I Z A Institute

of Labor Economics

Initiated by Deutsche Post Foundation

DISCUSSION PAPER SERIES

IZA DP No. 17042
Informal Incentives and Labor Markets

Matthias Fahn
Takeshi Murooka

JUNE 2024



I Z A Institute

of Labor Economics

Initiated by Deutsche Post Foundation

DISCUSSION PAPER SERIES

IZA DP No. 17042
Informal Incentives and Labor Markets

Matthias Fahn
JKU Linz and IZA

Takeshi Murooka
Osaka University

JUNE 2024

Any opinions expressed in this paper are those of the author(s) and not those of IZA. Research published in this series may
include views on policy, but IZA takes no institutional policy positions. The IZA research network is committed to the 1ZA
Guiding Principles of Research Integrity.

The IZA Institute of Labor Economics is an independent economic research institute that conducts research in labor economics
and offers evidence-based policy advice on labor market issues. Supported by the Deutsche Post Foundation, IZA runs the
world's largest network of economists, whose research aims to provide answers to the global labor market challenges of our
time. Our key objective is to build bridges between academic research, policymakers and society.

IZA Discussion Papers often represent preliminary work and are circulated to encourage discussion. Citation of such a paper
should account for its provisional character. A revised version may be available directly from the author.

ISSN: 2365-9793

IZA - Institute of Labor Economics

Schaumburg-Lippe-Strae 5-9 Phone: +49-228-3894-0
53113 Bonn, Germany Email: publications@iza.org WWw.iza.org




IZA DP No. 17042 JUNE 2024

ABSTRACT

Informal Incentives and Labor Markets®

This paper investigates how labor-market tightness affects market outcomes if firms
use informal, self-enforcing, agreements to motivate workers. We characterize profit-
maximizing equilibria and show that an increase in the supply of homogenous workers
can increase wages. Moreover, even though all workers are identical in terms of skills or
productivity, profit-maximizing discrimination equilibria exist. There, a group of majority
workers are paid higher wages than a group of minority workers, who may even be
completely excluded. Minimum wages can reduce such discrimination and increase
employment. We discuss how these results relate to empirical evidence on downward wage
rigidity, immigration, the gender pay gap, and credentialism.
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1 Introduction

Incentivizing workers is an important determinant of a firm’s success. As it can be
difficult to objectively assess workers’ contribution to firm value, informal and self-
enforcing agreements are often used to motivate them (Ahammer et al., 2023; Fahn
et al., 2023; Macchiavello and Morjaria, 2023). Then, firms also need incentives
to comply with such an agreement, which is particularly challenging if replacing a
worker is not difficult. Therefore, by determining available alternatives, the tightness
of labor markets affects not only workers’ but also firms’ incentives. Whereas the
efficiency wage literature has improved our understanding of workers’ incentives to
exert effort, the role of labor market tightness for firms’ incentives to compensate
workers as promised is less well understood.

This paper studies how labor-market tightness shapes the design of informal
incentive systems and the optimal wage setting of firms. In particular, we take into
account that a higher labor supply increases a firm’s chances to fill a vacancy, and
consequently its temptation to replace a worker instead of compensating him for his
effort. Then, firms may find it optimal to endogenously increase the cost of turnover
by paying newly-hired workers a rent. The resulting higher commitment allows
firms to provide stronger incentives and thus can raise profits. Investigating the
interaction between labor market tightness and turnover costs, we explore conditions
under which a higher supply of homogenous workers can increase compensation, a
result that differs from both the standard competitive model of a labor market as
well as efficiency wage models. We also demonstrate that discrimination against or
the exclusion of one group of workers can be consistent with profit maximization,
even though all workers are identical in terms of skills or productivity. In such
an equilibrium, an appropriate minimum wage can reduce discrimination on labor
markets and generate positive employment effects.

These results are based on the channel that firms “voluntarily” pay a rent to
workers if a vacancy can readily be filled. We argue that this equilibrium outcome

is preserved by a social norm determining which group of market participants — for



example, firms or male/native workers — benefits most from informal incentives.
Thereby, we follow Greif (1994), MacLeod and Malcomson (1998), or Ghosh and
Ray (2023), who suggest that social norms can serve as a selection device in settings
where multiple equilibria exist. Indeed, Lemieux et al. (2012) and Breza et al. (2021)
report that social norms may sustain high wages which are above the market-clearing
level.

Setup: Our analysis is based on an infinite-horizon model of an industry with
many workers and firms. We build upon MacLeod and Malcomson (1998) and
extend their model by introducing a general matching friction on the labor market
and allowing for continuous (instead of binary) effort. In every period, each firm
can employ exactly one worker. We assume that a firm with a vacancy is randomly
matched with an unemployed worker with probability a!’, which increases in the
extent of unemployed workers and decreases in the extent of open vacancies. With
probability 1 — af, the vacancy remains open until the next period. If a firm
is matched with an unemployed worker, the firm makes a take-it-or-leave-it offer
which contains an upfront wage and a discretionary bonus potentially paid after a
worker’s effort choice.

Informal Incentives: Effort increases the firm’s revenues but is costly for work-
ers. Although formal (i.e., court-enforceable) incentive contracts are not feasible, a
worker’s effort is observable to his employer. Given this, a firm must use a relational
contract to motivate a worker, in which not only the worker has to be incentivized
to exert effort, but also the firm has to compensate the worker as promised (i.e., a
contract must be self-enforcing).

Labor Market Tightness and Turnover Costs: A firm which reneges on a
promised payment is punished by the employed worker who subsequently does not
exert effort anymore. Still, a firm can replace a worker after reneging and start a
new employment relationship.! In this case, a firm can make a credible promise

only if such turnover is sufficiently costly. Because a vacancy causes a production

'We exclude multilateral punishments as in Levin (2002) by considering a setting in which
deviations cannot be observed by non-involved parties.



loss, a lower probability of filling a vacancy a!" increases the cost of turnover. Con-
versely, when of is high, the temptation to start a new relationship is large and
(ceteris paribus) reduces the willingness to compensate for effort. Then, it can be
optimal for a firm to pay a rent to newly employed workers — to endogenously in-
crease turnover costs and thereby its own incentives to reward a worker. Inspired by
Kandori (1992), Greif (1994), and MacLeod and Malcomson (1998), we suggest that
such an equilibrium is selected and sustained by a social norm that lets new workers
who are offered a lower wage exert zero effort even if it exceeds their reservation
wage. The resulting increased commitment of firms allows for higher equilibrium
effort and lets employed workers’ payoffs be strictly positive. Therefore, different
from approaches with one principal and one agent such as MacLeod and Malcom-
son (1989) or Levin (2003) where each player’s reservation payoff is exogenously
given, equilibrium transfers can affect the relationship surplus. Nevertheless, the
increased commitment comes with a cost because a firm needs to pay a rent even
to a worker whose predecessor has left for exogenous reasons. The optimal level of
total turnover costs balances a firm’s commitment with such equilibrium costs, in
which case equilibrium effort is below the first best.

The Effect of Higher Labor Supply on Wages: A higher labor supply
increases af and makes it easier for firms to fill a vacancy. This generates two
countervailing effects if o is high. On the one hand, because of the self-enforcing
nature of contracts, each firm has an incentive to increase compensation to keep the
total turnover cost (and consequently equilibrium effort) constant. On the other
hand, a higher labor supply reduces the chances of unemployed workers to find a
job, which in turn lowers a worker’s outside option. The latter “efficiency-wage”
mechanism puts downward pressure on workers’ compensation, so the total effect
of an increased labor supply is ambiguous. We show that it is positive if o’ is not
too high and the amount of firms is fixed. Furthermore, if the amount of firms is
endogenously determined by a zero-profit condition (subject to an entry cost), the
resulting entry or exit of firms keeps workers’ outside options constant. Then, the

effect of a higher labor supply on the compensation and utility of employed workers



is unambiguously positive (neutral) if the matching function exhibits increasing
(constant) returns to scale. As most evidence points towards either increasing or
constant returns to scale matching functions (Petrongolo and Pissarides, 2001), our
results imply non-negative wage effects of a higher labor supply if firm entry is
endogenous.

For lower values of of, workers are not paid a rent because the commitment
provided by the low chances of filling a vacancy is sufficient. Effort is below the first
best for intermediate values of o/, and at the first best for low values of o/ In the
former case and with a fixed amount of firms, a higher labor supply increases each
firm’s profits but reduces equilibrium levels of effort and compensation. Allowing for
firm entry, however, effort and compensation are pushed up to their original levels.
In the latter case, effort and compensation are unaffected by a!’, but higher profits
due to a lower turnover cost yield firm entry.

We argue that our result that an increase in the labor supply may not reduce
(and even increase) compensation is consistent with empirical observations that we
discuss in Section 5. For example, wages have been found to be downward rigid even
if a recession increases the supply of labor, and a widespread rationale is a negative
effect on worker morale (Campbell and Kamlani, 1997; Bewley 1998; 1999). While
previous theoretical explanations for this link directly assume that wage reductions
hurt worker morale, we show that it can be the consequence of a relational contract
as analyzed in this paper. Our argument is further strengthened by the negative
effect on worker morale only being observed for non-verifiable effort dimensions and
in long-term employment relationships, as well as for new hires.

Moreover, an abundance of evidence beginning with Card (1990) has found that
immigration does not necessarily worsen the labor market conditions for native
workers. Although recent studies mostly focus on heterogeneity in worker skills,
there is evidence that immigration can benefit native workers even when they work
on the same kinds of, mostly low-skilled, tasks. Different from these studies, our
mechanism also builds upon firms having wage-setting power, which is in line with

recent evidence (Manning, 2003; Dube et al., 2020; Manning, 2021), as well as the



discussion by Card (2022) who emphasizes the importance of studying optimal wage
setting of firms in labor markets. On top, we present evidence for non-negative wage
effects of immigration in the informal sector in which relational contracts seem to
be particularly relevant.

Discrimination Equilibrium and Minimum Wages: In Section 4, we show
that labor-market discrimination can be sustained in profit-maximizing equilibria.
We derive a discrimination equilibrium in which a majority group of workers (called
“Insiders”) is treated better than a minority group of workers (called “outsiders”),
although both groups of workers only differ in a payoff- and productivity-irrelevant
label. The discrimination equilibrium exists because only the expected rent paid to
a new worker determines a firm’s commitment, and it is not important how this rent
is allocated among different identities. Therefore, it is possible that the rent only
benefits insiders (provided the share of outsiders is not too large). We argue that
such a social outcome — favoring one dominant group (e.g., male or native workers)
over another, smaller, group (e.g., female or immigrant workers) — is potentially
sustained by a discriminatory social norm (Onuchic, 2023).

We then show that a carefully chosen minimum wage can reduce discrimination.
If a minimum wage is set between the original wage levels of insiders and outsiders,
the latter benefit whereas the former are worse off. Interestingly, such a minimum
wage also increases employment if we allow for firm entry/exit, because it reduces
insiders’ outside options and thus has a positive effect on firm profits.

We also briefly discuss a different kind of discrimination, namely that one group
of workers is completely excluded. Thereby, firms can collectively increase their
profits by effectively reducing of. This may be optimal because positive wage
effects of a higher labor supply are equivalent to higher worker outside options and
therefore smaller industry-wide profits (on the level of an individual firm, a reduction
of o’ would not increase profits because workers’ outside options are taken as given).
A potential way to implement such an outcome is to require higher formal degrees
for jobs than warranted by the desired skill set. We present evidence for such

“credentialism,” which, in particular, has been identified for jobs where relational



contracts are relevant.

Evidence and Discussion: In Section 5, we provide a more detailed discussion
of evidence on informal incentives, downward wage rigidity, non-negative wage effects
of a higher labor supply, and discrimination in labor markets. In Section 6, we
conclude with discussing the robustness of our model when allowing for positive
worker bargaining power as well as other forms of endogenous turnover costs. The
proofs of main results are in the Appendix. All other proofs and further numerical

examples are in the Online Appendix.

Related Theoretical Literature

The standard model of the competitive labor market involves homogeneous-skill
workers and no incentive problems between firms and workers; as labor supply goes
up, the equilibrium wage goes down (or stays constant after capital has been ad-
justed). Efficiency-wage models of the labor market acknowledge the need to incen-
tivize workers and assume that this is obtained by a combination of wages above the
market-clearing level and a firing threat (Shapiro and Stiglitz, 1984; Yellen, 1984;
MacLeod et al., 1994). There, a higher labor supply reduces workers’ payoffs once
they become unemployed, thus motivates them to work harder, and firms decrease
wages in response. Hence, this “efficiency-wage effect” predicts that a higher labor
supply reduces equilibrium wages. Incorporating a general and smooth labor-market
friction af’, we highlight that a higher labor supply can reduce a firm’s credibility
when making promises, to which they might optimally respond by increasing work-
ers’ compensation.

MacLeod and Malcomson (1998) take into account that incentives to workers
are often informal and performance pay (such as bonuses) might be used to provide
incentives. If firms are on the short side of the market, standard performance pay
is not possible because firms would fire and replace workers when supposed to pay
a bonus. In this case, firms pay workers a rent to motivate them, which is costly

because such a rent has to be paid to new workers as well. Their mechanism involving



endogenous turnover costs also appears in our model. Because the labor market
in MacLeod and Malcomson (1998) is frictionless (firms can fill a vacancy with
probability one if there is unemployment), however, a higher labor supply either
reduces or has no effect on wages.

Yang (2008) extends the setting of MacLeod and Malcomson (1998) by assuming
that turnover is costly. He demonstrates that higher (exogenous) turnover costs
reduce total wage payments and unemployment. Fahn (2017) assumes that firms
and workers bargain about the terms of the employment relationship. Workers’
incentives increase in their bargaining power, thus a minimum wage can increase
effort and consequently the efficiency of employment relationships.

We also contribute to the theoretical literature on labor market discrimination,
i.e., pay differences that are not fully accounted for by productivity differences. No-
tably, different from taste-based or belief-based discrimination, discrimination in our
model arises as a profit-maximizing equilibrium.  This result can be categorized
as a "discriminatory social norm" (see Onuchic, 2023, who provides an excellent
survey covering recent theoretical contributions to the discrimination literature).
Starting with the seminal work by Kandori (1992), a number of studies such as
Eeckhout (2006) or Peski and Szentes (2013) have investigated discrimination or
segregation among homogeneous players (except for observable, non payoff-relevant,
characteristics) in repeated interactions. To the best of our knowledge, our mech-
anism — where endogenous (expected) turnover costs take the form of rents from
which some workers get more than others — is new to the literature. By this mech-
anism, minority members may be hired at worse terms than the majority group in
a profit-maximizing equilibrium. Moreover, several features of our equilibrium can
be tested, e.g., outsiders work harder than insiders and the equilibrium social norm

cannot be sustained as the amount of outsiders becomes large.



2 Model

Setup There are a mass F' > 0 of firms and a mass N > 0 of workers. We first
assume that F' is exogenously given; we endogenize it in Section 3.3. All workers
and firms are risk neutral. There are infinitely many periods ¢t = 1,2, ..., and all
players have a common discount factor 6 € (0, 1).

Workers and firms either are part of a match or not, and each firm can employ
exactly one worker. At the beginning of every period, unmatched players enter the
labor market.

To describe the matching process, we use a general matching function m( f;, n;)
that indicates the mass of new jobs created in period t, where f; is the mass of
firm vacancies and n; is the mass of unemployed workers in period t. Assume that
m(fi,ny) is strictly increasing in each argument and its second partial derivatives are
strictly negative. We also assume that m(0,n) = m(f,0) =0, nh_}nolom(f, n) = f, and
fh_glom(f, n) = n; these assumptions imply m(f,n) < min{ f, n}, thus indicate labor
market frictions. In specific examples of the matching function we analyze below,
m(f,n) exhibits either constant or increasing returns to scale, for which there is
substantial evidence as summarized by Petrongolo and Pissarides (2001).

In period ¢, each unmatched firm can fill a vacant job with probability af =
m(fi,n¢)/ fi, and an unemployed worker finds a job with probability o = m(f;, ns)/ns.
Once matched, each firm i can make a take-it-or-leave-it (TIOLI) offer to its worker.?
Formally, the offer made by firm 4 consists of an upfront wage w! € R and the promise
to pay a discretionary bonus b € R. If a worker rejects the offer, he receives his
(exogenous) outside option of zero, the match separates, and the firm and worker
can re-enter the matching market in the subsequent period. If a worker accepts the
offer, he receives w;. Then, the worker exerts effort e € R, incurring effort costs
c(el) = (el)?/2. After observing the worker’s effort, firm i decides whether to pay a

discretionary bonus bi. Then, workers and firms simultaneously decide whether to

2This is motivated by the evidence that firms may have considerable wage-setting power even
in thick labor markets (Manning, 2021, Card, 2022). We discuss general levels of bargaining power
between firms and workers in Section 6.



leave the current match or not, and the match is separated if one (or both) of them
chooses to leave. All workers and firms who are not part of a match re-enter the
labor market. At the end of a period, each worker (whether part of a match or not)
leaves the market with exogenous probability (1 — ), after which his utility is zero.
To keep the size of the labor force constant, we assume that (1 — )N new workers
enter the labor market at the beginning of every period. The timing within a period

is summarized in the following graph:

Mat(I:hing Contrlacting Effort Choice and Potential
Bonus-Payment Decision Separations

The effort of firm 4’s worker, e}, generates firm 7’s revenue e:f, where 6 > 0. Note

that if a firm and a matched worker acted as a single entity, they would maximize
el — c(el).
Let ef'B denote the resulting effort the first best, which equals e = ¢/(ef'B) = 0.

Contracts, Strategies, and Equilibrium Concept We consider situations in
which effort as well as per-worker output can be observed by both the firm and
the worker, but not by anyone outside the respective match. Hence, no verifiable
measure of the agent’s performance exists, and incentives can only be provided
informally, i.e., with relational contracts.

We assume strategies are contract specific in the sense of Board and Meyer-
Ter-Vehn (2014): actions of firms and workers do not depend on the identity of
the worker, calendar time, or history outside the current relationship.® Contract-
specific strategies imply that firms’ and workers’ strategies cannot condition on any
outcomes of other matches, i.e., multilateral relational contracts as in Levin (2002)

are not feasible. We focus on pure strategies.

3In Section 4, we analyze asymmetric equilibria based on a worker’s group identity.
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The equilibrium concept we apply is social equiltbrium. This concept describes a
subgame-perfect equilibrium, which is restricted by the assumptions that strategies
are contract-specific.? We derive social equilibria that maximize the profits of an
individual unmatched firm, taking the behavior of other firms as given. Among these
equilibria, we consider those that are (constrained) Pareto optimal.® We focus on
the stationary steady state, which allows us to omit time subscripts. In the proof of
Proposition 1, we show that this stationarity assumption is without loss of generality
for all periods other than the very first period t = 1.

Three remarks are in order. First, our setup is based on the model of MacLeod
and Malcomson (1998) and extends it by the introduction of labor market frictions
and continuous (in contrast to binary) effort. Second, although our equilibrium-
selection assumption might look strong, in Section 6 we argue that (constrained)
Pareto optimality can be generated in a bargaining setting akin to Miller and Watson
(2013), where individual choices are made non-cooperatively but bargaining follows
the cooperative Nash-bargaining regime. In such a model, our results survive as long
as a firms have considerable bargaining power. Third, the compensation structure
— an upfront wage and a bonus paid at the end of a period — is assumed for
simplicity and does not have to be taken literally. For example, the bonus could
also be paid in the form of a salary at the beginning of the next period or correspond
to future promotion opportunities, without changing expected payoffs and any of the
constraints derived below. The only important feature is that the bonus is contingent
on the worker exerting equilibrium effort, i.e., that it is tied to the worker keeping

his job.

4The equilibrium concept is called social because a player’s optimal strategy will depend on
the strategies of all market participants including the ones a player never interacts with, as the
possibility of a re-match determines everyone’s effective outside option.

5In Section 6, we discuss equilibria that may involve money burning.
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3 Analysis of Symmetric Equilibrium

We start with analyzing a symmetric profit-maximizing equilibrium (unless an equi-
librium has negative profits, in which case a fraction of randomly determined firms
are not active as analyzed below); see Section 4 for an asymmetric equilibrium.
There, any deviation from equilibrium behavior would lead to the static Nash equi-
librium with zero effort and zero payments in the respective match; thus, such a
match is separated at the end of a period. This is optimal by Abreu (1988) who
shows that any observable deviation should trigger the highest feasible punishment

for the defector.

Equilibrium Payoffs The discounted utility stream of an employed worker in the
stationary steady state equals

V =v+~4dV,

where v = w + b — ¢2/2 is an employed worker’s per-period utility. Note that
discounted continuation utilities are multiplied by v because workers might leave
the market for exogenous reasons with probability 1 — ~, then having a utility of
zZero.

The utility of an unemployed worker is denoted by V* and equals V* = o™V +
5v(1 —a™)V¥, where o = m(f,n)/n is the probability with which an unemployed

worker finds a job. Rearranging yields

OéN

- 1—57(1—04N)V

Vu

A matched firm’s expected profits are denoted by Il and an unmatched firm’s

expected profits are denoted by I1%:

M=efd—b—w+d§[yII+ (1 —~)IY],

I = o+ 6 (1 — o) 11,
where af' = m(f,n)/f is the probability with which an unmatched firm can fill a

12



vacancy. Rearranging yields

e [1-6(1—a")] (e —b—w)
Q=6 [1=d0y(d—-a")]
af (e — b —w)

(1=0)[1=d0y(1—-a")]

" =

3.1 Benchmark: Formal Contracts

We first analyze a benchmark case in which formal short-term contracts on an agent’s
effort are feasible. Let e“ denote the equilibrium effort under formal contracts.
Then, paying b = c(e“) and w = (1 — dy) V* maximizes profits. Furthermore,
V% = 0 in the symmetric equilibrium. A firm keeps the full social surplus e“8 —c(e®)

¢ = eFB is implemented. This holds

and specifies €“ to maximizes the surplus, so e
irrespective of the values of af and o, therefore a change in N has no effect
on a worker’s compensation. Because firms can find a replacement with a larger

probability if a worker leaves for exogenous reasons, their profits increase in V.

3.2 Characterization of Equilibrium with Constant F

This subsection investigates optimal contracts when the mass of firms F' is exo-
geously given. We first pin down the two sets of conditions that must hold in
equilibrium, for the market to be in the steady state as well as for the worker and

firm of an individual match to play best responses.

Market Conditions Denote f* > 0 as the equilibrium mass of unmatched firms
and n* > 0 as the equilibrium mass of unemployed workers in the stationary steady
state of the labor market. Then, the mass of unmatched firms as well as unemployed
workers at the beginning of a period must be the same as at the end of a period,
ie, ff=>01-a")f*+ 1 —9)(F - f)and n* = (1 —a™)n* + (1 —7)(N — n*).

Equivalently,

13



By using of = m(f*,n*)/f* and o = m(f*,n*)/n* and hence o f* = a™n*,

we obtain

1— g 1-— NN
OéN — ( 7)04 and CYF — ( 7)04 ) (2)
Nl —vy+af)—af'F F(l—~v4aV)—a"N

We first demonstrate comparative statics with respect to N and F":

Lemma 1

oot 0oV oot 0alN

o7 on <O on or v

These results follow basic intuition: An increase in the total labor force (holding
F' constant) raises the number of unemployment workers n and makes it easier for
firms to fill a vacancy, whereas the increased competition makes it more difficult for

an unemployed worker to find a job.

Individual Match Conditions Next, we specify the conditions that must hold
for an individual match. First, it must be in the worker’s interest to exert the
agreed-upon effort level. Consider a deviation in which the worker chooses zero
effort (which naturally is the optimal deviation). In this case, the worker does not
receive the bonus and the respective match splits up, so the worker’s continuation
utility equals oyV*". It follows that equilibrium effort e* must satisfy the agent’s

incentive compatibility (IC) constraint,
—(e*)?)2+ b+ 5V > sV (IC)

Second, as an employed worker’s utility must be at least as high as his outside

14



option V*, the following individual rationality (IR) constraint must hold:®

V> (IR)

N

Note that even though V* = ;—5-4— -~V holds in equilibrium and o™ < 1, (IR)

cannot be omitted. This is because V* is regarded as exogenous by each firm.
Third, a firm must pay a bonus as promised. If the firm reneges and refuses

to pay the equilibrium bonus at the end of period ¢, the match splits up and both

parties re-enter the matching market. Therefore, the maximum enforceable bonus

payment is given by a dynamic enforcement (DE) constraint,
—b+ 0yl + §(1 — ~)II* > oII*. (DE)

There, we also have to take into account that even if a firm pays the bonus, its

worker might leave for exogenous reasons with probability 1 — ~. Because

(1—af) (ef —b—w)
(1=dy(1—=a")) -

Im-1Ir=

(DE) becomes
b<dy(1—a") (e —w). (DE’)

(DE’) describes the maximum bonus the firm can credibly promise in a relational
contract. Intuitively, a high bonus may not be self-enforceable because a firm has
an incentive to renege and go for a potential new match. Holding other parameters
constant, (DE’) is more difficult to sustain as af" is larger. Also, sticking to its
current match has to be optimal for a firm on the equilibrium path, requiring évII +

(1 — ~)oIl* > §II* and hence IT > I1*. Given b > 0, this condition is implied by

6(IR) captures that, at the end of period ¢t — 1, the worker stays only if he expects to receive
(at least) V* in the following period. Note that at the beginning of period ¢, the firm could also
deviate by offering a contract with V' € [69V*, V) (here, éyV* constitutes the worker’s outside
option from the perspective of period ¢, because he would have to wait until the next period before
potentially finding a new match). As both parties choose to leave the match upon any deviation,
however, such a deviation is not profitable for the firm; then the worker would collect the wage,
choose e;4+1 = 0, and leave the match.

15



(DE) and hence can be omitted.

Our objective is to characterize an equilibrium in which firms maximize IT%
subject to the above constraints.” Propositions 1 and 2 state how varying N affects
equilibrium effort and the utility of workers if we hold F' constant. By Condition (1),
under a fixed F', there is a one-to-one relationship between N and the probability of

finding a new worker o' in the steady state (and of increases in N by Lemma 1).

Proposition 1 (Optimal Informal Incentives) There exists a profit-mazximizing

equilibrium with @ = 1/2 such that

a) For of > @, equilibrium effort is e* = 6v0, and a worker’s utility is positive,

e, V>V">0.

— If N > F at o =1/2, then all firms are active for o' > a.

— Otherwise, there exists & € (1/2,1) such that a fraction of firms are

inactive for of € (a,a] and that all firms are active for af > a.

b) For o < @, equilibrium effort is e = min{2(1—al") 676, "B}, Each

worker’s utility is zero (i.e., V. =V" =0), and all firms are active.

Because formal contracts are not feasible, a firm’s promise to reward a worker
for his effort must be credible. As explained above, a worker who does not receive
a promised payment responds by not exerting effort anymore. Different from “stan-
dard” relational-contracting models with one principal and one agent, a reneging
firm can replace a worker and start over. Therefore, in our setting the future re-
lationship surplus which determines enforceable effort in a relational contract also
depends on the cost of turnover. This link between relationship surplus and turnover

costs manifests in effort increasing in § and ~.%

"Note that our main results would qualitatively hold if the objective was to maximize II, the
profits of a matched firm. However, maximizing IT* allows us to (without loss of generality) focus
on stationary contracts. If we maximized II instead, it would be optimal to treat workers in the
first period of their employment spell differently than in later ones. Thus, maximizing IT* simplifies
our exposition without affecting the core of our results.

8For af’ > @, effort is e* = §70; for o < @ but sufficiently high for effort being below ef'?,
effort is e* = 2 (1 — ') §70. Thus, de*/ds, de* /d~ > 0 in both cases.
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One form of turnover cost stems from labor-market frictions which reduce the
chances of finding a replacement. If frictions are small so that of > @ (case a)),
firms use another, endogenous, mechanism to make turnover costly by granting new
workers a rent as in MacLeod and Malcomson (1998) or Fahn (2017); thus, firms
do not utilize their wage-setting power to fully extract the relationship surplus.” If
N > F at af = 1/2, then all firms are active, pay such a rent, and make positive
profits for any af" > @ = 1/2. If N < F and all firms were active on the market, then
they would make negative profits for a!" slightly above 1/2. Hence, there does not
exist a profit-maximizing equilibrium in which all firms are active; instead, some
firms must become inactive to increase the effective o’ and secure non-negative
profits for the rest, in which case all firms make zero (expected) profits.!°

Such an equilibrium with endogenous turnover costs particularly makes use of the
term “social” in social equilibrium. The productivity of a firm’s current relationship
depends on the costs of starting a new relationship in the future — although potential
new workers can’t observe anything about the firm’s past. The social equilibrium
specifies that workers regard an offer with a lower rent as a deviation, thus firms have
an incentive to compensate their workers as promised. Put differently, this social
equilibrium involves a norm that high wages are paid independent of a worker’s
tenure.!! In a development context where employment contracts are mostly informal,
such norms have been identified by Breza et al. (2021), who find that unemployed
workers do not accept offers below the prevailing wage.

If of is sufficiently small, the presence of the labor-market friction alone is
sufficient for firms to honor their promises (case b)). Then, firms make use of their

wage-setting power and leave no rents to workers. Furthermore, equilibrium effort is

9In the equilibrium, workers receive a positive upfront wage in every period. It is costly for
firms because — unlike payments made later on — the wage paid in the first period of a worker’s
employment cannot be used to provide incentives. This is different from Levin (2003), where
outside options are exogenously given and the relationship surplus is orthogonal to transfers.

10Tn the proof, we show that a profit-maximizing equilibrium for N < F and of > @ where all
firms do not pay a rent also does not exist. This is because an individual firm would find it optimal
to deviate and pay a rent to induce its worker to exert higher effort.

HSee Kandori (1992), Ghosh and Ray (1996), Kranton (1996), MacLeod and Malcomson (1998),
or Ghosh and Ray (2023), for more detailed discussions about the role of norms in related settings.
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equal to efB. For intermediate o, the bonus is as high as feasible given of’, effort
is below ef'Z and determined by a binding (DE’) constraint.

Therefore, the structure of the optimal informal incentive system depends on
the extent of labor market frictions which determine the size of the (future) rela-
tionship surplus. With small of" (by small N), which implies high frictions and a
large relationship surplus, incentives are strong and solely provided by the bonus.
At intermediate levels of a!’, effort is reduced, but still only the bonus is used which
keeps all rents with firms. For high af’, effort stays constant and a rent is paid in
the form of a positive upfront wage w (see Proposition 2 for more detailed com-
parative statics). This structure resembles that of Li and Matouschek (2013) or Li
and Matouschek (2023). The similarity arises because both consider how different
instruments can be used to sustain the optimal relational contract: when the (fu-
ture) relationship surplus becomes smaller, the relationship first adjusts via lowering
effort, but later on, it adjusts by giving rents.

Generally, the optimal level of turnover costs for firms would balance higher
incentives that can be provided in a current relationship with the costs of starting
new relationships later on. For of" < @, equilibrium turnover costs are “too large”
because firms cannot reduce them if workers’ rents are zero. For o > @, equilibrium
turnover costs are at the optimal level for an individual firm and equilibrium effort is
below efZ. This is because, at e/Z, having marginally smaller endogenous turnover
costs (with a lower effort level) would increase the firm’s profits. Moreover, by the
response of its competitors, endogenous turnover costs are more expensive for a given
firm than the exogenous costs stemming from labor-market frictions — because the
former also increases an employed worker’s outside option. Therefore, at of = @,
turnover costs are at that optimal level and the profits are maximized; for higher

al’| effort is the same as at @, but the rents for workers reduce the profits.'?

12Even though it is optimal for each individual firm to pay a rent to its workers if of > @, it
still takes the behavior of its competitors as given. If our objective was to maximize industry-wide
profits, we would have to take into account the negative externality a firm imposes on others by
paying workers a rent. Then, the threshold of paying a rent would be higher than a.
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Examples Here, we present two examples of matching functions, exhibiting either
constant (Example 1) or increasing (Examples 2) returns to scale. See the Online
Appendix for more details and further examples.

Example 1. Suppose m(f,n) = (1 — e_klf) f, which is discussed in a review
article by Petrongolo and Pissarides (2001). It exhibits constant returns to scale
and implies of = (1 — e*kn*f). For example, when £ = 2 and v = 0.8, N/F = 1.11
at @. Hence, workers are paid a rent once the total workforce exceeds the available
jobs by 11%.

Example 2. Suppose m(f,n) = (1 — e*k%) f, which is also discussed in a
review article by Petrongolo and Pissarides (2001). It exhibits increasing returns
to scale and implies o’ = (1 — e‘k%). For example, when £ = 2 and v = 0.8,
N/F = 1.06 at @. Hence, workers are paid a rent once the total workforce exceeds

the available jobs by 6%.

3.3 The Consequences of a Higher Labor Supply

We now conduct comparative statics with respect to the mass of workers N. We
first analyze the case in which the mass of firms F' is exogenous. We then study an

extended model in which F'is endogenously determined by free entry of firms.

3.3.1 Comparative Statics with a Fixed Mass of Firms

Proposition 2 presents comparative statics with respect to N, which depend on the

threshold @ = 1/2 derived in Proposition 1:

Proposition 2 (Comparative Statics with Constant F') Suppose that F is ez-

ogenously given and that all firms are active.

a) Fora® >1/2, the effort level e* is unaffected by N, whereas total compensation
w* 4+ b* and an employed worker’s utility V' may increase or decrease. Both of

them increase in N if o is sufficiently close to 1/2.
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b) Foral <1/2,V is unaffected by N. For intermediate values of o such that
e* < ef'B w* + b* decreases in N; for small values of ol such that e* = ef'B,

w* 4 b* is unaffected by N.

For o' > @ = 1/2, an employed worker’s compensation and utility can increase
in the supply of labor (case a)): A higher N directly increases o, which raises an
employed worker’s compensation and utility. This is because total turnover costs
are at their optimal level for an individual firm if of > @, thus a higher o lets
firms increase a worker’s rent to the same extent. There is also a negative indirect
consequence, however: Akin to the well-known efficiency wage effect (Shapiro and
Stiglitz, 1984), the probability of finding an alternative job (i.e., a!V) decreases. The
positive direct effect dominates the negative indirect effect if a!” is sufficiently close
to @, because then the worker’s outside option is relatively small.

When of” < @, the labor market friction is larger than optimal from an individ-
ual firm’s perspective (case b)). Therefore, if N goes up, firms fully “utilize” the
decreased friction and request lower effort in response to their reduced commitment.
Because V" = 0, there is also no indirect effect on the outside option. As effort goes
down, the worker’s compensation goes down as well. If frictions are so high that
ef'P is implemented, effort is independent of N.

Examples We now present conditions for w + b to increase in N for the examples
introduced above.

Example 1 (continued). Suppose m(f,n) = (1 —e #7)f. When k = 2,
v =038, and § = 0.9, w* + b* and V increase in N from of = 0.5 to of = 0.8,
which is equivalent to N/F € [1.11, 1.43], and decrease in N for of" > 0.8. Hence,
a worker’s compensation increases in the labor supply when the total workforce
exceeds all available jobs by 11%-43%Otherwise, the compensation decreases in N.

Example 2 (continued). Suppose m(f,n) = (1 — e’k%) f. When k = 2,
v =0.8, and § = 0.9, w* + b* increase in N from o = 0.5 to of’ = 0.75, which is
equivalent to N/F € [1.06, 1.075]. Hence, a worker’s compensation increases in the

labor supply when the total workforce exceeds all available jobs by 6%-7.5%.
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Figure 1 displays wage, bonus, and total compensation as functions of a" (which

itself is increasing in N), for Example 1 with £ =2, 0 =1,0 =0.9, and v = 0.8:

Figure 1 — Effort, total compensation, wage, and bonus:

e

w+b

Figure 1 not only illustrates that compensation can increase in of and thus
N, but also the structure of the optimal informal incentive system: With low o,
incentives are strong and only the bonus is used. As af goes up, the bonus and effort
are reduced. As soon as @ is reached, effort stays constant and a further increase in
af (i.e., areduction in the relationship surplus) makes it optimal to gradually replace
the bonus with a fixed wage. Hence, different from many relational contracting
models, there is no monotonic relationship between effort and future relationship
surplus.

These results are based on the assumption that F'is fixed. We next demonstrate
that a higher labor supply never has a negative effect on a worker’s compensation if
F is endogenously determined by free entry, and if the matching function exhibits

non-decreasing returns to scale.

Comparative Statics with an Endogenous Mass of Firms

Suppose that there exists a sufficient pool of potential entrant firms, and each of them

can enter the industry by paying a one-time entry cost K > 0 at the beginning of the
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game. The zero-profit condition requires — K +II* = 0; moreover, 9I1*/0F < 0 must
hold for an equilibrium to exist because otherwise, additional firms would enter.
Before discussing comparative statics, we first explore potential equilibria for
each K. Let K > 0 denote a maximum value for which firms will enter the market. K
is determined by the highest profits that can be achieved, which occurs at af” = 1/2.
The reason is that of” = 1/2 is associated with the optimal turnover cost and does
not grant workers a rent. For all K € [0, K ), there are two potential equilibria,
one with o < 1/2 and one with o’ > 1/2; in the proof of Proposition 3, we show
that an equilibrium with of” < 1/2 always exists, and an equilibrium with o" > 1/2
exists for all K € [K K ) , where K depends on the matching function and K > 0.
Thus, K = 0 is possible, in which case the latter equilibrium exists for all K < K.
To conduct comparative statics with respect to NV, we take into account that the
free-entry condition implies that any change in N must be balanced by a change in

F' to keep II* constant:

o ot L dF _ ol'/oN

M= 55 OF dN — 9I“/OF’

yielding the following results:

Proposition 3 (Comparative Statics with Endogenous F') Suppose that F is
endogenously determined by free entry subject to the entry cost K > 0. Then, an

equilibrium exists if and only if K < K.

a) There is K € [O,f() such that an equilibrium with of > 1/2 exists for all
K e [K K ) In this equilibrium,

i) If m(f,n) exhibits increasing returns to scale, then the effect of a higher
N on total compensation w* + b* and an employed worker’s utility V' is

positive: d(w* +0*)/dN > 0 and dV/dN > 0.

i) If m(f,n) exhibits constant returns to scale, then d(w* +0b*)/dN = 0 and
dV/dN = 0.
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iii) If m(f,n) exhibits decreasing returns to scale, then d(w* + b*)/dN < 0
and dV/dN < 0.

b) In addition, an equilibrium with of < 1/2 exists for all K < K. In this

equilibrium, w* + b* and V' are unaffected by N.

In the equilibrium with o > 1/2 (case a)), IT* = [ef — c(e)/dy — (1 — 6v) V¥] / (1 — 0)

by Proposition 1. Therefore, free entry keeps an unemployed worker’s utility V* con-
stant, and the effect of a higher N on an employed worker’s compensation w* + b*

and utility V' is determined by the sign of

dot" 0ot ot dF

AN ~ N T ar an

i.e., by the total effect of an increase in labor supply on a firm’s probability of filling
a vacancy. In the proof of Proposition 3, we show that da!"/dN is positive (resp.
negative) if the matching function exhibits positive (resp. negative) returns to scale
in m and f.

In the equilibrium with o < 1/2 (case b)), the direct effects of a higher N on
effort and compensation are offset by free entry. Thus, a higher N does not affect
effort and utilities.

Proposition 3 shows that, under endogenous F', the consequences of a higher N
on an employed worker’s compensation w* + b* and utility V' are always (weakly)
positive if the matching function exhibits non-decreasing returns to scale. Indeed, a
review article by Petrongolo and Pissarides (2001) states that most empirical studies
support either constant or increasing returns to scale.

To conclude this section, let us briefly discuss when we should expect an equi-
librium with o above @ = 1/2 under free entry. Proposition 3 shows that an
equilibrium with of" > @ exists if the entry cost K is sufficiently high, which may
capture a less competitive labor market for firms. Besides, while we do not take a

F

general stand as to whether an equilibrium with high or low o is more likely, we

would argue that high levels of of” would be observed particularly in markets which
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experience a discrete increase in labor supply (for example, by immigration). This
is based on the interpretation in which comparative statics with constant F' would
describe the short-term, endogenous I’ the long-term consequences of a higher labor
supply. In addition, firms’ adjustments would typically not be immediate, thus a
labor supply increase pushing of" above @ followed by gradual responses of firms

would likely yield a new steady state level of af” > @.

Examples

We now present conditions for w + b to increase in N for the examples introduced
above.

Example 1 (continued). Suppose m(f,n) = (1 — e*%)f where k£ > 1. As
the matching function exhibits constant returns to scale, a higher labor supply does
not affect an employed worker’s compensation and utility under all parameters. If
k = 1, an equilibrium with of > 1/2 exists for all K € [O,f(} and v € (0,1). If
k =2 and v = 0.8, an equilibrium with of > @ exists for K € [0.72[(, f(]. There,
the total workforce must exceed all available jobs by 33%, which implies o > 0.71.

Example 2 (continued). Suppose m(f,n) = (1—e*¥) f. As it exhibits
increasing returns to scale, a higher labor supply increases an employed worker’s
compensation w* + b* and utility V in an equilibrium with o > 1/2. When k = 2
and v = 0.8, an equilibrium with o > @ exists for K € [0.76!%, f(] There, the

total workforce must exceed all available jobs by 26%, which implies of’ > 0.63.

4 Labor Market Discrimination and Minimum Wage

So far, our model has delivered a norm-based explanation for positive wage effects
of a higher labor supply, with outcomes for all workers being the same. Now, we
show that a profit-maximizing “discrimination equilibrium” also exists in which one
(majority) group receives a persistent wage premium over another (minority) group,
although both groups are identical, i.e., are equally productive and have the same

(exogenous) outside option. Even if a firm wanted to deviate from such discrimi-
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nation, doing so unilaterally would be costly. Again, we argue that social norms,
potentially shaped by historical developments, may determine whether a symmet-
ric, non-discriminatory, equilibrium is played, or instead an equilibrium in which one
large group (such as male or native workers) is treated better than another small
group (such as female or immigrant workers). In the discrimination equilibrium, we
also show how a minimum wage can mitigate such labor market discrimination.

Suppose that there are two kinds of workers, “insiders” (the majority group) and
“outsiders” (the minority group). These identities can be distinguished by firms
but all workers are otherwise identical. We assume that a firm with a vacancy
is randomly matched with a worker, hence targeted search is not possible. We
adopt a matching function for heterogeneous agents as presented by Petrongolo and
Pissarides (2001).

Only firms with an open vacancy can be matched with workers, so it is not
possible for a matched firm to look for another type of worker unless it breaks
up the current match. Then, presuming that insiders are not aware of the jobs
outsiders apply for (Petrongolo and Pissarides, 2001), and that n® is the mass of
unemployed outsiders and n! the mass of unemployed insiders, the matching function
for outsiders is m(n®, f) and the aggregate matching function is m(n® + nf, f).1?

o

Denoting a vacant firm’s probability of being matched with an outsider by of© and

of being matched with an insider by af”, and an unemployed outsider’s (insider’s)

matching probability by a¥¢ (a™1), we have
NO m(nva) NI m(no+n17f) _mO(nO’f>
o =, (6% = )
n® n!
OZFO — m(novf) OZFI: m(n0+nlaf)_m(novf)
fo f ’

131f a firm may come across multiple workers within a period (by slightly extending our model),
then the firm can pick whom it decides to hire. In this case, a firm will choose a worker randomly
if workers are in the same group but prefers outsiders over insiders. Therefore, the above matching
function already anticipates our later results of an equilibrium in which insiders are better off but
generate (weakly) lower profits than outsiders.
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and
o I
m(n® +n',
F ( f) FO | FI

f

Now, a firm’s profits when hiring an insider are II7, and II® when hiring an

«

outsider. Therefore, an unmatched firm’s expected profits are

" =o' 4+ a"°1° +6 (1 — o) I
aFIHI + aFOHO

T1-0(1—af)

4.1 Discrimination Equilibrium

We study characteristics of a discrimination equilibrium and focus on an equilibrium
that, among equilibria that maximize individual firms’ profits, is best for employed
insiders. As a starting point, consider a situation with no outsiders (and in which all
insiders have the same arrangement), and with af7 above the threshold @ derived
in Proposition 1. In this situation, insiders are paid a rent, and profit-maximizing
effort is below the first best.

Compare this to a situation in which outsiders are also present. Importantly, a
firm’s optimal behavior is not uniquely determined, because only ezpected turnover
costs when starting a new relationship matter. Thus, besides a symmetric equilib-
rium with identical outcomes for insiders and outsiders, profit-maximizing equilibria
in which outsiders’ payoffs are lower can also exist. There, lower payments to out-
siders ceteris paribus increase a firm’s profits with outsiders and hence must be
accompanied by higher rents for insiders to keep expected profits for an unmatched
firm constant. The best feasible arrangement for insiders involves firms’ profits with
outsiders to be as high as possible. As long as the mass of outsiders N is small,
such an equilibrium pushes outsiders’ payoffs to their outside option of zero and
implements an effort level either at ef'? or determined by a firm’s binding dynamic
enforcement constraint. In either case, an outsider’s effort € is strictly larger than
an insider’s effort el (which is still characterized by e/ = §v0). Thus, outsiders

might work harder but earn less than insiders.
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Proposition 4 (Discrimination Equilibrium) Suppose that o1 > 1/2 and all
firms are active at NY = 0. For sufficiently small N° > 0, there exists a profit-

mazimizing discrimination equilibrium which favors insiders:
a) Insiders’ effort is el = 570 and VI > V¥ >0,
b) Outsiders’ effort is e© > el, w° =0, b° = ¢(e?), and VO = V40 = 0.
¢) Less insiders are employed than when N© = 0.

If N© is sufficiently large, there does not exist an equilibrium in which the payoff of
insiders is strictly higher than the payoff of outsiders.

Proposition 4 characterizes an equilibrium in which the presence of a sufficiently
small share of outsiders increases unemployment among insiders, but those who have
a job are better off than without outsiders. Moreover, a higher outside option and
seemingly lower productivity of insiders can emerge endogenously in a discrimination
equilibrium. Note that insiders’ effort in the discrimination equilibrium is the same
as in the above symmetric equilibrium. Thus, the higher effort of outsiders implies
that average productivity is highest in the discrimination equilibrium which maxi-
mizes insiders’ payoffs. Finally, if the share of outsiders is sufficiently large, there is
no profit-maximizing equilibrium in which insiders are treated better than outsiders.

In this sense, our result speaks to discrimination against a minority group.*

4.2 Discrimination as a Collusion Device

So far, we have described how a norm that discriminates against outsiders benefits
insiders. Such discrimination effectively manifests in a redistribution from one group

to another, leaving individual firms indifferent. Now, we discuss a different form of

14Note that our mechanism is different from the insider-outsider theory of labor markets pro-
posed by Lindbeck and Snower (1988) or Lindbeck and Snower (1989); there, “insiders” (employed
workers) utilize extra bargaining power to push their wages above the market-clearing wage; this
bargaining power is due to turnover costs which prevent replacement with cheaper “outsiders”
(unemployed workers) who consequently face involuntary unemployment.
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discrimination which relies on the exclusion of a group of outsiders and benefits
firms. In the following, we discuss such a case without formally modelling it.
Recall that, if of" > @ and compensation increases in IV, then profits decrease in
N. Therefore, while a change in its o would not affect the profits of an individual
firm (holding the behavior of all other firms and therefore workers’ outside options
constant), a reduction of the effective labor supply could increase industry-wide
profits which are maximized at o’ = @. Thus, assume that collectively excluding
outsiders would increase industry-wide profits. Such a discrimination equilibrium
can be sustained if a firm that is matched with an outsider has no incentive to hire
him (hiring an outsider would be profitable if the firm could employ him at the same
conditions as insiders). For example, the outsider could regard any offer as a norm
violation and not exert effort, making it optimal for the firm not to grant an offer in
the first place. Alternatively, if the outsider expected to be compensated in future
periods, he may be willing to exert effort. Then, however, he should assume that
the firm keeps hiring outsiders also in the future and consequently faces a higher o’
— which would require a higher compensation to keep total turnover cost constant.
Therefore, an exclusion equilibrium in which the effective af" is reduced because
some workers are not considered certainly exists. Moreover, using exclusion as a
collusion device may even be easier to sustain than collusion over consumer prices

because of the potentially smaller benefits of a deviation.

4.3 Discrimination and Minimum Wage

Even though there is discrimination on labor markets, many societies have the objec-
tive to achieve more equal outcomes. Given the discrimination equilibrium described
above, however, fighting discrimination would be costly for an individual firm. Re-
ducing w! would cause insiders to not exert effort and leave the firm, and increasing
w® would increase the firms’ cost. As such society-wide norms are difficult to change,

a question is whether labor-market policies can reduce discrimination or not. We

demonstrate that minimum wages can be an effective tool to achieve this objective.
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Assume a minimum wage w which serves as a lower bound on a worker’s total
compensation, w + b. Because b is discretionary, the upfront-wage w must exceed

w.

Proposition 5 (Minimum Wage) Consider the discrimination equilibrium in Propo-

sition 4. There exists w > 0 such that the following holds for w € [0,w):

o

a) The minimum wage binds for outsiders but is slack for insiders: w° =w < w!.

b) An increase in w

1

— reduces w! as well as V!, but increases VO and w®;

— (weakly) reduces e©;

— increases 11" and consequently employment if F is endogenous.

In the best profit-maximizing equilibrium for insiders, w! > w®. A minimum
wage in between them reduces the gap between w! and w®. This is not only caused
by an increase in w?, but also by a reduction of w’, thus outsiders are better off
and insiders are worse off. Moreover, the minimum wage increases profits because
insiders’ outside options are reduced. Therefore, if F' is endogenously determined by

a zero-profit condition, employment effects of such a minimum wage are positive.!®

5 Evidence and Applications
This section presents empirical research and other evidence related to our results,

as well as potential applications of our model.

5.1 Prevalence of Informal Incentives and High Wages

Informal and self-enforcing agreements are prevalent in employment and business

relationships in developing (Macchiavello, 2021; Macchiavello and Morjaria, 2023) as

151f the minimum wage is sufficiently high for w! = w® to hold, a further increase lets both
wages (and utilities) go up. A related model in this symmetric case is investigated by Fahn (2017),
who shows that a higher minimum wage increases equilibrium effort and surplus.
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well as developed (Gibbons and Henderson (2012); Ahammer et al., 2023) countries.
As a specific example, in a survey 20.7% of freelancers in Japan answered that they
did not receive any formal contract from firms (i.e., terms and conditions of work
— including payments — were agreed only informally), as many of the relations
are (anticipated to be) renewed.'® In a different survey conducted by the Cabinet
Secretariat in Japan, the amount of people performing full-time freelance work was
estimated at 2.1 million in February 2020 and expected to further rise. Moreover,
consistent with the equilibrium outcome of our model, even though firms have sub-
stantial bargaining power, the average annual income of the full-time freelancers is

higher than the national average.'”

5.2 Downward Wage Rigidity

There is plenty of evidence that wages are downward rigid even if a recession in-
creases unemployment and thus the supply of labor (Campbell and Kamlani, 1997;
Bewley 1998; 1999). A main cause for firms’ reluctance to cut the wages of (new
and existing) employees even with excess labor is a negative effect on their morale
(Bewley, 1995), which managers fear will increase turnover and reduce employees’
effort (Campbell and Kamlani, 1997; Bewley, 2007). Although plenty of theoretical
explanations exist for this link, those are based on worker preferences directly re-
stricting a firm’s wage setting and flexibility by assuming that wage reductions lead
to a decline in morale and effort (Solow, 1979; Akerlof, 1982; Akerlof and Yellen
1988; 1990).

Our framework can provide an alternative explanation for downward wage rigid-
ity that is also due to firms fearing a negative effect on effort (and seemingly morale).
However, we do not have to assume such a link, instead it is the consequence of a

norm that sustains a profit-maximizing equilibrium in a market with abundant labor

Yhttps://blog.freelance- jp.org/wp-content/uploads/2020/06/2020_0612_hakusho.
pdf (accessed on February 22, 2024).

"https://www.cas.go.jp/jp/seisaku/atarashii_sihonsyugi/freelance/dail/siryou9.
pdf (accessed on February 22, 2024).
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(i.e., if N is sufficiently large for o > @). For example, if F is endogenous and the
matching function characterized by constant returns to scale, the compensation of
new and existing workers does not respond to changes in N. Further strengthening
our point, the literature is based on cases in which relational contracts seem relevant:
The effort reduction caused by low morale does not affect the performance of routine
tasks; instead, it is about doing the “extra thing”, helping each other, making good
suggestions Bewley (2007), or the quality with which services are provided (Camp-
bell and Kamlani, 1997). Moreover, downward wage rigidity, in particular for new
hires, was only observed in long-term employment relationships with low turnover

(Bewley 1995; 1998; 2003) which are prerequisites for relational contracts.!®

5.3 Non-Negative Wage Effects of a Higher Labor Supply by

Immigration

The immigration literature has extensively analyzed the effects of a higher labor
supply on wages. While a number of empirical studies lends support to the canonical
model of the labor market and finds negative wage effects of immigration (Borjas,
2003; Borjas, 2017), many papers identify either no or even positive wage effects
(Card, 1990; Winter-Ebmer and Zweimdiiller, 1996; Peri, 2007; Ottaviano and Peri,
2012; Peri and Yasenov, 2019)

To explain these findings, the literature has mostly focused on heterogeneity
in worker skills — in particular between immigrants and native workers — and
that native workers are able to switch to jobs with different skill demands (see Peri
and Sparber, 2009, Ottaviano and Peri, 2012, or Peri, 2016). Then, immigration
generally has positive effects on high-skill and negative effects on low-skill native
workers. While such an approach explains the effects of immigration on some wages,

recent evidence points towards non-negative wage effect even among low-skill native

8Note that a “standard” relational contracting model with exogenous outside options could
also generate downward wage rigidity by specifying that any change of compensation is deemed a
violation of the relational contract. However, making such a relational contract independent of the
external environment would clearly not be optimal. Moreover, it would be much more difficult to
explain downward wage rigidity for new hires.
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workers who do not switch tasks in response to immigration (Foged and Peri, 2016;
Clemens and Hunt, 2019; Tabellini, 2019).

We argue that labor-market norms might cause non-negative wage effects in
settings with homogeneous workers who are incentivized by relational contracts.
Although the relevance of relational contracts is often difficult to assess, those should
be relevant if the legal system firms operate in is weak. Indeed, evidence points
towards non-negative wage effects in these cases. For example, Fallah et al. (2019)
investigate the impact of the Syrian refugee influx on labor market outcomes in
Jordan. They find that employment and unemployment were unaffected, whereas
hourly wages went up. Altindag et al. (2020) analyze the inflow of Syrian refugees
into Turkey. These refugees mostly work in the informal sector, where they caused
job losses among natives. Those natives who kept their jobs, however, experienced
wage increases. Both observations are in line with our discrimination equilibrium
(for which we present additional evidence below), which is further supported by
Syrian refugees receiving lower wages and working more hours relative to Turkish

workers.

5.4 Discrimination in Labor Markets
5.4.1 Gender Pay Gap

A huge literature has explored the existence and potential causes of a gender pay
gap. While a big part of the gap can be explained by fundamental differences such as
experience, human capital, or personality traits, a substantial unexplained gender
difference remains (Blau and Kahn, 2017). Regarding potential explanations for
the unexplained part of the gap, Blau and Kahn (2017) argue that the “formation
of norms |...] is a potentially fruitful area of research that has received relatively
little attention by economists”. In our model, a norm that selects an equilibrium
which benefits a majority group of workers or excludes a minority group can lead to
discrimination on labor markets. Note that the norm arises as a profit-maximizing

equilibrium, thus a unilateral deviation is not profitable. Hence, even when a norm
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might be the consequence of direct discrimination in the past, it can survive after
other causes of discrimination have vanished.

In line with our result that discrimination in favor of insiders is only possible if
their share is large, there is evidence that occupations with a high share of female
workers have smaller gender pay gaps. Analyzing data from the British Office for
National Statistics, the HR software provider Ciphr found that the gender pay gap
is almost absent for full-time care workers where 73% of the workforce are women.
Some female-dominated occupations even pay women more than men, including
occupational therapists, credit controllers, special educational needs (SEN) teach-
ers, HR officers, and publicans. To the contrary, the occupation with the largest
pay gap is financial managers and directors, where 64% are men. Large gaps also
exist in male-dominated occupations such as programmers/software development
professionals.'® As a further example, the Australian Workplace Gender Equality
Agency (WGEA) regularly analyzes gender pay gaps, using remuneration informa-
tion supplied by employers in the Census to calculate employer gender pay gaps.
For 2023, the WGEA stated that the Australian gender pay gap was significantly
larger in male- than in female-dominated industries (76% of employers in male-
dominated industries have gender pay gaps in favour of men, compared to 41% in
female-dominated industries; WGEA, 2024).

We also show that a minimum wage can reduce discrimination on labor markets.
Indeed, Blau and Kahn (2000) emphasize the role of the minimum wage as an in-
strument that helped reduce the gender pay gap. Additional evidence is provided by
Blau and Kahn (2003) who explore the role of minimum wages for reducing the gen-
der gap in 22 countries. They identify a negative correlation between a gap and the
extent to which a minimum wage binds. Importantly, the reduction of the pay gap is
not only driven be an increase in female-dominated sectors, but can also be observed
within sectors. For example, Majchrowska and Strawinski (2018) observe that min-

imum wage increases in Poland between 2006 and 2010 substantially reduced the

Yhttps: / /www.ciphr.com /infographics /gender-pay-gap-statistics-2023, accessed on March 2,
2024.
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gender wage gap, with the reduction being especially pronounced for young workers.
Their results are obtained controlling for firm size, education level, industry as well
as occupational group. Battisti et al. (2018) find that the introduction of a national
minimum wage in Ireland in 2000 decreased the gender wage gap at the bottom of
the wage distribution, and this result is not affected when including occupation and
industry dummies.

In our setting, the minimum wage not only increases outsiders’ wages, but also
reduces insiders’ wages. Although positive spillover effects have been observed in and
explained by firms wanting to preserve their wage distribution, there also is evidence
that a minimum wage can cause negative spillover effects.?’ Analyzing the British
minimum wage, Stewart (2012) finds that the minimum wage reduced wage growth
for levels slightly above. Neumark et al. (2004) observe that non-immediate spillover
effects are negative. Hirsch et al. (2015) argue that wages above the minimum wage
increase less than they would without such a lower bound.

Note also that our model predicts positive employment effects of a minimum
wage. Excellent surveys such as Belman and Wolfson (2014) and Schmitt (2015),
as well as recent work by Cengiz et al. (2019), state that there is no evidence for a
systematic negative employment effect of a (moderate) binding minimum wage. In
our model, positive employment effects are a side effect of reduced discrimination,
in that it increases the costs of employing one group and decreases the costs of

employing another group of workers, with the latter dominating.

5.4.2 Discrimination against Immigrant Workers

There is evidence that immigrant workers face discrimination. For example, Kerr
and Kerr (2011) find that immigrants are paid less than natives even when con-
ducting the same kinds of tasks, and this wage gap — although declining over time
— persists in the long run. Furthermore, Battisti et al. (2018) analyze the conse-

quences of immigration in 20 OECD countries and observe that, for each country

20An alternative explanation for negative spillover effects of a minimum wage is provided by
Fahn and Seibel (2022).
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and skill level, native workers are paid higher wages than immigrants. They discuss
that natives’ wage premia can be driven by either productivity differences or higher
outside options. They rationalize their observations with a search-and-matching
models of the labor market, where the reservation wages of immigrants are smaller
by assumption. Moreover, positive effects of immigration on native workers’ wages
rely on both, task complementarity between native and immigrant workers and the
creation of new jobs.

Our paper endogenously generates a higher outside option of native workers, and
furthermore higher effort of immigrants. The latter is consistent with Dustmann
et al. (2012), who argue that the extent of positive wage effects of immigration
for some skill levels can be explained by productivity differences only if immigrant

workers are more productive than natives and face a wage discount.

5.4.3 Discrimination and Credentialism

We have discussed two kinds of discrimination equilibria, one in which insiders re-
ceive preferential treatment and one in which outsiders are completely excluded.
One could argue that, in many countries, such discrimination based on observable,
non-productivity related, characteristics is in breach of anti-discrimination legisla-
tion. Even if this is the case, though, governments or firms can use indirect means
to support such discrimination. One way is to require certificates or qualifications
that are not warranted by the job requirements alone. For example, some countries
impose high barriers on the recognition of foreign certificates. Because pay is often
related to official qualifications, immigrants may receive less pay even when doing
the same tasks as natives.

Moreover, an exclusion equilibrium can be sustained by such barriers which may
even be built by firms themselves. One form is “credentialism” (or credential in-
flation), i.e., employers require higher formal degrees for jobs than warranted by
the desired skill set. Such credentialism restricts the relevant labor pool, makes it
more difficult to fill vacancies and thereby easier to sustain a relational contract. If

it reduces wage payments and the outside options of workers, industry-wide prof-
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its will go up. Indeed, evidence points towards credential inflation among service
jobs where relational contracts seem relevant. For example, a study by the Burning
Glass Institute (BurningGlass, 2014) compared the education levels of U.S. workers
with the education levels currently demanded for the same occupation, and found
significant evidence for credential inflation. While these observations can partially
be explained by an increased complexity of certain jobs, the skill requirements in
other occupations that have experienced credential inflation — in particular, those
in which some dimensions of performance (e.g., service quality) are hard to verify —
have not changed. Those include jobs such as I'T help-desk jobs, insurance claims
clerks, executive secretaries, many HR roles, or supervisors of mechanics and in-
stallers. Related to our endogenous turnover costs, BurningGlass (2014) state that
increased formal standards not related to the job duties substantially increase the
time it takes to fill a position. Similar observations have been made by a Harvard
Business School study (Fuller and Raman, 2017), for which the authors conducted
a survey among 600 business and human resource leaders. They find substantial
evidence for credential inflation among jobs with hard-to-measure performance such

2 4

as “supervisors of production” “secretaries and administrative assistants,” or “super-

7

visors of blue-collar workers.” Moreover, with more stringent formal requirements
(even if unrelated to necessary skills), employers take substantially longer to fill a

vacancy.

6 Discussion and Conclusion

This paper has investigated how labor-market tightness affects market outcomes
under informal incentives. To conclude, we discuss the robustness of our model with
a focus on two dimensions: general bargaining power between a firm and a worker,
and alternative forms of turnover costs.

First, we discuss the consequences of workers having positive bargaining power in
wage negotiations. In this case, outcomes would rely on the exact specification of the

bargaining process, whether disagreement payoffs are determined by separation or
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only by non-production (as in Hall and Milgrom, 2008), and to what extent renego-
tiation would happen. Here, we discuss one particular setting which is motivated by
dynamic bargaining approaches such as Ramey and Watson (1997) or Fahn (2017).%!
Assume that, at the beginning of a period, a firm and a worker bargain over how
the relationship surplus is shared. The relationship surplus contains the expected
discounted sum of payoffs generated in this relationship (i.e., (e — c(e)) / (1 — §v))
minus disagreement payoffs. Disagreement would cause a termination of the match
and let both players enter the matching market in the subsequent period. The bar-
gaining outcome would determine a worker’s minimum payoff, which however could
unilaterally be increased by a firm; thus, in equilibrium utility levels of workers
would be higher than their bargaining outcomes if this also increased firms’ profits.
Suppose also that any deviation from equilibrium behavior leads to a termination
of the employment relationship.

Given this setting, endogenous turnover costs still increase a firm’s commitment
and induce workers to exert higher effort. However, a positive bargaining power also
provides incentives for workers to exert higher effort — because they want to remain
employed to secure the associated rent in the future. If this rent is sufficiently high, a
“voluntary” increase by firms is not profitable. But if the bargaining outcome is not
sufficient to implement firms’ desired effort, it remains optimal to increase the costs
of turnover by paying workers an additional rent. The latter case is more likely
if workers’ bargaining power is low or if of is high, because a high of increases
a firm’s disagreement payoff and thus reduces the relationship surplus. Then, a
higher labor supply will continue to increase an employed worker’s compensation,
making his bargaining power effectively irrelevant in determining his payoff. To
the contrary, if bargaining outcomes would determine equilibrium payoffs (i.e., if

F

worker bargaining power was large or o' small), an increase in N would reduce a

worker’s compensation via the negative effect on his disagreement payoffs. Therefore,

21Those are hybrid models where individual choices are made non-cooperatively but bargaining
follows the cooperative Nash-bargaining regime and deviations cause a termination of the relation-
ship. See Miller and Watson, 2013 for an axiomatic foundation.
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we would predict negative wage effects of a higher labor supply in markets where
workers are paid their marginal productivities, and non-negative or even positive
effects if firms have the power to set the terms of employment.

Second, we discuss the specific form of endogenous turnover costs. Individual
firms would be indifferent between increasing a worker’s compensation (as in our
setting) or using different measures, for example letting workers temporarily reduce
their effort or conduct inefficient trainings, or “money burning” that destroys sur-
plus.?? To assess a firm’s credibility, though, it is necessary for workers to observe
the realization of turnover costs. Thus, we would argue that the safest way for
firms to ensure this is using options such as wages or effort reductions. It remains
to discuss why, to make turnover more costly, firms do not use effort reductions
in early periods instead of higher wages. Effort reductions would actually increase
industry-wide profits, because workers’ outside options would be zero throughout.
However, if we extended the model slightly by introducing a product market where
prices decrease in total output and a single firm has an impact on market outcomes
(for example by making F' discrete), paying higher wages would dominate effort
reductions for individual firms. The reason is that a rent paid by one firm increases
workers’ outside options in other firms. By doing so, production becomes more
expensive for other firms, which would consequently reduce their employment and

output. Thus, this adverse effect on other firms increases the firm’s profits.

228ee Carmichael and MacLeod (1997) and McAdams (2011) who demonstrate that inefficiencies
in the early periods of repeated interactions with anonymous re-matching might be needed to
sustain cooperation later on.
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Appendix
Proof of Lemma 1:
By Condition (1), of" = m(f*,n*)/f*, and o = m(f*,n*)/n*, f* and n* are

characterized by

U)o m(fn)
Fol-q—y=% ¥ 1)

The implicit function theorem yields

_ _m’ﬂ(f7n)
1 (1—)
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df R = B (1 ST ) -
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-1 ({Ey)) - (1£f7)) 1+ (1=) T (1=)
_my (fm) -1 mn (f,n)
(1-7) (1-7)
_m‘fl(fvn)
0 f=n
_ 1 _ ma(fin) mn (f,n)
daf — R () _ (1) <0
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(1=7) (1-7)
my(f.n) mf<f,n>)
dn _ _ (i) <0 dn (1 Ty 50
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Hence,

daF - mf(f7 n)f - m(fv n) df mn(fa n) dn
dF 72 aF T ar
_ il —mg) (14 5E8)
£ (1 )
dOéF _ mf<f7 Tl)f - m(f7 n) df mn(fa n) dn
iN 72 Nt oan Y
da™  my(f,n) df  myu(f,n)n—m(f,n)dn
dF n dF * n?2 aF = 0
da¥  my(f,n) df  mu(f,n)n —m(f,n) dn
dN n W+ n? dN

where all inequalities hold by the assumption that the second partial derivatives of

m(f,n) are negative, which implies m;(f,n)j — m(f,n) <0 for j € {f,n}.

mld =g (14 55)

m (f’n) m’ﬂ(f7n)
n? (H T T (1—7))

Y

Proof of Proposition 1:

Here, we first show that our stationarity assumption is without loss of generality.
By standard arguments, stationary arrangements are optimal from the second period
of an employment relationship. In the first period, however, wages might be different
(if first-period effort or bonus were different than later values, the problem could be
transformed into one that is payoff equivalent but in which only wages differ). Let
w; denote the wage paid in the first period of an employment relationship and w

denote the wage paid in all later periods. Then, the optimization problem is

max [[* =

af e — b — wy + 07 (wy — w)]
1-6)A=by(1=af)
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subject to

—e*/24+ b+ dyw — 5y (1 —6y) V" >0 (IC)
—b—l—éfy[(l—aF)eG—l—ale—w]ZO (DE)

wy (1 —67) +wdy+b—e?/2—(1—5y)V*>0 (IR1)
wHb—e?/2—(1-0y) V>0 (IR)

To show that it is (weakly) optimal to set w; = w, assume to the contrary that
there is a profit-maximizing equilibrium with w; > w. Then, we can reduce b by dve
and increase w by e. This operation leaves I1*, (IC), (DE), and (IR1) unaffected,
but relaxes (IR). The opposite operation, increasing b by ¢ and reducing w by d~e,
can be applied if w; < w, thus it is weakly optimal to set w; = w. Note that this
holds for all periods except the very beginning of the game.

Therefore, (IR) is implied by (IR1) and can be omitted. The Lagrange function

becomes

ol [ed — b — w)
1=6)1—=dy(1-a"))

+ A [—€*/2 4+ b+ dyw — 67 (1 — 6v) VY]

£:

+ Ape [=b+ 07 (1 —a”) (ef — w)]

+ Mg [wHb—e€*/2—(1—6y) V"],

with first-order conditions
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oL af
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(1-67) of = (1-8) 670 Ao

AR =

= ApE = A1¢

(1—=dy(1—=a”))’ 1-6)1A—-dy(1-a"))

Note also that, if \;c = Aprg = 0, then A\;g > 0. Therefore, we have the
following three cases: 1) A;¢, A\pp > 0 and A\;gp = 0, 2) A\;o, \pg, A\rg > 0, and 3)
Aic = Apg = 0 and A\;g > 0. We analyze each of them in turn.

Case 1: A\jc, \pg > 0 and A\;p = 0.

Now,

af' — (1 =6) dvat Me

MRS A=y (1—aF)) "
N
TN T 5) 0y
Ay — (1—-194v)

(1—=dy(1—a")(1-6)dy’

and effort is characterized by e = §v6. Moreover, binding (IC) and (DE) constraints

yield
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Moreover, w = [
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The consistency requirements are V' > V* and V* II* > 0. Regarding the

former, let us first assume that the latter holds. Then,

0y (e — (1 —d07) V") — c(e)
0y (e — (1 = dy) V)

V>Vr o o >

Due to symmetry, V* = 0 at the threshold. Hence, this case is optimal for

c(e*) e* 1

- =1- =,
dye*d 20760 2

Regarding V%, II* > 0, note that (2) leads to o' > o < N > F. By (3) and (4),
N > Fis required for V' (and V") to be positive. It remains to show that, if N > F,
I1* is also positive, which requires 1 — 2a”¥ > 0. Because o’ = F(lg;ﬁjﬁ;vjfw < by

(2), F/N = 2221 o holds at o = 1/2. Note also that

1—y+alN

1-2a" >0
=20 <1
S2-27)a" <1—v

B -29)aN <1 —v+a"

3—2y

mo& < 1.

Hence, oV < 1/2 if and only if N > F at of' = 1/2. Because 8a > 0 and 2%~ z <0
by Lemma 1, if N > F at of" = 1/2, then all conditions are satisfied for all of" > 1 / 2.

If N < F at af = 1/2, then for the o above 1/2 which do not satisfy the
consistency conditions V' > V* and V* II* > 0, some firms become inactive to
secure non-negative profits for each active firm. To see this, given N and F, let
F > 0 denote the mass of active firms in the market. Because of > oV & N > F
is required for IT and II* to be non-negative, £ < F must hold: some firms must
be inactive in the market. Because such an inactive firm would choose to be active
if active firms earned strictly positive profits, in the steady state F is determined

by II* = 0 and hence 1 — 2o = 0. By Lemma 1 and the assumptions on the
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matching function, there exists such £ € (0, F). Finally, let & € (1/2,1) denote the
value of o when 1 —2aY = 0. It is straightforward to confirm that the consistency

conditions are satisfied for af” > &, and hence, all firms are active for o > a.

Case 2: A\j¢c,A\pg >0 and \jp >0

Binding (IC) and (DE) constraints yield

(L= Vi+er/2—0y(1—al)ed

w =

dyal’
dyed — e?/2 — 5y (1 — o) V¢
b:(l—aF) oF
_ w1 (1 —oF
:>w+b:57(1 ) Ve[l = (1—af)dy]
oyat
[1—6y(1—af)]e?/2—0v(1—al)ed (1—d7)
+ ;
oyal

The binding (IR) constraint delivers V' = V* = 0 and equilibrium effort which
is characterized by v (1 — ) e*§ — €*/2 = 0, thus

e* =2(1-a") 0. (5)

Finally, incorporating (5) yields

%) 2 . O F\ %
w:(e)/Q v (1 a)eQIO’
dyal

b :(e;) =2(1-a")* (540)2,

w o (e —c(e))
B ==y a =m0z am)

F F
_ ,af (1-a")
= 200 —(1—6)

Case 3: ANic = A\pg = O, Air >0

Now, e* = ef'® = . This case holds if

FB 1 1
04F<1—C(6 ) 1 (<—),

dyel'Bo T 26~ 2
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then

w =0,
92
b FB —
COEES
T — 62ar

Finally, we show that in Case 1 with N < F at o = 1/2, a profit-maximizing
equilibrium in which all firms are active and workers are not paid a rent (derived in
Cases 2 or 3) does not exist. In Case 1, we have already shown that an equilibrium
with N < F does not exist if all employed workers receive a rent. Suppose, toward
a contradiction, that all firms do not pay a rent. Then, an individual firm would

find it optimal to increase wages to secure e = 6. This is because the profits are

I = W in Case 1, whereas II* = 25792% in Case 2. These two
profits are the same at of” = 1/2, and the former is strictly larger than the latter
for any o > 1/2. Given that all other firms do not pay a rent, a worker’s outside
option is V* = 0, thus an individual firm would profitably deviate by paying a rent

and generating profits in Case 1 — a contradiction. Therefore, a profit-maximizing

equilibrium requires some firms to be inactive in such a case. ]

Proof of Proposition 2:
We compute comparative statics separately for the cases af’ > @ (workers are

paid a rent) and of < @ (agents receive no rent)

1. o >@

Note that e* = §v0 if af > @ by Proposition 1. Hence, de*/da’ = 0, and
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(957)2%702 (22 =1) [(1=67) (1 =7+ )N —af (1 —~5(2—7)) F]

Wb = 21—~ +aF) (N = F)aF
d(w*+0b") 2 (o F 1—dy(1—a")
>y - et =) s A (VS et
(1-07)N (1-=79(2=7)) F (3 =27)] da”

+ 6" 2(aFP(N-F) 2(1-~v+af)’(N-F) ] dN’

This term can either be positive or negative. However, at of =@ =1/2,

d (w* + %) _os 92(1 —7)[2(1 = 69)N +406F] + (1 — 6v) (N — F) da™

an (N —F)(3—2) AN’
which is positive for N > F because daf’ /dN > 0 by Lemma 1. Finally, as
de*/dat = 0, an employed worker’s utility V' = (w+b—¢€%/2) /(1 — &) moves

into the same direction as w* -+ b*.

2. of' <@

By Proposition 1, an employed worker’s utility is V' = 0 in this case, so it is unaf-
fected by N. Moreover, w* + b* = b* = c(e*).
Suppose first that o is sufficiently close to @ so that e* =2 (1 — a¥) 670 < "'
Then,
de* da* d (w* + b*) de*

e da” i
N - 2y <0 AN )N

< 0.

Suppose second that of is so small that e* = ef® = . Then,

de*_d(w*—l—b*)_()
dN  dN 7

Proof of Proposition 3:
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Existence of equilibrium under free entry We first establish for which levels
of of' (and consequently N and F) an equilibrium exists. There, we take into
account that 11" = K and OII*/OF < 0 must hold under free entry. If the latter
was violated, more firms would increase the profits of an individual firm, causing
additional entry and a reduction of af.

First, note that the highest individual-firm profits can be achieved at @ = 1/2:
ZaF(l—ozF)é'yGQ
(1-9)

which case they equal §v6?/2 (1 — §). For o > 1/2 (and provided N > F, i.e., as

For of' < 1/2, profits are IT* = and maximized for of = 1/2, in
shown in the proof to Proposition 1, all firms are active — if there was a range with
some inactive firms, I[I* would have to be zero anyway which is clearly smaller than
6v62/2 (1 — 6)), profits are IT* = % —(1—=4v) V“] /(1 —§). This are maximized
for V* = 0, in which case its value is 76%/2 (1 — §) as well. Therefore, the maximum

level K that is associated with an equilibrium is

576>

f(:m.

For all entry costs smaller than K, there may be an equilibrium with o < 1 /2
and another equilibrium with o > 1/2. In the following, we explore whether the
condition OII*/OF < 0 is satisfied for each candidate equilibrium.

In a candidate equilibrium with of" < 1/2, the profits are

2o (1 — aF) 5v6?

=0y

thus

oI 2676 (1 —2a%) da”
OF — (1-9) OF

Because 0ol /OF < 0, OI1*/OF is non-positive for all of” < 1/2, thus this equilibrium
always exists.
In a candidate equilibrium with of > 1/2, N > F must hold; otherwise, as in

the proof of Proposition 1, some firm must be inactive (and II* = 0). Assuming
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af >1/2and N > F,

o (- vh

="

which 1mphes <0< 22 > 0. Since

(22 = 1) (1 —~)F
2(1=d7) 1=~y +al)(N-F)

Ve =§v6*

oV 562 (1 —7) 271N B3-29)F da”
OF — 2(1=67) |(l—y+a)(N=F)??  (1—~+aF)*(N—F) OF

must be positive, i.e., the first term in the squared bracket must exceed the sec-
ond term (in absolute values). Note that OV*/OF < 0 when of = 1/2, whereas
OV¥/OF > 0 when N/F — oo and hence o’ — 1. Thus, given N > F, there exists
an equilibrium for of” sufficiently close to 1. If o’ is slightly above 1/2, 911“/0F > 0,
and hence additional firm entry would reduce of” until o becomes lower than 1/2,
thus an equilibrium with o close to but above 1/2 does not exist. In terms of
values of K that are consistent with an equilibrium with of > 1/2, note that, for
N/F = 00, TI* — 3205 = K.

Lastly, we derive the condition in which an equilibrium with o > 1/2 exists.

At K = 0 or equivalently IT* = 0, 6v6%/2 — (1 — 6) V* = 0, thus
(1-v+a")N—Fa"(3—2y)=0.

There,

ove 0> (3—29) af N 1 dar
OF  2(1—07)(2aF —1) |[F(1—7) (1—~+af) oF

which can be positive or negative. Therefore, either an equilibrium with of > 1/2
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exists for all K € [ , }, or there is K < K such that such an equilibrium only
exists for K € [ K’]

Comparative Statics with respect to N We again distinguish between o <
1/2 and of > 1/2, where in the latter case we presume that the above equilibrium

is played, and conduct comparative statics for each case separately.

1. of >1/2
Recall that, in the proof of Proposition 2, we have shown that

579 —(1=dy) V™

)
5 02(1—~y+a )N — Fa’ (3 —2y)
2(1=0)(1—y+al)(N—F)’
Ve g0 (22 = 1) (1 —~)F

2(1l=6y)(1—y+af)(N—-F)
Moreover,

(L =67) V(1= (1—al)dy)
oyal

208 — 1407 (1 —af)

b=
W 20yal

+ (070)?

20



Thus

d(w +b) (1-— 57)21/“ (aaF dat dF)

AN~ (aF)? ON " OF aN
. (1=67) (1= (1—aP)dy) ave
af dN
,(L—=108v) (0al  dal ar
ETYPYr (aN OF dN
(=) (1= (1—a") o) dve
B af dN
(1=09) (9a" 0a"dF\ [690° Y
ey \on Taran) |2 TV
(=) (1-(1—a") ) dve
B af dN

+

(1 —6v) (0ar GaFd_F B "
(aF)* \ ON T oFay ) O

The free-entry condition indicates that IT* = [@29—2 —(1—4dv) V“] /(1—=0) = K
must always hold, hence dII*/dN = 0. It follows that dV*/dN = 0 as well, and

d(w+0b) (1—10v) (0ar 0dar dFY\ _,
v 0 g v tarav )T

Therefore, the sign of d (w + b) /dN is identical to the sign of

dot 0ot 9ot dF

AN ~ N T 9F dN

with

dF  oI"/ON
dN ~— Ol“/OF
__9V"/ON
-~ OVv/OF’
where 0I1"/OF < 0 and thus 0V*/0F > 0 in equilibrium.

Moreover,

o1



J

ove  6y0* (1 — ) (20" —=1) N N (3—-2y)F dat
OF — 2(1—67) |(1—v+a")(N=F)>  (1—~+aF)*(N—F)OF

oV oy0*(1 — ’y)F B (228 - 1) (3 —27) 9aF
ON 2(1—07) (I-—y+a")(N=F)?? (1—~y+aFf)>(N—F)ON |’
LG o Ul Ste) (2aF — 1) PN ) L OV SR
ON 2(1—67) (1—~+aF)(N—F) ool | T QF ool
Thus
(1—7) (207 1) 2l gyu 2oL
i N amma e re (F +N %) = OF B
o o
dN a‘;
and o
(1—’)/) 2at —1 BaF aaF
dat’ 57922(1767)(17'y+aF)(N7F)2 (FW + NW)
dN gV ‘
I3

Therefore, the sign of daf’/dN — and consequently the sign of d (w + b) /AN — is

identical to the sign of
dal dar
F—+N—.
oF "N

From the proof of Lemma 1 and using the steady-state conditions

om) o mf)
f=F=a=) NoaTy

it follows that

02



dat’ oot

F— + N——
oF " oN
_malmd = mfn) (L 5UR) () Lt
2 my(f,n) mn(f,n) 9 m(f,n) n (f1)
/ [1+ - T (1—7)] f [1"' =) T -

(22 + 1) (my(£.n)f + ma(f.m)n = m( f,m))

2 my (f:n) mn(f»n)
/ [1+ - t (1—7>]

All this implies that the sign of F’ 35‘—; + N %a—NF — and consequently the sign of
d(w +b) /dN — is the same as the sign of

mf<f7 n)f + mn(f7 n)n - m(f7 n)a

which is positive (negative) if m(f,n) has increasing (decreasing) returns to scale,
and zero with constant returns to scale.?

Finally, we look at the sign of

dF  QV"/ON
AN~ OVu/OF’

which is equivalent to the sign of —0V*/JN, which can be positive or negative; see

the proof of Proposition 2.

2. of <1/2

Now, equilibrium effort is given by

" =2(1—a") sy (6)

23To see this, note that the definition of the constant returns to scale is m(f,n)r = m(rf,rn)
for any r > 0. Examining the change at » = 1 leads to the result. The result for increasing or
decreasing returns to scale can be derived in the same way.

23



or e* = ef'B = ¢, whichever is smaller. If e* = /'8 de* /dN = 0. If e* is determined
by (6), then

Oe*
Lo
B 0v0 < 0
and
20" (1 — o) 6762
m =
(1-9)
Thus,
oI 2662  Oar
= 1-2
oF (1—5)( ") oF
u 2 F
oIl _ 2076 (1—2a") Oa ,
ON (1-9) ON

where the first equation implies that 9I1*/0F < 0 < of < 1/2, and

dat’
da ’
dN OF

i.e., employment effects are positive, and

de* e’ 804F+80de_F _ Oe” 8aF_8aF%O‘—; _0
AN 9ot \ON = OF dN) 0o \ ON  OF oar | = ™

It follows that d(w + b)/dN = 0.
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Online Appendix for “Informal Incentives and La-
bor Markets” by Fahn and Murooka

A Remaining Proofs

Proof of Proposition 4:
We first set up the general problem and then derive conditions for a discrimina-
tion equilibrium as described in Proposition 4 to exist. Our objective is to maximize

IT*, subject to the following set of constraints:

b+ 6y (I =11*) >0 (DEI)

—b9 + 6 (I° = 11*) > 0 (DEO)
vi—vel >0 (IRI)

VO -V > (IRO)

—c(e") +b" + oy [VI V] >0 (ICT)
—c(e9) + 0% 4+ 6y [VO = V] >0 (ICO)

Now, II' = 7l + 6 [yII' 4 (1 — 7)I1*] and
19 = 71944 [4119 + (1 — )II"], where 7/ = e/§—w!—b" and 70 = €0 —w—b°.
Thus,



(1= 8+ 6afT) (1 —6v) + 62O [(1 — §)yr! + (1 — )79]

I

= (1= 6)(1—07) (1= 07 +ard9)

1O 12 (1—0+06a"9) (1 —0y) + 0™ [(1 = 6)ym® + (1 — )]

(1=0)(1=0d7) (1= dy+afdy)

§ oFIl | oFO0

B =005 1 afey)
HI—H“:(l_a 67(1—04))7r —afor0

(1=067) (1 —dy+afdy)

HO_Hu:(1—04FO—5’}/(1—OéF))TI'O—OzFIﬂ'I

(1 —=07) (1 =67+ a”dv)

This allows us to rewrite the optimization problem, which becomes to maximize

afIrl + afOr0, subject to

(1—a 57(1—04))7r — afor0
(1=067) (1 —dy+afdy) -
(l—ozFO—57(1—ozF))7rO—ozF17TI>O
(1—=07) (1 =dy+aldv) -

—(e)?)2 40"+ 0y (w' = (1=67) V) >0

—bl 4 8

—b° + 0y

w' + b —c(e!) = (1=5y) V>0
—(€9)?/2 4+ 4+ 0y (w° — (1= 67)V*©) >0

w® + 9 — ¢(eP) — (1 = 67) VO >0

(DEI)

(DEO)

(ICT)

(IR1)
(ICO)
(IRO)

There, V¥ = oMV + (1 — a™)dyV* and VO = aVVO + (1 — a™V)6y VO are

taken as given by firms.

Setting up the Lagrange function and obtaining first-order conditions yields



oL 0 (1—af!) (1—0v)+af95y0
ﬁZOZFIe—f—/\DEIéV ( - )( ) ?: !
e (1 —=097) (1 =y +alféy)
— ApEod o0 — ¢! (\rer + Arrr) =0
DEO 7(1—57)(1—57‘1‘041?57) IcI IRI) = Y,
oL oo

— =a%) - ADEIOY

0e® (1 —07) (1 =6y + afdy)
0(1—a)(1-105y)+af5v0
+ Appody A=) (=07 +aFsy) ¢ (Arco + Arro) = 0,
oL . 1— v+ af©dy

ol = — o — Appr G
(1—=07) (1 =dv+a”dy)
5’}/05FI

(1 —=97) (1 =dy+ aféy)

FI " >\DEI (1 — 5”}/ + OéFO(57) — )\DEo(S”)/OéFI Y
(1—67) (1 =&y +aFéy) TR

(1—af) (1 =6v) +af%y

(1=07) (1 =67+ a”dy)
FI
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+ Aicr + Arrr =0

=Acr =«

o
ow!

=—afl - ApErdy
oya
(1—=087) (1 =y + alfdy)

0y (Aper + Apko) )
=Arpr = of! (1 —
= (1—67) (107 +aldy)

+ Apko + A1crdy 4+ Arrr = 0

)\DEI
(1—107)
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oL — Ao gy Appra™ — Appo [(1—af©) (1 = 6v) + af167]

ow® (1 —07v) (1 =6y + afdy)

+ A1codY + Atro = 0

_>\DEO( + Arco + Atro =0
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Thus, effort levels are characterized by

)\DEI = 07

a1 (0 — o) (1 v (Aper+ Apso) ) 08 — e
(1=07)(1=dv+afdy))  (1-10d7)

5”}/ <)\DEO+)\DEI) 5’}/9—60
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Results

The previous analysis yields the following outcomes: Either, \;gr = Ajro = 0
or Arrr, A\tro > 0. Moreover, either A\pgr, Arjcr > 0 or Apgr = Aicr = 0, and
equivalently for Apgo and Ajco.

For the proposition where our objective is to prove existence of a discrimination
equilibrium in which insiders are better off than outsiders, we restrict our attention
to A\rrr = Arro = 0. This is because insiders are not paid a rent in the first place

when )\[R[, Arro > 0.

(1-07) (1-6y+al'5v)

If A\trr = Atro = 0, then Apgr + Apro = 5

, thus effort levels are

characterized by



(1—=947)
ADE
(5’79—60) (1—607) 0

Discrimination equilibrium

To show that a profit-maximizing equilibrium exists which favors insiders at the

expense of outsiders, we focus on the case

Arcos Apeo =0, Arer = Aper > 0.

We do so and set A\;co, A\pgo = 0 because 7° has no direct effect on profits in
such an equilbrium (see below). Then, while e/ = §v6, €© is not uniquely identified.

Binding (ICI) and (DEI) constraints yield

b =c(e") = 5y (w' = (1= 6y) V™),
/ :5’)/610 (1 —67) a™ + 67vaf OO — [6ve'0 — c(e!) — 67 (1 — 6v) V] (1 — 6y + 67af)
5 (=)l |
07O + ol T5yel§ — [6vel§ — c(e!) — 6y (1 — 6v) V] (1 — 67 + dvar)
Syakl ’

w

w! + b =

wl+bl —(el)? /2

hence an insider’s compensation increases in 7. Because both V! = >

and e! = §v6, (employed and unemployed) insiders benefit from a (ceteris paribus)

higher 7¢. Note also that the expected profits are

I — [67e’0 — c(e!) — 6y (1 — 67y) V]
oy (1 —d7) ’

thus 7% has no direct effect on an individual firm’s expected profits (it affects V%

which, however, cannot be affected by an individual firm).



Auxiliary problem

By the above considerations, in a potential equilibrium where outsiders are discrim-
inated against, 7° increases insiders’ payoffs without affecting IT*. Therefore, our
objective in the following is to maximize 7°. For that, a number of consistency

conditions must hold. First, (DEO), (IRO) and (ICO), must be satisfied, which are

b <oy (600 w®) — (07ve'0 — c(e") — 6y (1 = 6v) V) (DEO)
b° >c(e9) — &y (w? — (1 — 7)) VO) (ICO)
b° >c(e?) — (v — (1 —dy) V*O). (IRO)

There, note that it is without loss to have w® = (1 — §v) V*© and b° = ¢(e?)
(thus, 7° = €90 — ¢(e9) — (1 — ) V*©), in which case (ICO) and (IRO) are auto-
matically satisfied and only (DEO) remains, which is

5vel — c(e!) — 6y (1 — 67) V' < 6790 — c(eP) — oy (1 — §7) V. (DEO)

Moreover, it must be optimal for firms to employ insiders instead of keeping

vacancies open in the hope of attracting outsiders, i.e.,
I’ > 1. (7)
Finally, we must be in the range where insiders are paid a rent, which implies

vi>vyel, (8)

We next show that, for sufficiently small N, a discrimination equilibrium with

e® > el = 570 exists.



Existence of Discrimination Equilibrium: Small N©

First, note that because e/ = §v0 maximizes dyfe—c(e), (DEO) requires V4 > V4O,
There, we focus on V¥ > V%0 = () because a smaller V*© increases 7°.

Second, note that steady-state market conditions are

(L= F —mn?+n', f)

f= ,
(1=7)
o1 (L= N+ m@n?, f) —m(n® +n', f)
(1—7) ’
o (1=7) NO—m(x®, f)
(1=7) ’
which allow us to rewrite
aNO — (1—9) afOf
(1—7)NO —af0]
(1-79)a"™F
- NO(1—~y+af)—af9F’
oV — (1—7) o’ f
(-7 N —aFTy
(1—9)aF

NT(1—~+af)—allF’

and hence

aNI

(1= (1 —aN)iy)

FOWO+Q2&2 [(1=107) (20" —1) — aF9 (2 = 67)]

(=07 [0 (1= 5) — a¥ (1~ 37  $7a70)

_ (11— aFoﬂO—i—%[(l—(Sfy) (208 — 1) — af© (2 — b7)]
(1=067) [1=07) (1 =y +aF) (NI - F) + FaFo (1 — 25y + §+2)]

VUI — v[

_ N1

Finally, we show that an asymmetric discrimination equilibrium exists given the
assumptions stated in the proposition. Assume N© = af? = (0 and that o either

exceeds 1/2 (if NT > F at off = 1/2) or is above the threshold at which insiders



are paid a rent (if N7 > F at af! = 1/2). Because this case describes a symmetric
equilibrium among insiders in which they are paid a rent, conditions (7) and (8) are
satisfied by construction, and it remains to show that (DEO) holds.

For af©® — 0 (in which case off = of"), this condition becomes

(070)* (1 — v + o) NI —af'F (3 — 2)
2 (1—7+aF) (NI —F)

(6+0) (1—-7)(2aF —1) (2670 — €©)e?
RO (1_(1—7+aF)(NI—F)>§ 2

< 57e°0 — c(e9)

Note that the right hand side of this inequality, which is maximized at e® = e/,

(6"’29)2 as e — el. Also, the left hand side is strictly smaller than @

approaches
when N7 > F and o > 1/2. Hence, a discrimination equilibrium in which ¢ > ef

exists.

Large N

To prove that a discrimination equilibrium favoring insiders does not exist if N© is
sufficiently large, assume N© — co. Then, a’? — of and of" — 1, thus o7 — 0,

and (DEO) becomes

2 N!
(1=67)" 2= 5 =0-1).
Condition (7) becomes
2
o0 0.
5 =
and Condition (8) becomes
1—
(1—067) 5 F

1+

>0,

o_ 00’
‘”(” 2> (1=07) 2= (NT—F)+ F(1—25y+ 0] | =

ie.,




Thus, both conditions can only hold simultaneously for 7¢ = §v6%/2. However,

recall that

b (7). a0+ B[ 63) (20" 1) ~ a0 2~ )
(1—07) [(1=067)(1—vy+af) (NI — F)+ Fafo (1 — 20y + 6+2)]

For N° — oo and 79 = §v6?%/2,

afon0 + 6L02 [(1 —7) (2aF — 1) —af? (2 - (57)}

2
2 2
_aFMTQ + 6720 [(1=067) (22" —1) — " (2= 67)]
2
“0% (1 -6y (" = 1) <0,

2

thus V" would be negative, a contradiction.

Job Losses of Insiders

Finally, we confirm that a higher N© increases n!, thus unemployment among in-

siders. To do that, we rewrite and tag the steady-state market conditions:

FA=9) == F+mn®+n' f)=0 (D)
n' (1=7) =@ =y N =m(n f) +m@n+n', f)=0 (IT)
n?(1—=7) = (1= N?+m(n® f)=0 (I11)

For comparative statics, we use the implicit function theorem, for which we need
partial derivatives of the left-hand sides of equations I-1II which, with a slight abuse

of notation, are



ol
a7 = (1—=7) +mp(n® +n', f)
ol
on!
ol
on©®
oIl

af

= m,(n° +nl, f)
=m,(n® +n', f)
= —msn°, f) +myn® +nl, f) >0

e (1 =) +ma(n® +n', f)
Il
g? = —mno(no,f) —|—mn(no —|—nl,f) <0

oIl
KR =my(n?, f)
olll
on! =0
oIl
on©

= (1=9) +muo(n°, f)

For the following, we define

or  or oI
af  onl  onO

orr o1 o1l
of onl  OnO
oIl QIII OIII
of onl  OnO

CQIOITOIIT O OITOIIT  OI OIIdIIT
“0fonl on® | onlon© 0f  on© 0f ol

OITIOII dI  OIIIOII dI  OIIIAII o1

~9f Onlon®  onl onCdf  onO of onl

=(1 =) [(1=7) +muon®, )] [(1 =) + mp(n® +n', ) + ma(n® +n, f)]

> 0.

10



Therefore,

ar ol ol oL 0 oI

of dNO  n0 of n0

oIl _ oIl Ol oIl 0 oIl

of ONO  on© of on©

oIl oIl 90III oIll oIl
dn' | Tof Tano o | | of (1-7) %o
dN©O Dl D]

ol 011 o011 01

—(1—7) on0 df  onO of

|D|
_ (1 _ 7) mno<n07 f)mf(no + nla f) - mn(no + nla f)mf(noa f)
|D|
1-— myo(n°, f) — mu(n® +n’,
_'_(1_”( 7)( O( f) ( f))>0
|D|
oI o1 oI oI oI
of ToF om0 55 (1=7) 30
orr o1 oIl orr or1r
of oF  on0 of 0 ono
oIl BIII  OIII OIII oIII
dn’ _ Lo Tor w0 || ar 0 no
dF |D| | D

oIl 9111 oIl 9111

on® 9 of on©
(1—y) LA

D]
= (1 . ) Mn(no + nf,f)mf(nO’ f) _ mno(nO’ f)mf(nO + TLI’ f)
! D]
00, ) g€ £

dn!/dN© > 0 implies that the inflow of outsiders causes job losses of insiders if
we hold F' constant. If we take into account potential firm entry /exit, recall that
e — [(5’)/619 —c(el) = oy (1 = 6v) V”I}
&y (1= 07) ’

therefore IT* goes down as long as an inflow of outsiders increases compensation and

therefore V%!, This reduces F' which additional causes job losses of insiders.

Proof of Proposition 5:

In the proof of Proposition 1, we have shown that rents are paid through w.

Therefore, a discrimination equilibrium with V! > V© has w! > w?®, and an ex-

11



ogenously increased w© raises V°. Moreover, w® only enters the objective function

and constraints via 79 = ¢%0 — w® — Y, with the exception of (DEO),
5ve'0 — c(e") — 6y (1 — 6v) V' <y (90 — w®) —1°,

where we have presumed that a potential minimum wage is below w!. Finally, we

have shown that V!, V% and w! increase in 7°, which is why maximizing V! in a

discrimination equilibrium is equivalent to maximizing 7©.

Now, assume that w® = w < w!. An increase in w tightens (DEO), thus weakly
decreases €?. Moreover, it reduces 7©: If a higher w increased 7¢, firms would

have paid the higher wage in the first place given the objective is to maximize

79, Therefore, a higher W reduces w! and V7, and consequently V*/. Finally, as

Svelo—c(e!)—d~v(1-8v)V! . . .
I = [pret0—cteh)—870-0v) ], the higher minimum wage increases II". [
oy(1=6v)

B Examples in the Main Text

Here, we analyze two specific matching functions, one exhibiting constant and one

increasing returns to scale.

Example 1 (Constant Returns to Scale)

Assume the constant returns to scale matching function m(f,n) = (1—e 1) f, with
k > 1. Then, of = (1 —e ") and of > 1/2 & n/f > kln2. Moreover, n/f is

characterized by

%[(2—7)%—1—6—& <%—1>} —(1-9) =0

Let denote z = %. Note that of' =1 — e % with dz/dN > 0.

Then, we can rewrite the equilibrium matching condition

1{(2—7)%—1—6—55 (%—1)] —(1-7)=0

T

12



to
N (I—7y)r+1—e*
Fooo(2-=e)

The profits for the case in which workers are paid a rent are

For k =1, x = 0.69 at of = 1/2; there, n < f and consequently N < F which
is not consistent with an equilibrium. Then, IT* > 0 < = > 1.59 < of > 0.80.
For v = 0.8, this requires N/F > 1.12, i.e., the total workforce must exceed the
available jobs by at least 12%.

For k =2, 2 = 1.38 at of = 1/2, with n > f and N > F. There, for v = 0.8,
N/F = 1.11, hence workers are paid a rent once the total workforce exceeds the
available jobs by at least 11%.

We next analyze comparative statics with respect to /N under fixed F. Note that

w + b =6v0>

(1—2e78) [A - dy)at (1—e7H) &y]  (576)°
2(x—1) (1 —e %) 2
Assume v = 0.8 and § =0.9. Then, for £k = 2, w + b increases in N for z €
[1.38, 3.17], and decreases for x > 3.17 (z = 1.38 is the cutoff above which agents are
paid a rent). This implies that compensation increases from af = 0.5 to o’ = 0.80,
which is equivalent to N/F € [1.11, 1.43].
Finally, we analyze for which N and for which K (as a proportion of K ) a high-
ol equilibrium exists under firms’ free entry. Profits when workers are paid a rent

are

w 2(x—2(1—e_%))
B =t i w1

oI ~2e7E (14 &) 41
= 0 —
Ox 2(1=0)(z—1)

with

where the latter must be positive because dx/0F < 0.

13



For k =1, 0x/0F <0< 1—2e "z > 0. There, note that (1 — 2¢ ") /0x =
2¢7* (x — 1) > 0 for z > 1, which is a prerequisite for case 1. Moreover, 1—2¢~*x > 0
at x = 1, thus 9I1*/0x > 0 for z > 1. Recall that, finally, o' > 0.80 & N/F > 1.12
must hold for TT* to be positive (for the parameter value v = 0.8), hence — as with
exogenous F' — an equilibrium in which workers are paid a rent exists when the
total workforce exceeds total available jobs by at least 12%. It follows that, for this
example, an equilibrium with of" > 1/2 exists for all K € [O, K ]

For k = 2, OI1*/OF decreases for > 2.51, which implies o' > 0.71 and, for
v=0.8, N/F >1.33. At x = 2.51,

(1) ~
g = 0.36 = 0.72K
o 0.36 = 0.72K,

thus an equilibrium with of" > 1/2 exists for K € [0.72f( K }

Example 2 (Increasing Returns to Scale)

Assume the matching function m = f (1 — e‘k%), which has increasing returns
to scale in n and f (but constant in n, f and F), thus of' = (1 — e"‘“%) and

af > 1/2 & n/F = In2/k. Then, the equilibrium matching conditions become

(1-7)
=F
A Py
N=F+n—-f
@N_n_i_ (1—e ")
F_F [2—’}/—@]“17]7
and
_ F _ F _
Hu:MQQ(l v+ af) N — Faf (3 —27)

2(1=0)(1—v+af)(N-F)
(2—v—e*F)2—2(1—e*F)(1—7)
2(1-68)[22—y—e*F)—(1—7)]

= II" =576?

For v = 0.8 and k = 1, at o = 1/2 where n/F = In2, N/F = 1.40. Then,

14



workers are paid a rent once the total workforce exceeds the available jobs by at
least 40%.

For v = 0.8 and k = 2, at o = 1/2 where n/F = In2/2, N/F = 1.06. Then,
workers are paid a rent once the total workforce exceeds the available jobs by at
least 6%.

We next analyze comparative statics with respect to N under fixed F'. By

1—2e7"7) (1=0y)%E(2—~- e FF) +6(1—7) (1 - e’k%)] N (067)?
2 ) F Qo) = (1= 9)] 2
Assume § = 0.9 and v = 0.8. Then, for £k = 1, w + b increases in N for n/F €
[0.69, 2.82], and decreases for n/F > 2.82 < of > 0.94 (n/F = 0.69 is the cutoff
is the cutoff above which agents are paid a rent). This implies that compensation
increases from af = 0.5 to af = 0.94, which is equivalent to N/F € [1.40, 3.26].
For k = 2, w + b increases in N for n/F € [0.35, 0.69], and decreases for n/F >
0.69 & of > 0.75 (n/F = 0.35 is the cutoff is the cutoff above which agents are
paid a rent). This implies that compensation increases from af = 0.5 to o’ = 0.75,
which is equivalent to N/F € [1.06, 1.075].
Finally, we analyze for which N and for which K (as a proportion of K ) a high-
ol equilibrium exists under firms’ free entry. Profits when workers are paid a rent

are

(1—=v+4af)N—Faf (3 —2v)
21=0)1—=vy+af)(N-F)
,(2—y—etF) L —2(1—eFF)(1—7)
2(1-8)[2(2—v—etF)—(1—7)]

1" =6~62

=070
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Because dn/dF < 0, d(n/F)/dF <0,

oI oI
— < 0& —/——= >0.
oF =" am/F)
Now assume v = 0.8. Then, for k = 1, 9lI}/0(n/F) > 0 if n/F > 1.25 & of >

0.71 < N/F > 2.03. There,

(1-9) -
g = 0.455 = 0.91K
o 0.455 = 0.91K,

thus an equilibrium with of > 1/2 exists for K € [O.Qlf(,f(] For k = 2,
oY /d(n/F) > 0if n/F > 0.5 < of > 0.63 < N/F > 1.26. There,

(1-9) 2
g —0.38 = 0.76 K
S ~0-38 = 0.TK,

thus an equilibrium with of" > 1/2 exists for K € [0.76I~( K }
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