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1 Introduction

The relationship between labor market slack and wages is still an open question. For example, even
though the unemployment rate ended 2018 below 4 percent, substantially lower than most estimates
of the natural rate of unemployment, wage growth has been moderate (Leduc et al. (2019)). Wage
rigidities are often used to explain this mild response of wage growth to tight labor market conditions,
depicted as a flattening of the wage Phillips curve (see Daly and Hobijn (2014)). However, recent
empirical evidence has shown that downward nominal wage rigidities are not as binding as we initially
thought (see Jardim et al. (2019) and Elsby and Solon (2018)).

Differently, a recent literature has highlighted the importance of market power for both product
and labor markets. In particular, local labor markets have proven to be particularly concentrated (see
Azar et al. (2018) and Benmelech et al. (2018)), giving local employers significant bargaining power.
Moreover, the evidence shows that workers are likely to apply for jobs in a limited geography (Marinescu
and Rathelot (2018)) and we have seen the decline in interstate migration (Molloy et al. (2011)). As a
result, adjustments through entry and exit of workers in local labor markets that may reduce employers’
market power are either muted or in decline. As a result, the importance of employers’ labor market
power is likely to have increased over time. Indeed, Dube et al. (2020) show that market power might
be present even in thick markets, with low search frictions.

In this paper, we present a model that links labor market slack to the wage distribution, taking into
account employers’ market power. In particular, we extend the duopsony labor market model presented
by Bhaskar et al. (2002) in order to take into account the impact of labor market slack on firm’s optimal
behavior. In the model, workers have heterogeneous preferences over the potential employers, but have
the same productivity. Firms choose wages and workers choose which firm they want to work for, if any.
Workers choose where to work based on posted wages and their intrinsic preferences. If they choose
not to work, there is an exogenous outside option. We partition the parameter space and characterize
the entire equilibrium set for each combination of parameters.

We show that there are three types of equilibria and relate them to the degree of slack in the labor
market. First, when there is slack in the labor force, both firms behave as monopsonies. As the labor
market tightens, firms move to an “accommodation” phase, in which both firms may prefer to shrink the
size of their labor force and pay lower average wages instead of competing outright for poached workers.
For the set of parameters in which firms accommodate, there are multiple equilibria, and in all of them
both firms accommodate. Finally, once we move to a range of parameters in which “accommodation”
becomes costly in comparison to the cost of fighting poaching, we observe the standard duopsony
competition as the one described in Bhaskar et al. (2002).

The fact that there are multiple equilibria in the “accommodation” phase makes the changes in wage

inequality as labor market slack declines ambiguous and possibly non-monotonic. The “accommodat-



ing” firm allows the competitor to poach its marginal employees. In exchange, the “accommodating”
firm is able to reduce its wage bill by reducing the wage paid to intra-marginal workers. Initially, this
benefit more than compensates for the loss of the marginal worker, taking into account the cost of
fighting to avoid poaching. However, while “accommodation” may induce an increase in between-firm
wage inequality, under these parameters, we have multiple equilibria with both firms concomitantly
accommodating. As a result, the range of equilibrium wages across firms can vary significantly. Conse-
quently, while we observe weak increases in average wages due to an economy-wide productivity shock
in an equilibrium with accommodation, we may see either large increases or large declines in wage dis-
persion, depending on which “accommodation” equilibrium firms settle in. Eventually, as competitive
pressures build up, wage dispersion becomes predictable as wage gaps shrink in order to reduce poach-
ing. In summary, the fact that “accommodation” equilibria occur as the economy is moving in and out
of periods with high labor market slack is in line with the ambiguous results found in the empirical
literature in terms of the cyclical behavior of earnings and wage inequality over the business cycle (see
Barlevy and Tsiddon (2006), Bonhomme and Hospido (2017), and Morin (2019), among others).

When parameters induce monopsonies or a competitive duopsony, the resulting equilibrium is shown
to be unique, given any set of parameters. However, the behavior of wage inequality and wage growth
may differ significantly depending on the nature of the economic shock. For example, while firm-specific
idiosyncratic shocks have a significant effect on both firms’ optimal wages in the case of duopsony, it
has no effect on a rival’s optimal compensation in the case of monopsonies. Similarly, while changes
in the degree of workers’ substitutability across firms (or industries) have a positive effect on firms’
optimal wages in the case of duopsonies, it has no effect on the case of monopsonies, as long as they
are not too large to trigger the “accommodation” phase.

The fact that wages in labor markets with different degrees of slack may react quite differently to a
given economic shock is important as it contributes to the effects of composition on wage inequality and
wage growth (see Daly and Hobijn (2017)). Evidence has shown that the degrees of local labor market
slack as well as market power by local employers vary considerably across space as well as over time
(Benmelech et al. (2018)). As a result, it is likely that at any given time we have a significant fraction
of local labor markets in each type of equilibrium presented. As we move further into the expansion
(recession), the fraction of markets in duopsony (monopsony) may increase.

The model presented in this paper is related to the literature on imperfect labor markets. In
particular, it is related to the literature on oligopsonies (see Bhaskar and To (1999), Bhaskar and To
(2003), and Kaas and Madden (2010), among others). As pointed out by Manning (2003), these models
assume that workers have full information and no mobility costs but that jobs are differentiated in some
way. In all these models, both workers and employers are located at some point in the characteristics

space (modeled as a circle or a line). However, employers exist at only some points in the characteristics



space, henceforth enjoying some market power. Consequently, the extent of an employer’s market power
depends on how dense employers are in the characteristics space. Most of the literature has focused
on the impact of a minimum wage on the wage distribution and on whether the establishment of a
minimum wage can trigger an increase in average wages, as empirically shown by Card and Krueger
(1994). As a result, the literature focuses on the cases in which there is no slack in the economy.
Differently, we show that the presence of labor market slack can have a significant effect on the wage
distribution and wage growth. Moreover, we show that labor market slack may also have a significant
impact on how the wage distribution and the distribution of workers across firms react to different
economic shocks.

Finally, our model is also related to the labor search literature (see Burdett and Mortensen (1998)
and Delacroix and Shi (2006) among others). As pointed out by Manning (2003), these models assume
that all jobs are identical, but that it takes time and effort for workers to find and switch jobs. These
search frictions give employers some market power, even if employers are small compared to the market
as a whole. Booth and Coles (2007) point out that oligopsony and search frameworks share several
features — in particular, wage compression and the fact that wage and productivity may not grow one-
to-one. However, these frameworks are quite distinct regarding the role of labor market slack. First,
most search models focus on involuntary unemployment,’ while unemployment is voluntary in the case
of oligopsony models. Additionally, the impact of labor market slack on wage dispersion tends to be
monotonic, with the increase in slack necessarily shrinking wage dispersion. Finally, search models with
on-the-job search usually show no clear link between slack and the intensity of worker poaching — apart
from the impact of employed workers’ search effort on the creation of vacancies. Differently, our model
highlights the link between labor market slack and worker poaching. In particular, it shows not only
the conditions under which worker poaching is likely to be seen, but also how firms strategically set
wages in response to the intensity of worker poaching. The presence of a stand-alone accommodation
phase is unique to an oligopsony framework, even though one can argue that both accommodation
and competition occur concomitantly in Burdett and Mortensen (1998). Even more, the fact that
accommodation equilibria occur in the period of transition from a labor market with slack to a heated
market generates the non-monotonic patterns in wage and compensation inequality that are unique to
the model presented.

The rest of the paper is divided into four sections. Section 2 describes the model and equilibrium
patterns. Section 3 introduces a minimum wage policy. Section 4 presents examples of two model
extensions. First, we consider the case in which workers are not uniformly distributed across the
characteristics space. Second, we consider the case in which workers’ transportation cost function is

convex. Our results show that the equilibrium patterns presented in Section 2 are robust to these

!Some search models do allow for households that optimally stay out of the labor force (see Tiizemen (2017)).



extensions. Finally, Section 5 concludes the paper, summarizing our findings. All proofs are in the

Appendix.

2 Model

Consider a case in which we have two firms that are competing imperfectly in the labor market. The
product market is a perfectly competitive model, while the labor market follows Bhaskar et al. (2002)
which is an extension for labor markets of a linear Hotelling model. However, we allow for the fact
that firms may not want to hire all available workers. In particular, we consider the case in which
workers are distributed across a line of length L. We will vary L as part of our analysis. Each firm is
at one extreme of the linear space of length L and workers are uniformly distributed across the line.
Consequently, firm 1 is in position z = 0, while firm 2 is in position x = L. As in Bhaskar et al. (2002),
we consider the worker’s location as workers’ heterogeneous preferences for different jobs; for example,
a worker may have equal productivity in two jobs as measured by the marginal product, but the worker
prefers the kind of work or working conditions in one job over the other. We assume here that workers
have identical skills and abilities but have heterogeneous preferences over non-wage job characteristics
(job specification, hours of work, distance of firm from the worker’s home, and the social environment
in the workplace). Figure 1 represents the characteristics space and the duopoly, with each firm in one

of the two extreme locations.

—_— =

Firm 1 Firm 2

Figure 1: The characteristics space

2.1 Worker’s Problem

Consider a worker located in position x in the linear space. This worker must travel x to work for firm

1 and L — z to work for firm 2. We assume that the worker incurs a transportation cost of ¢ for each

mile she travels, so the worker would incur a cost tx to travel to firm 1 and a cost (L — x) to travel to



firm 2. The worker has three options: a) work for firm 1, b) work for firm 2, or c) stay out of the labor
force. We assume that workers live forever and are risk neutral (linear utility function). Therefore the
benefit of working for each company is given by the received compensation minus traveling costs. The
benefit of staying out of the labor force is normalized to zero. Consequently, it is optimal for a worker

in position x to accept firm 1’s offer if:

w1 — tr > max{wy — t(L — x),0} (1)
If all workers are employed in equilibrium (no slack), the marginal worker (located at z*) is indifferent

between working for firm 1 and 2, i.e.:

wy — te* = wy — t(L — z¥) (2)

Rearranging it:

*

tf+w1—w2
rr=——°

57 (3)
which is also the labor force for firm 1 in this case. Similarly, the labor force for firm 2 in the no-slack

case is given by: B
_ tL —

Once z* € [0, L], we must have:

tL +wy — w — —
0§$§L = |wy —wo| < tL (5)
The more interesting case is when the condition presented in equation (5) is satisfied in the case of

competition; thus, we impose the following parameter restriction:
Assumption 1 |A4; — A| < %.

Differently, in the case in which there is labor market slack, the marginal worker at each firm is

indifferent between working or staying out of the labor force; i.e.:

wl—i'lt:0:>f1:% (6)

and

wg—t(f—f1)<0:>§;1<f—% (7)

Substituting (6) into (7), we have w; +wg < tL. Similarly, for the marginal worker in firm 2 in a world

with labor slack, we have: B
tL — w9

t 5)

wg—(f—i'z)tzo = X9 =



Since again we have slack:

wl—tf2<02>f2>% (9)
Again, substituting (8) into (9), we have:

tL — _
%>%éw1+w2<tL (LS)

So (LS) is the constraint that must be satisfied in order to have labor market slack. Then, the labor
supply faced by firms 1 and 2 are, respectively

tf+u21+wz if wy +wy > tL tz*“é%wl if wy +wy > tL
L = and Lo =

v otherwise v

: 7 otherwise

2.2 Firm’s Problem

We now consider the firm’s problem of setting the wage offered to workers. In order to simplify the
analysis, we assume that both firms have production functions that depend on only one input (labor)
and that it has constant returns to scale, i.e., the production function is linear. Moreover, we assume
that both firms have the same production function up to their total factor productivity (TFP) A;.
Finally, we assume that they produce the same homogeneous output that is the economy’s numeraire.

In terms of the wage-setting mechanism, we assume that a firm pays the same wage for all workers,
irrespective of their traveling costs. Consequently, by paying a higher wage, a firm would not only
attract more workers, but it would also increase its wage bill for all currently employed workers at
the firm. Moreover, if there is no slack in the labor market, a wage increase implies that the firm is
poaching workers from its competitor, which may react by increasing its own wage offer. However, in
order to simplify the problem, we assume that firms set their wages simultaneously. Therefore, firm 1’s

profit maximization is given by:
max(Al *p — wl)Ll(wl, wa; t,f) (10)
w1

So, as we can see, firm 1’s problem depends not only on technology parameters (firm 1’s TFP A; and
the overall sector productivity p), but also on the wage offered by firm 2 (ws), the transportation cost
(t), and the size of the potential labor force (L). We present all the calculations for firm 1’s profit

maximization in the Appendix. Below, we present firm 1’s reaction function, which is given by:

Ap if wy < tL — 412
tL—wy  iftL — 22 <wy < L — A2

w} (ws) = B (11)

W if wo >tf—% and wy < A1p +tL
Aqp w22A1p+ti



Similarly, given the symmetry in the profit maximization problem for firm 2, we have:

% if’w1<tf—%
. tL—wy  iftD— 222 <wy <L 422
wy(wr) = (12)

W if wy > tL — 222 and wy < Agp + tL

Agp w1 > Agp + tL

L L L L L L L L
0 0.1 02 03 0.4 05 06 07 08 03 1
wy

Figure 2: Reaction function for firm 1

Figure 2 presents firm 1’ s reaction function. Notice that for low levels of ws, the optimal wage for
firm 1 does not change. The reason for that is that at these wage levels, there is slack in the labor
market, and firm 1 is already hiring its optimal labor force; i.e., by increasing its wage, firm 2 attracts
workers who preferred to be out of the labor force at the previously posted wages. As firm 2’s wages
keep increasing, we arrive at a point at which firm 1 must decide if it should accommodate firm 2’s
increasing demand for wages or compete for the workers. If firm 1 decides to accommodate, it allows
firm 2 to poach some of its workers while it reduces the total wage bill by focusing on workers who
would have a strong preference for working in firm 1 and consequently accept a lower wage. If firm 1
fights for workers, it must start to increase wages in order to poach back some of the workers that firm
2 is trying to attract. As we can see, firm 1’s optimal strategy involves first trying to accommodate.
During accommodation, the wage paid by firm 1 actually goes down, since by allowing firm 2 to poach
some of its workers, firm 1 can actually reduce the wage paid for the remaining workers, since it does
not need to convince marginal workers with high transportation costs to work for the firm. However, as
firm 2 keeps increasing its wage, there is a threshold after which firm 1 eventually is better off competing
with firm 2 for workers. Then, we observe that the wages paid by firm 1 strictly increase with firm 2’s
wages.

Given the presented reaction function, we can see that different patterns of equilibria can arise,
depending on the parameters. Figure 3 shows three patterns. In the next section, we show that any

equilibria in the model fits one of these three patterns.
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(a) Local Monopsonies (b) Accommodation (¢) Competition

Figure 3: Equilibrium patterns

In Figure 3(a), we have an equilibrium in which both firms are local monopsonies and there is slack
in the labor market; i.e., there are workers who in equilibrium prefer to stay out of the labor force at
the posted wages. As we can see, in this case the equilibrium is unique. Differently, in the equilibria
in which we observe accommodation — Figure 3(b) — all workers are employed, but we observe multiple
equilibria. In particular, there is a range of wages posted by the competitors that would induce firms to
try to accommodate the opponent’s increased demand. As mentioned before, accommodation implies
reducing demand and trying to boost profits by reducing the overall wage bill once giving up employees
with the highest transportation costs allows the firm to pay less to all remaining employees. Finally, in
Figure 3(c) we have the case of competition, in which all workers are either employees of firm 1 or firm
2 and both firms react to an increase in the competitor’s wage by increasing their own wage. In this

case, the equilibrium is again unique for a given set of parameters.

2.3 Equilibria

In this section, we show all the equilibrium patterns we can observe while ruling out other possible

combinations. The following proposition summarizes the results, which we discuss afterward.
Proposition 1 The following parameter restrictions pin down all three possible equilibrium patterns:

1. If (A; + As)p < 2tL, both firms are monopsonies, there is labor market slack in equilibrium, and

the equilibrium is unique;

2. If (A1 + A9)p > 3tL, firms actively compete for workers, there is no labor market slack in equilib-

rium, and the equilibrium is unique;

s, If % + % <tL < % + %, both firms accommodate each other’s labor demand, there is no

labor market slack in equilibrium, and there are multiple equilibria.



Proposition 1 shows the parameter restrictions that would induce the different equilibrium patterns
presented in Figure 3. In other words, there are no equilibria that follow a different pattern than the
ones presented in Figure 3. Consequently, there are no equilibria in which firms are at different sections
of their reaction functions.

A simple intuition is the following. Let (A; + Ag2)p represent aggregate productivity. When the
productivity of a firm is low, its monopsony wage is also low, so workers who are further along the
characteristics line will not be attracted to the firm. Thus, when aggregate productivity is very low
(case 1), it results in a market with no competition and labor market slack, in which both firms act
as monopsonies. At the other extreme, when aggregate productivity is high (case 2), firms are willing
to pay higher wages in order to attract more workers. This leads to a competitive scenario. In the
intermediate case where aggregate productivity is not so low to generate slack, but also not so high
to induce competition, we have the accommodation scenario. If one firm is more aggressive and pays
higher wages and hires more workers, the other firm’s best response is to accommodate instead of
competing, thus, the multiplicity of equilibria.

Corollary 1 gives us some interesting implications, showing how the different equilibrium patterns

are affected by shocks to the model parameters:

Corollary 1 Considering small changes in parameter values, i.e., changes that do not trigger a switch

in the equilibrium pattern, we have:

o In an equilibrium with local monopsonies: Changes int and L have no effect on equilibrium wages.
Changes in p increase both firms’ wages, while changes in A; increase only firm i’s equilibrium

wage, while keeping its competitor’s wages constant;

o In accommodation equilibria: An increase int or L increases the overall wage bill of the economy,
while its partition across firms is undetermined. Changes in A;, i € {1,2}, and changes in p affect

the set of possible equilibrium wages in the economy;

o In an equilibrium with competition: An increase in t and/or L decreases both firms’ wages, while

changes in A;, i € {1,2}, and/or changes in p increase wages for both firms.

2.4 Policy Implications

Although corollary 1 is a simple observation based on equations (11) and (12), it has some relevant
implications for the labor market. If we consider that low-skill workers usually face a labor market in
which there is lots of labor market slack due to a large contingent being out of the labor force, neither
changes in the size of the potential labor force nor changes that make jobs more similar have any impact

on equilibrium wages. Consequently, incremental policies that reduce the overall size of the potential



pool of low-skill workers, such as policies trying to induce workers to retire or to educate workers in
order to move them out of the low-skill pool, or policies that would reduce the presence of low-skill
immigrants, would have very little impact on the wage distribution of the workers who remain in this
market. Similarly ineffective are incremental policies that make jobs more standardized, such as strict
regulations on job conditions and other amenities. Overall, for this particular market, only incremental
policies that may induce an increase in overall productivity would have an impact on the equilibrium
wages.

Differently, in markets in which firms must fiercely compete for workers — for example, in markets
with high-skill workers (STEM, abstract non-routine skills) — not only do increases in overall produc-
tivity increase wages, but there is also a spillover effect of firm-specific technological progress, i.e.; an
increase in firm i’s TFP (A;) generates an increase in its competitor’s posted wages. Moreover, a reduc-
tion in the size of the potential pool of high-skill workers or an increase in the degree of standardization
of jobs (decreases in t) also generates an increase in overall salaries. Finally, policies that would move
workers from the bottom of the skill distribution through attainment of education would at best reduce
inequality by depressing wages at the top of the skill distribution, without any clear benefit to workers
who stayed in the low-skill labor market, unless the measures are paired with a productivity boost.

Finally, the impact of incremental policies on the equilibria with accommodation is not as clear.
Policies that boost productivity may not only not increase the wages at any given equilibrium, but
may also affect the range of possible equilibria, increasing the possibility of higher overall inequality.
Differently, either an increase in the size of the pool of potential workers or policies that make jobs less
standardized, while increasing the overall wage bill in the economy may also increase wage inequality
across firms. In the next section, we describe these changes in wage patterns in more detail.

Figures 4 to 6 illustrate examples of changes in the lines discussed above.
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Figure 4: Changes in L
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Figure 5: Changes in p
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2.5 Equilibrium Wage Patterns

In this section, we present a more in-depth discussion on how equilibrium wages change as the pa-
rameters in the model change. This discussion allows us to have a better understanding of the policy
implications of measures that differently affect particular features of the labor market. Moreover, it
provides us with a better view of the model implications that can be tested in the data, as well as
possible weaknesses that can be dealt with by possible extensions.

From our discussions in Sections 2.2 and 2.3, we have that the boundaries of the three possible
equilibria patterns — monopsony, accommodation, and competition — depend on the parameters L, t,
p, and A;, 1 € {1,2}. Since accommodation not only depends on both thresholds, but it is also the only
case in which equilibrium wages are non-unique, we focus our discussion on this case. In particular, from
equations (11) and (12) and from the results of proposition 1, we have that if we are in an equilibrium
with accommodation, both firms must be trying to accommodate the opponent’s demand. In this case,
we not only have that the parameters must satisfy condition 3 of proposition 1, but we also have that

the equilibrium wages depend on the following additional constraints:

—J A A —J A A
> A1p 2p > A2D 1P
tLZT—i_T and tLZT—FT (13)
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which are the restrictions that are imposed by equations (11) and (12) such that equilibrium wages
respect the fact that both firms are accommodating.

In order to simplify the exposition, let’s focus on the case in which A; > A5.%2 In this case, we have
that Alp + A2p > A”’ + Alp Consequently, the equilibrium wages in accommodation can be split into

the followmg cases:

1. If Alp + A2p < tL < Alp + AQp : In this case, the equilibrium wages for firms 1 and 2 must be

Wlthm the following mtervals:

A A
?”9<w1<u:—72p and 2L <y, <L 2L (14)

2. If Alp + A22p < tL < Alp + A2p In this case, the equilibrium wages for firms 1 and 2 must be

Wlthln the following mtervals:

2

Asp Agp Agp

tL—T<w <tL—T and 2P

<Swp < —= (15)
3. If % + % <tL < % + %: In this case, the equilibrium wages for firms 1 and 2 must be

within the following intervals:

tf—%wu g% and L4

=
N

2p

<wp € —= (16)

[\D ‘

Notice that the range of equilibrium wages allowed in the accommodation case may shrink or expand
as the parameters change. In Figure 7 we show how the equilibrium wage for firm 1 changes as we vary
different parameters. From Figure 7(a), let’s consider that we initially start with a very high L. So
both firms are monopsonies. As we reduce L, we are initially reducing the fraction of the labor force
with the highest transportation cost, i.e., the ones who would have the highest reservation wage in order
to accept working for either company. Then, once we cross the threshold presented in proposition 1’s
condition 1, the potential labor force is small enough that if both firms post their monopsony wages,
all workers would like to work for at least one of the firms and some would accept working for both
firms. Now, let’s focus on the fraction of the labor force that at the monopsony wages would accept
working for both firms at the current wages; i.e., both firms are posting wages above these workers’
reservation wage. In this case, the worker picks whichever wage gives her the highest utility. But for
the losing firm, there are two alternatives — either raise wages and try to outbid the competitor, or
save money by reducing the posted wage, by saving in terms of the salaries of current employees. The
latter is the optimal strategy initially. This is why we see a range of equilibria in which at least one

of the firms is undercutting its monopsony wage. A very similar argument can be made about changes

2The alternative case in which As > A; can be easily derived in a manner similar to the one presented here.
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in transportation cost ¢ in Figure 7(b). Finally, in Figure 7(c), we have changes in p. In this case, if
we start at a low value of p, both firms are local monopsonies, since workers are not very productive;
therefore, only workers with very low ¢ are employed in equilibrium. As p increases, workers become
more productive; therefore, firms expand their labor forces — as we can see, monopsony wages are
increasing with p. Again, once we hit the threshold presented in proposition 1’s condition 1, firms start
accommodating. But now there are two main differences: not only are monopsony wages increasing in
p, but the cost of accommodating is also increasing as p goes up. This is why the range of equilibrium
wages in the accommodation equilibria is narrower and we quickly see firms that initially accommodated

start reacting and ramping up wages.
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(a) wy as a function of L (b) wi as a function of ¢ (c) wt as a function of p

Figure 7: Equilibrium wages as a function of economy-wide parameters

Finally, in Figure 8 we look at changes in A; while keeping As constant at Ay = 1.5. As we
see, results are different, now that we are changing the relative productivity of firms, as well as the

boundaries of the different equilibrium patterns.
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(a) wy as a function of A4, (b) w3 as a function of A;

Figure 8: Equilibrium wages as a function of firm 1 productivity

Overall, these results seem to rest on two simplifying assumptions in the model. First, workers
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are homogeneously distributed across the linear city. Second, the transportation cost is linear. These
two assumptions imply that: 1) Accommodation is not overly costly, since the loss of the firm’s labor
force is linear. Otherwise, if we have workers more concentrated at some particular values (so we
assume workers are distributed across the line following a given distribution F(-) with support [0, L])
we could have that by accommodating you lose a significant fraction of your labor force. 2) The cost-
saving benefit of accommodating is reasonably large. Differently, if the transportation cost function
was concave, the benefit of accommodating once the firm’s labor force is at the somewhat flat portion
of the cost function would have been small. We discuss the robustness of our results to these extensions
in Section 4.

Finally, if we introduce a minimum wage, we can significantly reduce the ability of firms to accom-

modate, reducing the range of equilibrium wages in which we can see firms reducing wages below their

monopsony values. We discuss the impacts of introducing a minimum wage policy in Section 3.

2.6 Average Wages and Wage Dispersion

In this section, we consider the average wages and wage dispersion in this economy. As before, we
evaluate average wages and wage dispersion across the three different equilibrium patterns previously

described.

In the case of an equilibrium with monopsonies, the average wage is given by:

Ly Lo
E = T 3 17
TS L TR (7
Substituting optimal wages and demands, we obtain:
p (AT + A3)
_ 18
fw[W] 2(A; + Ay)2 (18)
Similarly, the variance of wages is given by:
L L
2 1 * 2 2 * 2
_ _ s — 19
Substituting the values and rearranging, we obtain:
o AjAgp?(Ar — Ag)? (20)

Tw = 4<A1 =+ A2)2

As expected from corollary 1’s condition 1, o2, does not depend on L and ¢ in the case of monopsonies.
Let’s now consider the average wage and variance in the case of competition. In this case, average

wages are given by: o _
(A1 — A2)* p? + 9Lt [A1p + Asp — 2Lt]
18Lt

afw] = (21)
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while the variance of wages is given by:

—2
p? (A1 — As)? [pQ(Al — A9)? - 9L t2]
2 _
o= — —5 (22)
324L°t2

Notice that assumption 1 warranties that o2 > 0. Moreover, we have that o2 is strictly decreasing
in L and ¢, as expected based on corollary 1’s condition 3.

Finally, in the case of accommodation, once the equilibrium is not unique, both mean wages and
variance are functions of either w; or wo. Without loss of generality, let’s consider that they are both

functions of wy. Then, average wages are given by:

2 — 2Ltwy 4 2w?

w| = 23
oo (W] Tt (23)
while the variance is given by:
— 2 —
2wy — Lt — Lt
O_?U — _wl( ! ) (wl ) (24)

IRz
Notice that in this case, 02, is a function of wy. First of all, notice that o2 = 0 if w; = {O,Zt, %}
However, the Cartesian points (w1, ws) = (0, Lt) and (wy,ws) = (Lt,0) are necessarily outside the
range of parameters for the “accommodation” equilibria.

In order to pin down the range of variance that can be reached by “accommodation” equilibria,

we find the extreme points for o2. The first-order condition gives us the Cartesian points (w1, ws) =
(% %), (w1, wy) = (ft(274\/§),ft(2+4‘/§)>, and (wi,w2) = (ft(2+4\/§),ft(274‘/§)). From the second-

order condition we obtain that (wq, ws) = (% %) is a minimum, while (wy, wy) = (Zt (2_4\/5) , Lt (2+4ﬁ)),

and (wi,wz) = (ft (2+4‘/§),ft (2_4‘/5)) pin down the maximum. As we have seen, 02 = 0 at (wy,ws) =

—_ -2
(% %) Differently, at the two extreme points that we identified as maximum, we have U?U = Llég.

Consequently, the widest range of variances we could possibly observe is [0, ?gz] As expected, the
actual range depends on the parameter values and the range of equilibrium wages that can be observed
in the “accommodation” equilibria, as discussed in Section 2.5.

Figure 9 shows the standard deviation as we vary different parameters and move across different
equilibrium patterns. As expected, in all cases, the significant increase in the possibilities of wage dis-
persion occurs during “accommodation.” The set of possible values for the standard deviation of wages
in accommodation depends on the range of equilibrium wages that can be observed in accommodation,
as described in Section 2.5. Differently, in the cases of monopsonies and competition, the standard
deviation of wages is actually zero in the case in which both firms are equally productive (4; = Ag) —

as we can see from equations (18) and (22). Moreover, in the case of monopsonies, average wages are
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Figure 9: Standard deviation of wages as a function of economy-wide parameters

unaffected by L and t, as we can see in Figures 9(a) and 9(b) for high values of L and t as well as in
equation (18).

For completeness, we present in Figure 10 how average wages vary as we change different parameters
and move across different equilibrium patterns. As in the case of the standard deviation of wages,
average wages in the case of monopsonies are not affected by either L or ¢, as we can see in Figures
10(a) and 10(b) for high values of L and t as well as in equation (17). The decline in average wages as
we enter in accommodation in the case of changes in L and t can be explained in part by the nature of
the changes in these parameters. As we reduce L we are shrinking the labor force by moving out of the
labor force the workers with the highest opportunity cost of working for either company. As a result,
since the wage paid to all employees is affected by the opportunity cost of the marginal worker, it is
natural to see a decline in wages. Similarly, a decline in ¢ implies that it is less costly for workers to be

employed at either company, again reducing the needed compensation.
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Figure 10: Average wages as a function of economy-wide parameters
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3 The Effects of Minimum Wage Policies

In this section we investigate the effects of introducing a minimum wage in our duopsony model. As we
have seen before, the parameters of the model pin down the class of possible equilibria. Let us examine

each of these possible cases.

3.1 Local Monopsonies

Recall that if this is the case, then the equilibrium wages and labor forces in each firm are determined
Aip Aip

by w; = =5 and x; = 5}, respectively. Let us consider the imposition of a minimum wage that is

binding for both firms,? i.e., wynin >

M7 but small enough so that both firms end up paying
w* while being local monopsonies.* In this case, the new policy induces higher wages being paid in
equilibrium while decreasing labor market slack, and consequently increasing efficiency. This result
might be counter intuitive at first, but it is a consequence of two features of the model. First, since
firms cannot wage-discriminate among workers, a wage increase means that every worker must be paid
a higher amount, which is the reason for slack in the first place (together with workers’ heterogeneous
preferences). The second reason is that the marginal productivity of each worker is constant; therefore,
as long as the wage is lower than the marginal revenue of each worker, a firm that pays a wage w wishes
to hire as many workers as possible at that wage.

Suppose now that the minimum wage is large enough that it moves at least one of the firms away
from local monopsony. Then, the resulting equilibrium might be one in which both firms increase their
wage or one in which one firm increases it, but the other decreases it. In the first case, both firms
pay the minimum wage W, and we move to full employment. The second case can only happen if
firms have asymmetric marginal productivity and the minimum wage is initially binding only for the
low-productivity firm. That is, a necessary condition for having such an asymmetric response to the

.. . A, A . . . .
minimum wage is Aép > Woin > %p. In this case, it can happen that firm j raises its wage to wWmin

and firm ¢ accommodates (or even competes) by paying a lower wage w)] < Aﬁp than it originally paid.

Below, we present an example in which the response to the imposition of a minimum wage led to a wage
decrease by the most productive firm. In such cases, the minimum wage leads to full employment and
decreases the wage dispersion across firms. It might, however, lead to inefficiency, since some workers
from the high-productivity firm move to the low-productivity one. The net impact on efficiency depends
on how this productivity loss compares to the efficiency gains resulting from a mass of workers who

were not employed moving to being employed at the low-productivity firm.

3Results are qualitatively similar if the minimum wage increase is binding for only one firm, as long as the new

equilibrium still presents labor market slack.

4Formally, this means that the minimum wage Wmin < tL — Agp ,i=1,2.
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Example 1 (Asymmetric Response to Minimum Wage) We construct here an example in which
after the introduction of a minimum wage, one firm increases its wage and the other firm decreases its
wage, as a strategic response to the first firm’s increase. Assume that tL > % and Ayp > tL >
%. The first inequality implies that the equilibrium in the economy without a minimum wage is one
with two local monopsonies. The second inequality implies that there is an asymmetry in productivity:
firm 1 has higher marginal productivity than firm 2. Now consider a minimum wage Wyin = ti—%—i—a,

with € > 0 small (formally, € < AIPT_tZ). In this economy, firm 2 must raise its wage, SiNce Wyin >

Moreover, Wi, > tL — %, so that paying the monopsony wage is no longer a best response for firm

BR
1

Azp
5 -

1. Indeed, firm 1’s best response to such a minimum wage is WPT = tL — Win = % —¢. In this new

scenario, note that r1 = % — ¢ and this marginal worker is indifferent between firm 1 and firm 2, and

also indifferent between working and not working, consistent with the accommodation equilibrium. Total

2 2
productivity before the minimum wage was: A1p * % + Agp * % = (Aéf) + %. Once the minimum

wage is imposed, the new productivity is Aip * (% — 6) % + Agp x (ti — % + s) % Thus, we need

to compare these two expressions. If € is sufficiently small, the new equilibrium improves efficiency.
7_ (Aip+Asp)
L A1ptsop) . ‘ )
Formally, as long as € < ——3;=4—— we have a policy that improves efficiency.
Az

3.2 Accommodation

Here, a minimum wage might force the economy to move from one equilibrium to another one, both
in the accommodation area. It could also force the move so that both firms are in the competition
area, implying that every worker receives a strictly positive surplus. Hence, while the introduction of
a minimum wage does not alter employment in this case, it increases wages and might reduce wage
inequality.® However, the effects on efficiency are ambiguous. If the new equilibrium increases the
high-productivity firm’s labor force at the expense of the low-productivity firm’s labor force, then the
policy is efficiency-enhancing. However, it is possible that the opposite happens and there is a loss of

efficiency.

3.3 Competition

In this case, implications are more straightforward. Here, firms are competing, and if high minimum
wages are imposed (higher than the current equilibrium wages), then both firms will pay the minimum
wage and we remain at full employment. Here, the policy is either innocuous in terms of efficiency
or inefficient. Specifically, if the economy is asymmetric, then the minimum wage might reduce wage
inequality, forcing some workers out of the high-productivity firm and into the low-productivity one,

which has increased its wage.

5In an asymmetric economy, both firms might end up paying the minimum wage.
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We conclude this section with the following policy implications of a minimum wage. The first
implication is that, in a world with large local labor market power (local monopsonies), the imposition
of a minimum wage improves efficiency by reducing or eliminating slack. Differently, in a world where
competition is fierce, the policy is weakly inefficient. While employment initially is and remains at its
highest level, there might be employment shifts from high-productivity firms to low-productivity firms.
At intermediate levels of competition, the accommodation equilibria, the introduction of a minimum
wage has ambiguous effects on efficiency: it may increase the employment level (if we start from the
local monopsonies), but there might be shifts in the labor force from the high-productivity firm to the
low-productivity one. Due to the multiplicity of equilibria, the opposite might also happen: a fraction

of the labor force might shift from the less productive firm to the more productive one.

4 Extensions

In order to show that our results are robust to generalizing some of the model’s assumptions, we present
two extensions in this section. First, we consider the case in which transportation costs are convex.

Second, we present the case in which workers are not uniformly distributed across the line.

4.1 Convex Transportation Cost

In this section, we consider the case in which transportation costs are given by c(x) = tx?. Apart from
that, all other assumptions are maintained. From the worker’s problem, we have that, in the case in

which there is no slack in equilibrium, the marginal worker’s position is given by:

—2
. _ w1 — wg + tL (25)
2tL

In this case, z* € [0, L] implies:
lwi — ws| < (L (26)

In the case in which there is slack, the marginal workers’ positions for firm 1 and 2 are given by:

flzﬂ% and @:f— % (27)

and in order to have slack, the following inequality must be satisfied:

Vi + s < TV (28)

5We assume that the minimum wage is not large enough to drive monopsonies out of the market.

19



which is obtained in a manner similar to that in equation (LS). Therefore, labor supplies for firms 1

and 2 are given by:

—wottL” - - U —
le{““?’& if \/wr + g 2 LV LF{“’QZ? if /7 + /i > L/
VL2 otherwise
7

(29)

respectively. Taking the worker’s problem into account and solving the firms’ profit maximization

w1

7 otherwise

problem, we have that firm 1’s reaction function is given by:

r 2
4 s < |LVi- /42
- 2
wilws) = (Tvi— vism)® it Tvi— /A2 < wy < [QL\/E— i’ +A1p] (30)
r 2
gy 3 _
AIH# if w2 2 2L\/i - tL2 + Alp :|

. . . . .
0 02 04 06 08 1 12
wWa

Figure 11: Reaction function for firm 1

Notice that the patterns observed in Figure 11 are exactly the same as the ones depicted by Figure
2 in the case of linear transportation costs, apart from some convexity in the accommodation interval.
In fact, the equilibrium patterns are also quite similar, as we can see in Figure 12. Consequently, the

introduction of convex transportation costs does not qualitatively affect the equilibrium outcomes.
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Figure 12: Equilibrium patterns

4.2 Beta Distribution

In this section, we ease the assumption that workers are distributed uniformly across the characteristics
space, by assuming that workers’ distribution follows a beta distribution with parameters o and S.
As we can see in Figure 13, the beta distribution is quite flexible, allowing us to investigate several
different configurations. In order to facilitate the comparison, and avoid the issues with a shrinking
labor force, we keep the size of the labor force normalized to L = 1. Since in this case we don’t have
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Figure 13: Beta distributions

closed-form solutions for wages, we focus on presenting some numerical solutions for the distributions
presented in Figure 13. Results are shown in Figure 14 for all equilibrium patterns across the different
beta distributions. As we can see in Figure 13, changing the distribution parameters o and g we
change the distribution of workers across the line, from a distribution that is concentrated in the
middle (a« = 8 = 3), to one in which the vast majority of workers are close to either firm 1 or firm 2,
(a = f =0.5). We can also create a distribution that is asymmetric, in which the majority of workers
are closer to firm 1 than firm 2 (« = 3, § = 5). However, as we can see in Figure 14, equilibrium

patterns are the same, regardless of the shape of the distribution of workers across the line.
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5 Conclusion

Our aim is to provide a tractable model of wage and employment distribution that captures two features
of the data that have been documented by a recent empirical literature. First, labor markets are
concentrated and there are many employers with monopsony power in local labor markets. Thus, we
depart not only from the standard competitive markets but also from models with atomistic monopsony.
Instead, firms’ strategic interactions play an important role in our analysis. Second, there is often slack
in the labor market.

We incorporate these two elements and provide predictions on how wages and employment vary
during the business cycle and across occupations. The important role that slack plays in our model
allows us to explain empirical findings of wage and employment responses to different economic shocks.
For example, non-employment often persists even in periods of boom and the labor market’s response
to shocks varies across sectors.

Finally, our model provides us with a tractable tool to explore important policy implications. While
some of these implications have already been explored, others provide new insights into the labor
literature. For example, it has already been shown that the imposition of a minimum wage might
distort labor allocation, leading to a loss of efficiency.” However, when there is labor market slack, a
minimum wage might be unambiguously efficiency-enhancing, provided that the minimum wage is not
too high. The role of labor market slack within a strategic model of duopsonies might also prove helpful

in analyzing other implications we might have overlooked in this paper.
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Appendix

Firm’s Problem in Duopsony Model

In this appendix, we focus on firm 1’s profit maximization. Firm 2’s profit maximization is quite similar.

max(A; * p — wi) Ly (w1, wa;t, L)
w1
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Then, let’s consider the optimal profit in each segment and compare it against the overall profit.
max(Aj xp — wy) * o
w1 t
s.it. i wy +we < tL
Then the Lagrangian becomes:
w —
EZ(Al *p—wl)Tl—/\[UH—f—wz—t ]

Then the F.O.C. becomes:

1 w1
Apsx = —2— —A=0
1P*t ;

and complementary slackness is given by
)\[wl + wo —tf] =0,A>0

If the constraint is not binding, it means that A = 0. Consequently, we have:

A 2w A
Ap 2w Ap
t t 2
Differently, if the constraint binds, we must have:
w1 = tf — W2
Therefore, we have:
A i A T
. &2 if 52 4wy —tL <0
wy =95 _
tL —wy otherwise
Rearranging it, we have:
LB ifwe <SP
wy =9 _
tL —wy otherwise
while profits are
2 —
(An)” if wy < ¢L — 412

(A1p —tL + wg)i_fw otherwise

Now let’s consider the other segment of the labor supply:

tL +w —wg]

Ap —
iy — ) |

s.t.:wy +wy > tL
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Then the Lagrangian becomes:

tf—i—wl — W9

o — A[tf — w1 — 'UJQ]

max(A;p — wy)
w1

Then the F.O.C. becomes:

tf—i—wl—wg Aip —wn
2t )+ ( 2t

—( )+A=0
and complementary slackness is given by:

)\[tf—wl—wz]:(),)\zo

If the constraint is not binding, A = 0, then:

Aip—wi  tL+w; —wo Aip+wy —tL
= = w = —————
2t 2t 2

In this case, profit is given by:

Aip wy tL tL —wy + (AIP%M) (A1p — woy + tL)?

mo= (528 - 22 2y x )= m =

2 2 2 2t 8t

while, if the constraint binds, we have

UJlItf—'LUQ

and profits are given by:

— —  w
m = (Aip — tL + wy)(L — 72)

In summary, in this case we have:

Arptws—tL . 7T 1
o — ST i wg > tL — 3 Ap
t =

tL — wo otherwise

while profits are:

(Alpfwg +tf)2

31 if wo > tL — %Alp

(A1p —tL + wa)(L — *2) otherwise

Notice that the profit for the case in which the constraint is non-binding is higher if:

(Alp — wo + tz>2
8t

Zt*wg

> (A1p+w2 —tZ)( n

)

Rearranging it:
[A1p + 3(wy — tL)]> > 0
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And the inequality is satisfied if A1p+ 3wy —3tL # 0 = wy # tL— M So if wy > tL— @ , competition
is the best option.

Similarly, for the first segment, we have that:

A2p? — tL —
if > (Alp—tL-l—wg)w

= (Alp - 2(tf — w2))2 >0

which is satisfied if A1p — 2tL + 2wq # 0 = wy # tL — %. So if wy < tL — Alp , firm 1 strictly prefers
the “unconstrained solution.”

Finally, the accommodation segment of the reaction function is non-empty if tL — Alp >tL — Alp
Simplifying it we have % > 0, which is satisfied as long as A;p > 0. Consequently, ﬁrm 1’s reactlon

function is given by:

% if wy < tL — Alp
wi(w2) = ¢ tL — wo 1ftL——<w2<tL
AiptwatL e 00 4T — Ap

2

Possible Equilibria

Proof of Proposition 1. Let’s start with item number 1. It is easy to see that if % + % < tL, we
have an equilibrium in which both firms are monopsonies and there is labor market slack. Notice that
from the reaction functions in equations (11) and (12), % + % < tL is satisfied if both companies
are in the first segment of their reaction functions and are local monopsonies. Toward a contradiction,

let’s consider the following alternative scenarios:

A. Firm 1 acts as if it is a local monopsony while firm 2 acts as if it is in competition (duopsony):

In this case, based on the firms’ reaction functions, we would have that:

_ Aip _
wp = 5 and w9 =

Aop + wy — tL
2

Substituting w; into we’s expression, we have:

Agp + 42 —+L
>

w2 =

Based on the parameter restrictions from the optimal responses, we must have:

Alp

Agp

and
A A A tL
21p+ ;p Z1]9—?—1tL<0:>Alp<2tL——AQp
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So these constraints cannot be jointly satisfied. Consequently, we cannot have firm 1 acting as if
it is a local monopsony and firm 2 competing as if it is in a duopsony. Due to symmetry, we can

also discard firm 2 acting as if it is a local monopsony, firm 1 competing as if it is in a duopsony.

B. Firm 1 acts as if it is a local monopsony while firm 2 acts as if it is accommodating competition.

In this case, based on the firms’ reaction functions, we would have:

But these wages are only optimal if they satisfy the constraints presented in the reaction functions,
ie.
— A A - A - A - A
2p 1p 2P ond 4L — 1p<tL— 1p

L2280 20 oy 22
! 2 g <! 3 2 2

where the first inequality violates % + % < tL and the second is naturally violated. Due to
symmetry, we can also discard firm 2 acting as if it is a local monopsony, firm 1 competing as if

it is in a accommodation.

In order to show item 2, let’s consider an equilibrium in which both firms are competing in a

duopsony. Then, from equations (11) and (12), we must have:

| Agp + (Aptpathy T
B 2

w2

Simplifying it:

2 1 —
=-A —Ajp—tL
wy 3 2D + 3 1p

Due to symmetry, we also have:
2 1 —
=-A —Agp —tL
w1 = gA1p + 3412P

Then:
wy +we = A1p+ Agp — 2tL
Then, if:
Aop

4
(A1+A2)p>3tL:>tL<?1p+T

we have that both restrictions from the reaction functions are satisfied (%Agp—l— %Alp—tf > tL— % =
tL < % + % and %Alp + %Agp —tL > tL — % =tL < % + %) and consequently a duopsony is
an equilibrium.

We now must show that the equilibrium is unique; i.e., there is no equilibrium in which one firm acts
as if it is in a competitive duopsony, while the other acts as if it accommodates or is a local monopsony.
The latter one we already ruled out while proving item 1. Therefore, we only need to rule out the case

in which one of the firms accommodates. In order to do that, let’s consider the case in which firm 1
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acts as if it is in a competitive duopsony and firm 2 tries to accommodate competition. In this case,
based on the firms’ reaction functions (equations (11) and (12)), we have:

B A1p+w2—tf

5 and wy =tL —wy

w1

solving the system of equations, we obtain:

But these wage offers are only optimal if the following constraints from the reaction functions are
satisfied:
Asp  Aip  — Agp Aip Ap

However, the first inequality violates the parameter restriction (A; + A2)p > 3tL while the second
inequality is naturally violated. Due to symmetry, we can also discard firm 1 tries to accommodate
competition and firm 2 acts as if it is in a competitive duopsony.

Consequently, we have shown items 1 and 2, as well as corollary 2, i.e., we show that:
o If (A; + A2)p < 2tL: Both firms are monopsonies and the equilibrium is unique;
o If (A; + A)p > 3tL: Both firms act as competitive duopsonists and the equilibrium is unique

e There is no equilibrium in which firms are in different segments of their reaction functions.

Now let’s consider the case in which both firms accommodate competition. In terms of the reaction
functions, in this case we have both firms in the decreasing part of their respective reaction functions.
In the case of firm 2, for example, in equilibrium we would have wj = tL — tL — w}. So, as expected,

in this case we must have multiple equilibria. Then, from the constraints, we have

_ A - A
tL—TlpSwggtL—Tlp

and
—  Agp — Agp
tL —— < <tL-—- ——
g =" 3
Since wy = tL — wq, we have
- A — - A
L~ 22 <Ly <t - 22
2 3
Therefore, constraints for wy are:
Ap Agp
S < 222
3 ==
and
— A - A
tL—%pgwlgtL—TQp



Both are satisfied if

Alp — Agp . A1p T A2p
- — = Y K < - -
max { y tL w1 min > tL

Similarly for firm 2, we have that both constraints are satisfied if:
A - A A _ A
max —2p, i < wg < min —1p,tL _ o2
3 2 2
Finally, using the fact that in this case we must have w; + wy = tL, we have:

Agp 4T _ Awp
maX{T,tL )

tl <I[]in{;‘1;7tl 4121’}
A p ,[ AQ]?
{ 5 ’ }

< 3
T min {420T - Az}

Based on the constraints for the other equilibria, we know that:

Aip  Asp = Aip  Asp =
— + = >tL d —/— 4+ —/— <tL
5 + 9 > an 3 + 3 <
ie.: y y n 2
1P 2p - 1P 2p
2 AR L <« 22 AP
3 + 3 < < 2 + 2

But then, from the previous constraint, we have

3 3 2 2
max (¢ tL— 22 [ - A4 <L <min{ L+ A2 4T 4 A2
2L — %37 — 2P 2L — 4P — 52

Now let’s consider the term on the left-hand side (LHS) of the inequality. If the maximum is given

by either tL — % or tL — %, the first inequality is trivially satisfied since tL > 0. Moreover, if the
maximum is given by 2t L — % - %, the fact that tL < % + % implies that 2¢tL — % - % < tL and

consequently, trivially satisfied again. Consequently, the only real restriction on the LHS is % + %.

Similarly, on the right-hand side (RHS) of the inequality, if the minimum is given by either tL + % or
tL + %, this restriction is trivially satisfied given that A;p > 0 and Asp > 0. Moreover, Given that
% + % < tL, if the minimum is given by 2¢tL — % - %, we know that 2¢L — % - % > tL and the
inequality is again trivially satisfied. Consequently, the only real restriction on the RHS is % + %.

Therefore, the above expression can be simplified to:

Aip  Aop =  Aip A
A Tl Sy S et A Wl
3 + 3 <tL < 5 + 9

concluding our proof. m
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