ever, there may be multiple green asymmetric
steady states, characterized by different entry
rates Hg; and Hp.

The following proposition characterizes the
different treatment received by red and green
workers in an asymmetric steady state.

PROPOSITION 6. In a nontrivial green asym-
metric steady state, some green workers acquire
skills (Hg > 0), and

Hp < Hg, Zrr > Zpg,

Zpr> Vi, Wwr < wg, fr>fe>

and Pr > Pq-
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In a green asymmetric equilibrium, red
workers face a less attractive value of enter-
ing the market than do green workers (V, <
V), and so if any workers acquire skills, then
some green workers do (Hg; > 0), while
fewer red than green workers acquire skills
(Hg < Hg). Red workers are thus at a dis-
advantage when bargaining with firms. Firms
exploit this weaker position to extract a larger
share of the surplus from red workers. As a
result, average red-worker wages fall short of
green-worker wages (wp < wg), while the
firm receives a larger portion of the flow
surplus from a red worker (fz > f;). Given
this wage difference, a vacant firm given a
choice between a red worker and a green
worker would strictly prefer a red worker
(Zr g > Zr ), and a vacant firm prefers to
enter an employment relationship with a red
worker rather than continue searching
(Zp g > Vg). Our assumption that the firm
would hire any red workers it meets, used to
calculate the steady state, is thus consistent
with optimal behavior. At the same time,
since reds are not being searched by firms, the
unemployment rate is higher for reds than
greens (pr > pg). In conventional terms,
reds thus suffer lower wages, lower labor-
force participation rates, and higher unem-
ployment rates. Finally, notice that
Proposition 6 does not rule out H = 0, and
we will construct nontrivial asymmetric
steady states in which no reds acquire skills.

IV. Asymmetric Equilibria

In the symmetric case, red and green workers
achieve identical outcomes, making the firm in-
different between the two colors of worker and
ensuring that the firm’s decision to treat red and
green workers identically is automatically opti-
mal. In contrast, (green) asymmetric equilibria
involve an additional consideration beyond the
steady-state conditions: it must be optimal for the
firm to search only green workers.

Instead of searching only green workers, the
firm has the option of either searching only red
workers or searching both types of workers.
Searching only greens is optimal if

(16)  Vp= max{V(R|G), V+(W|G)},
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where VL(R|G) (Va(W|G)) is the value of a
firm searching red (all) workers in a steady state
in which all other firms are searching green
workers. Hence,

Ve (RIG)

- AwpcHgZpc + 2Ar + /\W)pRHRZF,R
CAwpeHg + 2Ap + Ay)prHg +r+ 8

and
Vi (W|G)

_ (Aw + /\F)(pGHGZF,G + PRHRZF,R)
()\W + )\F)(pGHG + pRHR) +r+ 6

Definition 4: A green asymmetric equilibrium
is a green asymmetric steady state satisfying
(16).

Direct manipulation of the firm-search opti-
mality condition V, = V.(R|G) allows us to
identify an essential feature of asymmetric equi-
libria, yielding (proof omitted) the following
proposition.

PROPOSITION 7: In all nontrivial green
asymmeltric equilibria,

prHr < pcHg.

Since vacant firms in a green asymmetric equi-
librium prefer to hire reds, conditional on meet-
ing a skilled worker, a vacant firm would direct
search at reds if red and green workers were
equally easy to find. An equilibrium in which
firms do not seek red workers can then only be
supported if there are more unemployed skilled
green workers than red workers, giving ppHz <
pcHg-

We have already seen that skilled red workers
in a green asymmetric steady state must have a
higher unemployment rate than green workers.
This is consistent with the paucity of skilled red
workers, required for the optimality of asym-
metric search, only if sufficiently few red work-
ers acquire skills. The existence of a green
asymmetric equilibrium thus requires a suffi-
ciently vigorous supply response on the part of
workers. In particular, an asymmetric steady
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state in which H; = Hy cannot be a nontrivial
green asymmetric equilibrium, and a green
asymmetric equilibrium is inconsistent with a
degenerate opportunity cost distribution that
fixes skilled acquisition rates so that there is no
supply response (H; = Hpy).

When does an asymmetric equilibrium exist?
In addition to sufficiently responsive worker
supply decisions, the relative sizes of the search
intensities Ay, and A, are now important. This
represents a departure from the symmetric equi-
librium, where only the sum Ay, + A mattered.
A nontrivial green asymmetric equilibrium re-
quires that there be at least some firm search, or
Ap > 0. The conditions for the existence of an
asymmetric equilibrium involve the interplay
between the relative sizes of A, and Ay, and the
worker supply responses induced by the oppor-
tunity cost distribution C, with larger values of
Ap allowing asymmetric equilibria to exist un-
der weaker assumptions on C. It is convenient
to vary Ay and Ay, while preserving the sum
A= Ap + Ay

We begin with the result that asymmetric
equilibria exist when A is large.

PROPOSITION 8: Fix A = Ap + Ay and
suppose C(V,) > 0. There exists Nz < \ such
that a nontrivial asymmetric equilibrium exists
Jor all Ap € (A%, Al

If virtually all contacts between firms and work-
ers arise as a result of firm search, then a deci-
sion on the part of firms to search only green
workers imposes an insurmountable obstacle to
red workers. Red skilled workers face such lim-
ited employment prospects that red workers
overwhelmingly opt into the unskilled sector of
the economy. Since it is much more likely that
a firm will be successful in finding an unem-
ployed green skilled worker than an unem-
ployed red one, firms optimally search only
greens. The requirement C(V9,) > 0 rules out
the possibility that no green worker finds it
optimal to acquire skills even when firms are
searching only greens.

It is not surprising that asymmetric equilibria
exist if firm search is sufficiently more impor-
tant than worker search. The more important
observation is that if the distribution of the cost
of acquiring skills tends to concentrate its mass
near the value of being a skilled worker, then
worker supply responses will be large and
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FIGURE 1. EXTREME ASYMMETRIC VALUE FUNCTIONS

Notes: The position of Vy, is determined by the fraction of
skilled workers in the symmetric equilibrium. It is possible
that Vy, < V(0).

asymmetric equilibria can exist even for small
values of Ap. Fix total search intensity A =
Aw + Az Denote by V;(Ap) and Vi(Ay) the
values of acquiring skills, to a green and a red
worker (respectively), in a hypothetical asym-
metric steady state in which the firms’ search
intensity is A, all green workers acquire skills
(Hg; = '2), and no red workers do (H, = 0).
We refer to such a steady state as an extreme
(green) steady state. Since Ap € [0, A], Ve
Vg: [0, Al = R ... A lengthy algebraic manip-
ulation yields:*°

dVs (A P

dVe(\r)
dn — <0

an A,

and
These extreme asymmetric value functions are
illustrated in Figure 1. Under the maintained
assumption that all green workers enter and no
red workers enter, the asymmetric steady state
in which firms search only greens is equivalent
to a symmetric equilibrium in which the total
number of workers is V2 (= Hg) and in which
all of the workers necessarily enter. Increasing
Az while holding the total of Az + Ay, constant
at A has the effect of increasing the effective
search rate, given by 2\, + Ay, But increasing
the search rate in a symmetric equilibrium in-
creases the value of workers, ensuring that
VG()\ ) 1s increasing in Ap. To ascertain the

20 Again, see Mailath et al. (1999).
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behavior of Vx(A), notice that p,. decreases as
A increases, meaning that a red worker who
did acquire skills would find it more difficult to
find a vacant firm, which tends to decrease the
value V4(A,). An increase in A, may also de-
crease Vj, decreasing the firm’s bargaining
power and tending to increase V(A ), but this
force is overwhelmed by the decrease in pp,
ensuring that Vz(\) decreases.

Note that when A = 0, all contacts between
firms and workers come about as a result of
worker search. It is then irrelevant whether
firms search reds or greens, and red and green
workers face identical environments and oppor-
tunities, giving V;(0) = V4(0).

Figure 1 also displays the function Vy,(Ag),
showing the value of acquiring skills in a
symmetric equilibrium. Since we have fixed
A = Ap + Ay, this function is constant in A g
(Proposition 3). The relative positions of the
curves Vy, Vg, and Vg depend upon the
number of workers who acquire skills in the
symmetric equilibrium. If Hy, = V2, then
Vi = Va(0) = Vg(0) (note that when A, =
0, so that only workers search, an asymmetric
steady state in which all greens but no reds
acquire skills—Hgs = Y2, Hy = 0—gives
precisely the same outcome as a symmetric
steady state in which half of the workers
acquire skills—Hy, = V2). From Proposition
4, we then know that if more than half of the
workers acquire skills in the symmetric equi-
librium, then the value of worker skills will
be lower, giving Vi, < V5(0) = Vg(0). If
less than half of the workers acquire skill in
the symmetric equ111br1um then V, >
Vs(0) = Vx(0), as shown in Figure 1.

We now examine the interplay between the
importance of firm search, indicated by A, and
the distribution of skill costs. Suppose Vy, is the
value of skills in the unique symmetric equilib-
rium when the cost distribution is C. Then, for
any cost distribution C, satisfying C,(Vy) =
C(Vy), Vy is also the value of skills in the
unique symmetric equilibrium when the cost
distribution is C;.

PROPOSITION 9: Fix a cost distribution C
and an aggregate search intensity A = Ap +
Aw. Suppose there exists Ap such that
Ve(Ap) > Vy > Vie(Ap), where Vy, is the
value of skills in the unique symmetric equilib-
rium given C. Then, for all A\, = Ap, there
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FIGURE 2. EXISTENCE OF EXTREME GREEN ASYMMETRIC
EQUILIBRIA

Notes: Vy, is the symmetric value function for the distribu-
tion C, (but not for C,). There is an extreme equilibrium
when the cost distribution is C; and Az = A%, and also
when the distribution is C, and Ap = A%

exists C, such that C{(Vy,) = C(Vy,) (so that
Vw is the value of skills in the symmetric equi-
librium for C,) and such that a nontrivial asym-
metric equilibrium exists for the pair (Ag, Cy).

Figure 2 illustrates the construction used in the
proof: letting A = A, we can find a cost
distribution, such as C;, with a sufficiently
small support so that, under the hypothesized
behavior in the extreme steady state, the value
to a green worker acquiring skills satisfies
C(V4(Ap)) = 1, and the value to a red worker
acquiring skills satisfies C,(V(A,)) = 0. This
ensures that the hypothesized behavior of work-
ers is optimal in the extreme steady state. It is
then optimal for the firm to search only greens,
giving an asymmetric equilibrium. More gener-
ally, the key to existence of an asymmetric
equilibrium is that workers’ decisions of
whether to acquire skills are sufficiently sensi-
tive to changes in the value of skills. If they are,
then the increase in the value of skills to greens
and the decrease in the value of skills to reds,
caused by firms searching only greens rather
than all workers, will prompt enough greens to
acquire skills and enough reds to forgo skills as
to make it optimal for the firm to search only
greens. In the proof of Proposition 9, we have
found it convenient to force such a dramatic

MARCH 2000

worker response as to cause all greens and no
reds to acquire skills, but this extreme case is
unnecessary. Reds need not be excluded from
the skilled labor market, nor must all greens be
included, as long as the supply response to
firms’ decisions to search only greens is suffi-
ciently large.

While Proposition 9 potentially yields exis-
tence for smaller values of A, than does Prop-
osition 8, it does not apply to very small values
of Ap if Hy, # /2, since the cost function C,
must yield a symmetric equilibrium with
worker value Vy,. The same argument, how-
ever, immediately yields asymmetric equilibria
for any value of A.

PROPOSITION 10: For any Ar. € (0, A] and
V € (Vr(Ag), Vs(Ap)), there exists a non-
trivial asymmetric equilibrium for any cost dis-
tribution sufficiently concentrated around V.

This is illustrated in Figure 2, where we take
Ar = A'r and the cost distribution C,. Note that
Vi is not the worker value in the symmetric
equilibrium for C,.

The key to the existence of an asymmetric
equilibrium is thus not that firm search is very
important, but rather that by deciding to search
only green workers, firms can prompt suffi-
ciently large adjustments in worker skill deci-
sions to justify this decision. This can occur
even for very small A, > 0 if the cost of
acquiring skills is likely to be near the benefits
of being skilled.

Proposition 8 establishes conditions under
which a nontrivial asymmetric equilibrium co-
exists with a nontrivial symmetric one. We
could obtain alternative sufficient conditions for
such coexistence by adding the condition
C(V%,) > 0 to Proposition 9. However, Prop-
ositions 9 and 10 leave open the possibility that
a nontrivial asymmetric equilibrium may exist
in an economy which allows only trivial sym-
metric equilibria. The next proposition gives
parameter restrictions for which nontrivial
green asymmetric equilibria exist while the
symmetric equilibrium is trivial.

PROPOSITION 11: Fix k > 0. For sufficiently
low search intensities satisfying Ay, = KAp, there
are opportunity cost distributions for which the
nontrivial green asymmetric equilibrium exists
and the symmetric equilibrium is trivial.
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The smaller is k, and hence the greater is the
relative importance of firm search, the larger is
the range of total search intensities Ay, + Ap
consistent with this result.

An asymmetric equilibrium increases the value
of acquiring skills for the advantaged group. Prop-
osition 11 shows that if the opportunity cost of
becoming skilled is relatively high, then the sym-
metric equilibrium may be trivial, but some work-
ers may be willing to acquire skills in order to
attain the higher returns provided by an asymmet-
ric equilibrium. An asymmetric equilibrium is
then necessary in order to induce any workers to
acquire skills: the skilled labor market opens only
if it is discriminatory.

We conclude this section with two examples
that illustrate the role of group size in the exis-
tence of asymmetric equilibria. Let N; and Ng
be the sizes of the green and red worker pools,
where N; + N = 1. Section VI discusses the
appropriate specification for firm search inten-
sity when a particular group is targeted and the
groups are of different sizes. One natural spec-
ification, followed here, is that targeting green
workers yields a meeting rate of [(N; + Ng)/
NgIAp = A/Ng = Ag, while targeting red
workers yields a meeting rate of [(Ng; + Ng)/
NglAp = Ap/Np = AE. When the two groups
are of equal size, targeting a group doubles the
search intensity, as we have assumed.

We begin with an example in which an asym-
metric equilibrium exists only if the target of
discrimination is a sufficiently large majority.

Example 1: To simplify the calculations, we
assume that Ay = A, so that all search is firm
search, and that C(0) = 0. Then in any asym-
metric green steady state, only green workers
can be skilled. The value to a green worker in a
green asymmetric steady state is given by [from

(15)]
VG()\FS NG)

B PrAGx
C(r+ O)[(pr + peNG)AE + 2(r +28)]°

where V;(A, N) contains the argument N; to
identify the composition of the labor force.
Since Ay, = 0, it is straightforward to verify
VeAp, Ng) > V9 > 0 = Vi(Ap Ng).
Suppose now that C(V3) = 0, so that the
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symmetric equilibrium is trivial, and let the
distribution C concentrate all its mass on a
value ¢* > C(V9,). Then a green asymmetric
equilibrium will exist only if V;(Ap, Ng) =
c*. Now notice that V;(A., N;;) is decreasing
in Ng. As a result, a green asymmetric equilib-
rium will exist only if Vi(Ap, Ng) is suffi-
ciently large, and hence only if N is
sufficiently small.?! In this market, workers
have attractive outside options, and the market
for skilled labor may be unable to provide a
sufficiently large payoff to attract any workers.
As a result, there is no nontrivial symmetric
equilibrium. Asymmetry, by allowing firms to
concentrate their search only on green workers,
increases green-worker payoffs, potentially at-
tracting green workers into the market. The
value of the asymmetry to green workers is
larger when there are fewer green workers,
making firm search more concentrated and
hence more effective. As a result, a green (or
red) asymmetric equilibrium may fail to exist
when the groups are of approximately equal
size, but may exist when there is a sufficiently
small group of greens who can be made the
beneficiaries of discrimination.

There are two potential obstacles to the exis-
tence of an asymmetric equilibrium, one involv-
ing the generation of sufficiently high worker
values to attract workers in the market, and the
other involving the optimality of the firm’s
asymmetric search strategy. The latter can give
rise to considerations that make an asymmetric
equilibrium more likely to exist when the mi-
nority group bears the brunt of discrimination.
We now illustrate this.

Example 2: Let V}, be the worker value from
acquiring skills when all workers become
skilled. For simplicity, suppose the support of
the opportunity cost distribution consists of two
points, 0 and ¢, with C(0) = vy. Suppose more-
over that ¢ < V{,V. If Ay > 0, then at least a
fraction y of each worker color group will ac-
quire skills in any equilibrium. Moreover, the
symmetric equilibrium is nontrivial with all

2! This example shares with Proposition 11 the property
that the symmetric equilibrium is trivial while skill acqui-
sition occurs in the asymmetric equilibrium. Proposition 11
differs in not requiring all search to be conducted by firms,
while examining only equal-sized worker groups.
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workers becoming skilled. Finally, if the value
of acquiring skills for a red worker in an asym-
metric equilibrium is less than ¢, then precisely
a fraction vy of red workers will acquire skill.

We now argue that for Ay, and Ny small, so that
firm search is relatively important and there are
few red workers, there is a green asymmetric
equilibrium, but no red asymmetric equilibrium
exists. Consider first the existence of the green
asymmetric equilibrium. For any vy, with vacant
firms searching green workers, the green-worker
value exceeds Vyy, and so all green workers be-
come skilled. Since red workers are not being
searched by firms, red-worker value can be made
less than ¢ by setting Ay, sufficiently small. Then
only a fraction -y of red workers acquire skills, and
so the pool of unemployed red skilled workers
prHy is bounded above by yNg. It remains to
verify that firms find it optimal to search greens
only. The meeting rate for a firm searching green
workers is Agp;H; while the meeting rate for a
firm searching red workers is ARpH. Now, as Ny
becomes small, AY approaches A, while AR is
unbounded. However, ARp.H} is bounded above
by 2Az7, and so by choosing vy small, the meeting
rate from searching reds (relative to that from
searching greens) can be made sufficiently small
that it is not profitable for firms to search reds.
Note that the bound on v is independent of N.

We now argue that no red asymmetric equi-
librium exists. Note first that in a red asymmet-
ric steady state, a fraction y of green workers
are skilled, and since Ay, is small, p; is close to
one. Thus the unemployed green-skilled-worker
population is approximately of size yN,. By
choosing Ny, sufficiently small, AX can be made
arbitrarily large and so the unemployment rate
of red skilled workers can be made arbitrarily
small.?? Thus, for sufficiently small Ny, a va-
cant firm has a sufficiently higher meeting rate
from searching greens rather than reds and so
there is no red asymmetric equilibrium.

Example 2 captures the sense in which small
groups are likely to be the target of discrimina-
tion. The constraint on the existence of an
asymmetric equilibrium is that the firm may
find it optimal to search for red, disadvantaged
workers. Because they are victims of discrimi-

22 The red unemployed steady-state condition is 28(1 —
p)lpr = prhy + AB) [cf, (11)].
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nation, skilled red workers face higher unem-
ployment rates and secure lower wages than do
green workers. Both characteristics make red
workers attractive targets for firms. The coun-
tervailing force is that fewer red workers ac-
quire skills, making skilled red workers harder
to find. The firm will neglect red workers only if
they are scarce enough to be unprofitable search
targets, and this will be the case if and only if
the pool of red workers is sufficiently small.
How small is “sufficiently small” depends upon
the characteristics of the market. Propositions
8-10 identify cases in which asymmetric equi-
libria exist with red- and green-worker pools of
equal size. However, it is clear from Example 2
that there are other cases in which asymmetric
outcomes exist only if the target of discrimina-
tion is a sufficiently small group.

V. The Welfare Implications of Discrimination

In the green asymmetric equilibria con-
structed in the previous section, green workers
fare better than in the symmetric equilibrium,
while red workers fare worse (i.e., Vg > Vy, >
V). This is the expected result that by discrim-
inating in favor of greens when searching for
workers, firms make green workers better off
and red workers worse off. Is this a character-
istic of all green asymmetric equilibria? We first
present two examples showing that these equal-
ities may hold only weakly. In both examples,
we find that discrimination need not harm red
workers, while the second example shows that
discrimination may allow a weak Pareto im-
provement in worker payoffs. We assume
throughout that red and green workers each
comprise half of the population.

Example 3: Consider a symmetric equilibrium
giving the value V, illustrated in Figure 3. No-
tice that Hy < 1A, since Vi, > Vs(0) =
Vx(0). Now fix A, such that Vg(Ap) > Vy,.
Then if C(Vg(Ap) = 1 and C(Vg(Ay) = 0,
there exists an asymmetric equilibrium in which
Hy; = V2 and Hp, = 0. But as A, declines
toward the value A% at which Vo(A%) = V,,
Vs declines to Vy, as V, remains well below
V- In the limit, we have an equilibrium corre-
sponding to A%, supported by a cost distribution
that places all of its mass on the value a = Vy,,
for which V5(A\%) = Vy, and Vi(A %) < Vy,.
This demonstrates that being the targets of pref-
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FIGURE 3. THE EQUILIBRIUM OF EXAMPLE 3

Note: If the cost distribution is sufficiently concentrated
around Vy, and A is sufficiently close to (but larger than)
A%, then all workers are almost indifferent between the
extreme green asymmetric equilibrium and the symmetric
equilibrium.

erable search activity need not make greens
better off (or at least, for nontrivial cost distri-
bution, need not make greens very much better
off). At the same time, reds do not suffer any
payoff losses from discrimination in the limit-
ing equilibrium corresponding to A%. The value
of skills to a skilled red worker falls precipi-
tously when firms search only greens, and reds
accordingly opt out of the skilled labor market,
but the opportunity cost of « = Vy, ensures that
they suffer no payoff loss in doing so.

Example 4: Consider a symmetric equilibrium
giving the value Vy, illustrated in Figure 4. No-
tice that Hy, > Y2, since Vy, < V;(0) =
Vx(0). Now fix A, such that Ve(Ap) < Vy.
Then if C(Vgy(Ag)) = 1 and C(Vg(Ap) = 0,
there again exists an asymmetric equilibrium in
which H; = %2 and H, = 0. But as Ap
declines toward the value A% at which
V(M%) = Vy,, Vg increases to Vy, as Vg
remains well above Vy,. In the limit, we have an
equilibrium for A% featuring a cost distribution
that places all of its mass on the value o = Vy,
and featuring V4(A%) = Vy, while V(%) >
Vw- This demonstrates that having firms ignore
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FIGURE 4. THE EQUILIBRIUM OF EXAMPLE 4

Note: If the cost distribution is sufficiently concentrated
around Vy, and Ay is sufficiently close to (but larger than)
A%, then red workers are almost indifferent between the
extreme green asymmetric equilibrium and the symmetric
equilibrium, while green workers strictly prefer the asym-
metric equilibrium.

reds to search only greens need not make reds
worse off (or at least, for nontrivial cost distri-
bution, need not make reds very much worse
off). Reds opt out of the skilled labor market
when firms search only greens, but the value of
skills to a red worker has not fallen and the
opportunity cost of &« = Vy, ensures that they
suffer no payoff loss from declining to become
skilled. In this case, however, green workers
gain significantly from being the targets of firm
search, so that the discriminatory search pro-
duces a weak Pareto improvement in worker
payoffs.

In general, asymmetric equilibria can yield
much lower utility levels for red workers than
does the symmetric equilibrium. In the equilib-
rium illustrated in Figure 2, for example, all the
red workers who choose to become skilled in the
symmetric equilibrium, except for the marginal
red worker (for whom a = V), strictly prefer the
symmetric equilibrium to the green asymmetric
equilibrium. However, the possibility remains that
total welfare is always higher in the asymmetric
rather than symmetric equilibrium, in the sense
that the gains to green workers and (possibly)
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firms outweigh the losses to red workers.”> The
next example shows that this need not be the case.

Example 5: Let A = A, so that all search is
conducted by firms. Let the cost distribution C
put a mass of % on V(A) and a mass of /2 on
Vi(Ar) = 0. In the symmetric equilibrium, half
of the workers, equally divided between reds
and greens, enter and Vy, = VG(O) = VR(O).
We consider an asymmetric equilibrium in
which all of the green and none of the red
workers enter, so that we again have half of the
workers entering. We use a hat to denote values
from the asymmetric equilibrium and suppress
the argument A. To compute the change in wel-
fare in moving from the symmetric to asymmet-
ric equilibrium, note that (i) Y4 of the workers
have gained V,; — Vy, (these are the greens
who acquired skills in the symmetric equilib-
rium and now receive V; rather than V), (ii)
V4 of the workers have lost Vy, (these are the red
workers who acquired skills in the symmetric
equilibrium, and must now take their outside
option of zero), and (iii) firms have gained
V. — Vg, which may be positive or negative.
The remaining workers, whose opportunity cost
of skills is given by V, experience no change
in payoff when moving to the asymmetric equi-
librium, either because they still do not enter the
market (red workers) or they enter to obtain a
payoff of V (green workers).

We are thus interested in the circumstances
under which

%(Vc_ V) “%Vw*' VF‘ V<0,

and hence the asymmetric equilibrium entails a
welfare loss. Rearranging, this is

AV, + Ve <AV, +2V,.

Noting that half of the workers acquire skills in

23 Norman (1998) identifies other cases in which dis-
crimination can be efficient. He examines a model of sta-
tistical discrimination in which workers must be assigned to
either a simple or a complex job, with only workers who
have acquired skills being able to perform the complex task.
Statistical discrimination distorts skill-acquisition decisions,
but can improve the assignment of workers to tasks by
allowing the firm to concentrate on the preferred, more
skilled group in assignments to the complex task. The latter
force may overwhelm the former, causing discrimination to
be efficient.
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both the symmetric and asymmetric equilibria,
and that the value functions for an extreme
asymmetric equilibrium match those of the
symmetric equilibrium (replacing A by 2Ag),
we can use (6)—(7) to obtain the equivalent
inequality:

(2p6 + Pr)2Apx
(r + )(pr + Pop)2As + 2(r + 28)]

(pw + Pr)2Apx

<< .
(r + 8)[(PF + pW%)AF + 2(r + 29)]

That is,

08 [(pr+ 5 56)2Ap + 2(r + 28)1(pw + pr)
18 > 1
[(pr + 3 pw)Ar + 2(r + 28)1(2p6 + i)

Now consider large values of Ay, = A. As Ap
(and hence A) increases, both p and py, ap-
proach zero while p and p; approach %4. This
is the statement that, if search opportunities
arise very rapidly, then virtually all of the work-
ers will be employed, and hence nearly half of
the firms will be employed. But this in turn
ensures that the limit of the left side of (18), as
Ay approaches infinity, is 2. The asymmetric
equilibrium thus yields a strict efficiency loss,
in the sense that increased payoffs to green
workers and firms are insufficient to overcome
red-worker losses.

It is intuitive that asymmetric equilibria
should involve welfare losses when A is large.
The benefit of an asymmetric equilibrium is
that search becomes more effective because
the fixed pool of firms can concentrate its
search efforts on a smaller pool of workers.
The cost of asymmetry is that the value of
acquiring skills decreases for a red worker,
because red-worker opportunities to meet
firms are restricted, and some red workers
accordingly opt into the unskilled sector.
When A is close to A and A in turn is large,
the costs of the asymmetric equilibrium are
large (because red-worker meeting opportuni-
ties are severely restricted and hence many
red workers are pushed out of the skilled
sector) and the benefits are small (because
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search is already quite efficient, leaving small
gains to be captured by more efficient search).

All our examples have had the property that green
workers prefer the green asymmetric equilibrium to
the symmetric equilibrium, while red workers at least
weakly prefer the symmetric equilibrium. Is this al-
ways the case? This is easily shown to be the case if
Ar = A, but we are interested in a more general
result. In a model in which it is simply assumed that
each party receives a fixed share of any flow surplus,
the answer is also easily shown to be yes. Our non-
trivial bargaining procedure, however, complicates
things dramatically. When firms search only for
green workers, the unemployment rate of green
workers falls while that of firms rises (as expected).
Green workers thus find matches with vacant firms
more quickly, increasing their values, and firms find
it harder to find unemployed workers, decreasing
their bargaining power and again increasing the
value of a green worker. However, red workers find
it much harder to find vacant firms, since no firms
search for red workers. This decreases the value of a
red worker, increasing the value of a firm and po-
tentially making the firm a more aggressive bar-
gainer when dealing with green workers. We must
then show that this increase in firm bargaining power
cannot decrease the value of a green worker. Alter-
natively, there is the possibility that the firms’ bar-
gaining position is sufficiently weak that even red
workers do very well in bargaining, yielding high
red-worker values.

While we have not been able to provide a
complete analytic answer, we can provide a
partial one supplemented by numerical calcula-
tions. We proceed in two stages. First, let
Vw(Hg + Hpg) be the value of an unemployed
worker in a hypothetical symmetric steady state
in which the proportion of skilled workers is
arbitrarily fixed at H; + Hy (with equal num-
bers of reds and greens acquiring skills).

PROPOSITION 12: Suppose (HE, VE, HE, VE)
are the skilled population sizes and values of
green and red workers in a green asymmetric
equilibrium. If

(19) V&> Vy(HE + H}) > V%,
and if a nontrivial symmetric equilibrium exists,
then

Ve= Vi = Vi,
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where V%, is the value of an unemployed worker
in the symmetric equilibrium with no restric-
tions on entry.

Notice that Proposition 12 includes the case of
H% > 0, and hence is not limited to extreme
equilibria.

PROOF:

Suppose V% < V%, and hence V¥, >
Vw(H% + H%). An argument mimicking the
proof of Proposition 4 establishes that a sym-
metric equilibrium can yield a higher worker
value than Vi (H% + H%) only if the number
of workers entering in the symmetric equilib-
rium is less than HY;, + H%. But since V% <
Vi and V% < V%, at least as many workers
acquire skills in the symmetric equilibrium as in
the asymmetric equilibrium, and hence at least
H?, + H% workers acquire skills, a contradic-
tion. A similar argument precludes the possibil-
ity that V%, < V%,

It remains to verify (19). As before, we fix
A = Ay + Ap, and let A, vary. Denote by
Vo(Hg, Hg, Ap) and Vie(Hg, Hg, A;) the
values to a green and red worker in an asym-
metric steady state with population sizes of
green and red skilled workers arbitrarily fixed at
H; and Hp.>* We again have V;(H;, Hg,
0) = Vr(Hg, Hg, 0) = Vy(Hg + Hyg), since
firm search decisions and the composition of the
skilled labor force are irrelevant when A, = 0.
It is also immediate that, for all H; and Hpg,

(20) VG(HG’ HR’ A)
> Vy(Hg + Hpg)
> VR(HG’ HR’ A) = 0

Remark: A sufficient condition for (19) is that,
for all H;, Hg, and all A, = A,

21 Vo(Hg, Hg, Ar)
> Vw(Hg + Hpg)

> VR(HG’ HRa AF)'

2480 that Vo(Ar) = V(Y2 0, Ap) and Ve(Ap) =
Ve(i2, 0, Ap).
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Extending (20) to (21) is a much easier task than
working with the full model, since we have
exogenously fixed worker entry decisions, al-
lowing us to ignore any considerations arising
out of the specification of the cost distribution
C. However, the inequality is still sufficiently
complicated that we have not found a direct
analytical argument. Extensive numerical inves-
tigation verifies the inequality for combinations
of parameters satisfying A € (1, 50], A, €
(0.05, A, r€ (1,101, 6 € (1, 10], H; €
(0.05, 0.4}, and H, € [0, Hg].

VI. Discussion
A. The Matching Process

In our model, the probability that a searching
firm meets an unemployed skilled worker is in-
creasing in the number of unemployed skilled
workers, rather than in the number of unemployed
skilled workers per searching firm. This implies
that the aggregate meetings technology exhibits
increasing returns to scale. As the number of
skilled workers and vacancies for skilled workers
doubles, each agent experiences an increased
matching frequency, and hence the total number
of matches more than doubles.” This assumption
contrasts with a large search-theoretic literature
modeling aggregate unemployment, which uses
a constant-returns-to-scale aggregate matching
function.”® Moreover, there is a significant body
of empirical work with mixed results on whether
the aggregate matching function exhibits constant
returns to scale.’” As Robert E. Hall (1989) and
Blanchard and Diamond (1992) have argued,
however, the observed matching function is a re-
duced-form object, and estimates of constant re-
turns do not necessarily imply that the underlying
meetinggs technology has constant returns to
scale.?® Indeed, as Blanchard and Diamond (1992,

25 This follows from (2)—(3). See Peter A. Diamond
(1982) for a similar matching technology.

26 A Jeading example of this work is Dale T. Mortensen
and Christopher A. Pissarides (1994).

?"In addition to Olivier J. Blanchard and Diamond
(1989, 1990), see Melvyn G. Coles and Eric Smith (1996)
and Lourens Broersma and Jan C. van Ours (1999) and the
references therein.

2% In a more complete model, search intensities are en-
dogenous (for example, there may be a discouragement
effect in that workers search less intensely when unemploy-
ment is high). The aggregate matching function combines
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p. 357) write, “[tlhe mechanical process, which
reflects the process through which workers and
jobs find each other, surely has increasing returns
over some range.”

Rather than being intended as a description of
the aggregate labor market, our model is partic-
ularly relevant for markets in which firm search
is important and workers make skill-acquisition
decisions. In such markets, one might expect
informational and idiosyncratic matching con-
siderations to be particularly important. As a
result, different unemployed skilled workers are
not perfect substitutes. Having a larger pool of
unemployed skilled workers then increases the
probability of finding an appropriate match,
leading to increasing returns.”” Our increasing-
returns matching process is meant to capture
these considerations, though we do not explic-
itly model them.

In order for firms to be able to target workers
of a particular color, there must already exist a
pattern of differentiation. It may be that greens
and reds attend different schools and colleges,
join different social institutions, or live in dif-
ferent areas. By focussing their search on par-
ticular schools, social institutions, or locations,
firms can then effectively target workers of a
particular color. Alternatively, if firms rely on
social networks, such as an “old boy” network
of managers or the social networks of employ-
ees, then greens should be interpreted as those
workers in the social network. Any group that
can be identified with a search-relevant attribute
is a candidate for discrimination. We are thus
not attempting to show that discrimination is
possible in the absence of differences between
workers. Rather, we are interested in how dis-
criminatory equilibria exploit existing payoff-
irrelevant differences. Since the labels “red”
and “green” admit a variety of interpretations,
including race, sex, and location, we do not
view the existence of such differentiation as
unreasonable.

It may be useful to explicitly describe a
model of search that illustrates the notion of
targeting groups, in the context of locations.

the meeting technology with the determination of search
intensities.

22 See Coles a