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This paper studies a model of job search with two novel decisions related to anti-
competitive practices by firms and other parties in the labor market. First, instead
of making an exploding offer requiring an immediate decision, a firm may allow
a worker to recall its offer within a period of time. Second, after accepting an
offer, a worker may renege on it before the job starts. The model suggests that the
two decisions are related to each other, and a small cost of reneging is critical for
the coexistence of exploding offers, recall, and reneging. Policies that discourage
workers from reneging could induce firms to make more exploding offers with
lower wages, contradicting other policies for exploding offers and reducing the
value of job search for workers.
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1. INTRODUCTION

This paper studies a model of job search with two novel features related to anti-
competitive practices by firms and other parties in the labor market. The first is recall,
referring to the case where a firm gives a worker some time to consider its offer and
thus a chance to receive another offer for comparison. This is in contrast to exploding
offers, which are defined by Roth (2015) as “take-it-or-leave-it offers of such short du-
ration that they didn’t leave enough time for another firm to jump in and compete for
the same candidate, or for a candidate to get another offer for comparison". The second
feature studied in this paper is reneging, referring to the case where a worker reneges on
an accepted offer before the job starts.

The two features are prominent in the job market for graduating students. Cortés
et al. (2023) surveyed recent graduates from Boston University’s Questrom School of
Business about their search for the first job after college. Over 40% of their offers re-
quired a decision within a week, while about 10% gave them more than four weeks to
make a decision. This suggests that both exploding offers and offers with recall are made
by firms in the same market. Moreover, 10.6% of respondents reneged on an offer, and
the typical respondent believed that over a quarter of their peers had reneged on an
offer. This suggests that reneging is neither rare nor unexpected.

The two features are related. Abera (2022) finds that pressure from an exploding
offer’s deadline is a major reason a graduating student may accept the offer first and
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renege on it later. Meanwhile, universities often have policies that discourage employ-
ers from making exploding offers (Stanford University, 2025) and punish their students
for reneging, e.g., by marking it on a student’s academic transcript and cutting alumni
privileges (Harvard Business School, 2025).

This paper endogenizes recall and reneging and evaluates relevant policies. I provide
conditions for an equilibrium where exploding offers and offers with recall coexist with
each other as well as reneging, and characterize the impact of university policies that
raise the cost of reneging for their students on the job market.

In the absence of a direct cost for making an exploding offer (vs an offer with recall),
there are always some exploding offers that are optimal for firms in my model. Despite
this disadvantage, I show that offers with recall are also optimal under three conditions,
and the equilibrium features both types of offers and reneging.

The first condition is that a new job cannot start immediately, e.g., students on the
job market cannot start working before graduation. This makes the environment non-
stationary, and it gives firms an opportunity to act (post vacancies, meet workers and
make offers) early, e.g., months before graduation, in which case they may find it opti-
mal to give workers some time to consider their offers. The condition also gives workers
an opportunity to accept an early offer and renege on it later before the job starts. In
comparison, standard search-theoretic models of the labor market assume a station-
ary environment where a new job could start immediately after a firm meets a worker
(Rogerson et al., 2005). This leaves workers with no time to renege on an accepted offer
and makes it optimal for firms to make only exploding offers.

The second condition is that the match surplus (i.e., the value of the match between
a firm and a worker minus the sum of their values from being unmatched) is relatively
large. This is necessary to induce firms to act early. Otherwise, firms may find it optimal
to either not enter the market or enter it only at the last minute when new jobs can start
immediately, in which case firms make only exploding offers and workers have no time
to renege on an accepted offer before the job starts. This is similar to Guo (2024), where I
study how firms post vacancies sequentially in a nonstationary environment by ignoring
both the difference between the two types of offers and a worker’s decision to renege on
an accepted offer.

The last and most important condition is that the cost for a worker to renege on
an accepted offer is relatively small. If workers have to pay a (strictly positive) cost to
renege on an accepted offer, they would only do so after receiving another offer that is
sufficiently better. Consequently, accepting an exploding offer means that a worker may
have to reject subsequent offers that are slightly better. This makes exploding offers
less attractive for workers than offers with recall, ceteris paribus. In response, workers
demand higher wages for exploding offers than comparable offers with recall. On the
other hand, as long as an exploding offer is acceptable for workers in the first place, it is
more attractive for firms than a comparable offer with recall, because the former allows
a firm to hire a worker with a higher probability. Consequently, firms are willing to attach
a higher wage to an exploding offer than a comparable offer with recall. Together, the
cost of reneging makes the option to recall an offer valuable for workers and costly for
firms. As long as the two sides could agree on a price, it is optimal for some firms to offer
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the option in exchange for a lower wage. As the cost of reneging increases, the maximum
wage at which a firm is willing to make an offer with recall could drop below a worker’s
reservation wage. Consequently, it is optimal for firms to make offers with recall that are
acceptable to workers only when the cost of reneging is relatively small.

By making exploding offers more attractive for firms, a larger cost of reneging also
induces more firms to jump the gun (Roth and Xing, 1994) and act early. With fewer
firms looking for workers later in the process, there is a smaller chance that a worker
with an early offer could receive another offer. This reduces the intertemporal wage
competition faced by early-acting firms and, in turn, their wage offers. Although lower
wages could induce more firms to enter the market and raise the job finding probability
for workers, when the cost of reneging is sufficiently large so that wage offers are close
to workers’ reservation wages, the negative effect on wages dominates the positive effect
on the job finding probability. In this case, an increase in the cost of reneging reduces
the value of job search for workers.

Together, the model suggests that recall and reneging are closely related to each
other: a small cost of reneging is critical for firms to make offers with recall, while a large
cost of reneging could induce firms to make more exploding offers and reduce the value
of job search for workers. University policies that discourage students from reneging
could induce employers to make more exploding offers, contradicting policies that dis-
courage employers from doing that. Moreover, students on the job market could benefit
from policies that reduce the cost of reneging, e.g., the announcement by the American
Finance Association (2022) that exploding offers accepted before a certain date are not
binding for rookie job seekers.

A number of studies assume exogenously that workers could recall some offers re-
ceived previously (Carrillo-Tudela et al., 2011, Wolthoff, 2014, Carrillo-Tudela and Smith,
2017, Gautier and Moraga-Gonzélez, 2018). I am not aware of a model of endogenous
recall and reneging in the literature, including studies of the job market for graduat-
ing students (Roth and Xing, 1994, Cortés et al., 2023, Guo, 2024). In the product market,
Armstrong and Zhou (2016) show that an exploding offer could be a seller’s optimal strat-
egy to deter a buyer from searching for lower prices; Janssen and Williams (2024) show
that uncertainty about product quality could lead consumers to buy a product first and
return it later. This paper studies the interaction between recall and reneging in a labor
market, where exploding offers are the default choice and there is no uncertainty about
match quality.

Substantively, this paper contributes to an emerging literature on the equilibrium
effects of anti-competitive practices by employers in the labor market, including non-
compete agreements (Gottfries and Jarosch, 2026a) and no-poach agreements (Gottfries
and Jarosch, 2026b). Similar to these practices, exploding offers limit a worker’s ability to
leverage outside opportunities and thus suppress wage competition and wages market-
wide. In particular, both noncompetes in Gottfries and Jarosch (2026a) and exploding
offers in this paper create costs for workers who want to respond to outside offers, both
generate compensating differentials, and both can restore the Diamond (1971) paradox.

One key difference is that offer types are endogenous in this paper, where firms are
homogeneous and face the same technology, but exogenous in Gottfries and Jarosch
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(2026a), where a legal technology to implement and enforce noncompetes is available
to some firms but not others. Similarly, Gottfries and Jarosch (2026b) assume that a
cartel of firms could commit not to hire each other’s workers, which allows them to make
different wage offers than other firms outside the cartel. Moreover, this paper shows that
anti-competitive practices by employers could result from and respond to actions by a
third party, e.g., universities in the job market for graduating students.

The next section presents the model. Section 3 characterizes the main equilibrium
with recall and reneging. Section 4 characterizes other equilibria and the impact of the
cost of reneging. Section 5 discusses implications and extensions.

2. THE MODEL

There are three periods. All actions take place in the first two periods. The last period is
only used to distribute payoffs from actions in the first two periods. For simplicity, the
first two periods are assumed to have the same length. In the job market for graduating
students, one can think of the first two periods as the last two months or weeks before
graduation, and the last period as the life after graduation.

There are two types of agents: workers and firms. The measure of workers is nor-
malized to 1. The measure of firms is determined endogenously through free entry. All
workers are homogeneous and unemployed at the beginning of the first period. Firms
are also homogeneous, and they could post vacancies, meet workers and make job of-
fers in each of the first two periods. However, new jobs can only start at the beginning of
the third period. In particular, a worker who accepts an offer in the first period cannot
work or be paid until the beginning of the third period. All agents are risk neutral, and
they use the same discount factor p € (0, 1).

At the beginning of each of the first two periods, a firm could enter the market by
posting a vacancy. The cost of a vacancy per period is ¢ > 0. In posting a vacancy, a
firm also chooses a wage w that will be paid to the worker upon hiring one. If a firm
chooses to post a vacancy in the first period, it also has to choose whether to make an
offer with or without recall after meeting a worker. An offer without recall, also referred
to as an exploding offer, expires by the end of the first period. Consequently, a worker
who receives an offer without recall in the first period has to either accept or reject it
by the end of the period. An offer with recall allows a worker to hold on to it without a
decision until the end of the second period. Offers received in the second period have
to be either accepted or rejected by the end of the period.

Let v1 p be the measure of vacancies posted in the first period where the firm chooses
to make an exploding offer upon meeting a worker, v;z be the measure of vacancies
posted in the first period where the firm chooses to make an offer with recall, and vy
be the measure of vacancies posted in the second period. Similarly, let F; g be the cu-
mulative distribution of wages across vacancies making exploding offers, F;r be the
cumulative distribution of wages across vacancies making offers with recall, and F» be
the cumulative distribution of wages across vacancies in the second period. Finally, let
F; be the support of F; for i € {1E,1R,2}, and v; = v1g + v1 g be the total measure of
vacancies posted in the first period.
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There is no search cost for workers, and all workers search with the same intensity
in each of the first two periods. A worker (vacancy) could meet at most one vacancy
(worker) and receive (make) at most one offer in each of the first two periods, so that
each worker could receive up to two offers in the first two periods. I relax these assump-
tions and discuss their implications in the working paper (Guo, 2026).

Workers with two offers by the end of the second period have to reject one of them,
or renege on it if the offer was accepted in the first period. Rejecting an offer is free, but
aworker has to pay a cost k > 0 in order to renege on an offer accepted in the first period
for another one received in the second period. In addition to financial costs, if any,
also includes the psychological cost of being viewed negatively by peers and, in the case
of graduating students, the alma mater.

Meetings between workers and vacancies occur randomly in each of the first two
periods. In particular, whether a vacancy intends to make an offer with or without re-
call does not affect its probability of meeting a worker, and ”7}—1’5 (”7}—11%) is the conditional
probability of receiving an exploding offer (an offer with recall) for a worker who meets
avacancy in the first period.

Let \; be the probability that a vacancy meets a worker in period s € {1,2}, and pu,
be the probability that a worker meets a vacancy. Following the literature, A and x5 are
assumed to be monotonic functions of labor market tightness, defined as the number of
vacancies v, per unemployed worker. Since the measure of workers is normalized to 1,
labor market tightness is equal to the measure of vacancies v;.

ASSUMPTION 1. For any s € {1,2}, As = A(vs), ps =
hIfl)\(Us): lim p(vs)fl and lim A(vs) = hm,u( s)

Vs Us vsT+o00 540

p(vs), Zptee)
—0.

I use the notations \; and x5 in most cases, and use A(vs) and u(vs) when it is useful
to make the dependence clear.

The final payoff for each agent is distributed in the third period. For a firm, the payoff
of not being able to hire a worker is normalized to 0, and the payoff of hiring a worker at
wage w is J(w). For a worker, the payoff of staying unemployed is U, and the payoff of
being hired at wage w is W (w).

BJ(w) BW(w)

ASSUMPTION 2. <0, lim J(w)=—o0, > 0, and there exists a reservation

w400

wage R > 0 such thatW(R) =U.

An example of the payoff functions is provided in the working paper (Guo, 2026).
For notational simplicity, I assume the cost of reneging « is paid in the third period and
measured in the same unit as J(w), W(w) and U. This is equivalent to assuming that
the cost is px and has to be paid in the second period. Moreover, I assume that a worker
does not have to pay a cost to renege on an accepted offer for unemployment. This
assumption is innocuous, because the choice is never optimal in the model.
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2.1 Workers’ Problems

A worker maximizes his/her payoff by choosing whether to accept an offer, if there is
one, and which one to accept if there are two offers. The decision is straightforward in
most cases.

First, under Assumption 2, an offer with wage w is acceptable by the end of the sec-
ond period if and only if w > R. That is, R is the reservation wage in the second period
irrespective of when an offer is received and whether it has a recall option or not. In
equilibrium, we must have w > R for any w € F; and i € {1F, 1R, 2}.

Second, if a worker has two offers above the reservation wage R, including an offer
with recall from the first period and another offer from the second period, the worker
would accept the one with a higher wage and reject the other.

Third, if a worker has two offers above the reservation wage R, including an explod-
ing offer with wage w accepted in the first period and another offer with wage v’ received
in the second period, the worker would renege on the former and accept the latter if and
only if W(w’) — k > W (w). This is equivalent to w’ > R,,, where R,, is defined by

Because x > 0 and W (w) is strictly increasing in w, we have R,, > w, i.e., a worker would
renege on an accepted offer only when the new offer is sufficiently better.

The only nontrivial decision for a worker is whether to accept an exploding offer in
the first period. If the offer is rejected and the worker enters the second period without
an offer, the value is

N = plyiz By mac{W (w), U} + (1 — ji2)U]

The discount factor p appears because all payoffs are distributed in the third period.
With probability ps, the worker receives an offer with wage w drawn from F5, the wage
offer distribution in the second period. The worker could either accept the offer and
receive a payoff W (w), or reject it and receive a payoff U. Ep, is the expectation with
respect to the wage offer distribution F5. With probability 1 — s, the worker receives no
offer and stays unemployed with payoff U.

On the other hand, if a worker accepts an exploding offer with wage w; in the first
period, the value at the start of the second period is

A(wr) = plug Epy max{W(w) — x, W(w1),U} + (1 — p2) max{W(w1),U}]

With probability po, the worker receives a new offer with wage w drawn from the
distribution F3 in the second period. The worker could either accept the new offer and
renege on the offer accepted in the first period, the payoff of which is W (w) — &, or keep
the accepted offer by rejecting the new offer, the payoff of which is W (w ), or stay un-
employed by discarding both offers, the payoff of which is U. With probability 1 — us,
the worker receives no offer in the second period. In this case, the worker could either
enter the next period with the accepted offer and payoff W (w, ), or discard the accepted
offer and stay unemployed with payoff U.
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A worker accepts an exploding offer with w; if and only if A(w;) > N. Because W (w)
is strictly increasing in w, and W(R) = U, A(wy) is strictly increasing in w; as long as
w1 > R, which is true for any exploding offer in equilibrium. Let R; be defined by

A(R1)=N (1)

An exploding offer is accepted if and only if its wage is greater than R;. Thatis, R; is the
reservation wage for exploding offers in the first period.

We must have w > R; for any w € F; g in equilibrium. With x > 0, R; < R implies
W(R1) < U and A(R;) < N. Consequently, we must have R; > R in equilibrium, i.e., the
reservation wage is (weakly) decreasing over the first two periods.

2.2 Firms’ Problems

A firm maximizes its profit by choosing whether to post a vacancy, and if so, which one
of the three types of vacancies to post and the associated wage. For simplicity, I use
the wage support to indicate the type of a vacancy and offer, e.g., a vacancy with w €
F1g represents a vacancy posted in the first period which makes an exploding offer with
wage w upon meeting a worker.

The expected value of posting a vacancy with w € F; g is

Vip(w) = —c+ p*Mi{1 — pa[l — Fa(Ry)]}J (w) 2)

where c is the cost in the first period, and the second term is the expected benefit. The
effective discount factor is p?, because the benefit .J(w) only materializes in the third
period after the vacancy is filled by the end of the second period. In order to be filled,
the vacancy has to meet a worker in the first period, the probability of which is A, and
win the competition against another firm if the worker receives an offer from that firm
in the second period. Since puo is the probability that a worker meets a vacancy and
receives an offer in the second period, and F5 is the wage offer distribution in the second
period, the probability that a worker receives an offer with wage greater than R,, in the
second period is us[1 — F2(R,,)]. This is also the probability that a worker who accepts
an offer with w € F1 g in the first period will renege on the offer in the second period.
Consequently, the term in the curly brackets is the probability that a vacancy with w €
F1g is filled by the end of the second period conditional on meeting a worker in the first
period.
Similarly, the expected value of posting a vacancy with w € Fi g is

Vir(w) = —c + p?A{1 - izl - Fy(w)]}J (w) 3)

The only difference from equation (2) is that, in order to win the competition against
an offer with recall received in the first period whose wage is w, the offer in the second
period has to have a wage greater than w instead of R,,.

Finally, the expected value of posting a vacancy with w € F3 is

Va(w) = —e+ pho{1 = i 22 (1 = Fup(Rp)] = i 1 = Fip)l} () @)
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Now that we are in the second period, the potential payoff J(w) is discounted by p in-
stead of p?, and the probability of meeting a worker is A\, instead of \;. Conditional on
meeting a worker, there are two cases where a firm cannot fill a vacancy with w € Fs.
First, the worker has an offer with recall from the first period, and the wage of that offer
is greater than w. The probability of this event is 1; ”1}—1’? [1 — Fir(w)]. Second, with prob-
ability p ”;—f [1 — Fip(R,)], the worker accepted an exploding offer in the first period
with a wage greater than R, which is the inverse of R,, defined as

W(R,)=W(w) -

By construction, we have R,- = R = w. Because x > 0 and W (w) is strictly in-
creasing in w, we have R, < w < R,, for any w.

2.3 The Equilibrium

With free entry, I define the equilibrium of the market as follows.

DEFINITION 1. An equilibrium of the market is a tuple (R1,v1g,v1Rr,v2, FiE, FiR, F2),
where R; is given by equation (1), and firms’ choices satisfy profit-maximization and
free-entry conditions, i.e., V;(w) = maxV;(w’) =0 forany w € F; and i € {1F, 1R, 2}.

’LU/

Because firms may or may not post each of the 3 types of vacancies, there are 8
potential types of equilibria: (1) vig =vig =v2 =0, (2) vig >0 and vig =v2 =0, (3)
vir >0 and mg=v2=0,4)vo>0 and vig=vig =0, B8) vigvir >0 and vo =0, (6)
vigve >0and vig =0, (7) vigve > 0and v1g =0, and (8) v gv1gv2 > 0.

PROPOSITION 1. The model has no equilibrium with vig =0 andvig > 0.

This rules out cases (3) and (7) listed above. The proof is in the Appendix. The idea
is to show that, if such an equilibrium exists, a firm could make a profit by posting a
different vacancy. A companion idea for the existence of an equilibrium is that no firm
could make a profit by posting a different vacancy. Both ideas are used to establish other
results described later, whose proofs are also in the Appendix.

One interpretation of the proposition is that v; > 0 implies v; g > 0, i.e., as long as it
is optimal for some firms to enter the market in the first period, it is optimal for some
of them to make exploding offers. Intuitively, with a strictly positive cost of reneging,
as long as an exploding offer is acceptable in the first period, it is more likely to be ac-
cepted by the end of the second period than a comparable offer with the same wage and
a recall option. Consequently, firms prefer exploding offers over offers with recall, ce-
teris paribus, and they make no offers with recall without exploding offers. This explains
the dominance of exploding offers in many labor markets, and why firms may not make
offers with recall even when they are encouraged to do so. Despite this disadvantage,
the next section shows that offers with recall could coexist with exploding offers under
certain conditions.
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3. THE EQUILIBRIUM WITH RECALL AND RENEGING

This section studies the equilibrium with v gv;gve > 0. This is the only equilibrium
with both recall and reneging. I start by characterizing its properties, and then show its
existence and uniqueness.

LEMMA 1. In any equilibrium with vi gvigve >0, F1r C [R, R1].

Because R; is a worker’s reservation wage for exploding offers in the first period,
and w > R; for any w € F; g, the lemma implies that wages of exploding offers must be
greater than wages of offers with recall. Given the cost of reneging, a worker is less likely
to renege on an exploding offer accepted in the first period than to reject an offer with
the same wage and a recall option. Consequently, a vacancy with an exploding offer is
more likely to be filled by the end of the second period than a vacancy offering the same
wage and a recall option. To make firms indifferent between the two types of vacancies,
those with recall must provide firms with higher values after being filled, as measured
by larger J(w) and lower wages. On the other hand, because workers value the option to
recall an offer, they are willing to take it for a lower wage.

LEMMA 2. In any equilibrium with vigvigva > 0, let w be the supremum of Fig, and
= ”1}—11* be the share of vacancies making offers with recall in the first period, we have
w >Ry > R and

L J@Be) L Ry a] ©)
1

Fe) = a8 T T T

1w J(R) 11—
FlR(w) = e J(w) i forw (S [R, Rﬂ (6)

J(w)
B éJ(Z) ~ w € [R, Ry]
Ba(w) =9 1" J(w) 1_ 1 )
E.](R:U)_'_ Ty wE[RRl,R@]
max{pAa(1— p1), p* A1 (1 — p2)}J(R) = ¢ (8)
pA2(1 — p1 +mpr)J (Ry) =c (9)
PP\ J(0) = ¢ (10)

pA2J(Rg) = ¢ (1)
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Because a worker could receive an offer in each of the first two periods, there is in-
tertemporal wage competition between vacancies posted in the two periods. Similar to
the model by Burdett and Judd (1983) and its applications in the labor market (Wolthoff,
2014, Gautier and Moraga-Gonzélez, 2018, Guo, 2025b), the possibility that a worker
could receive multiple offers implies wage dispersion (v > R; > R) even with homo-
geneous workers and homogeneous firms. Different from those models, where there
is one price/wage distribution with no mass point, there are three different wage offer
distributions (F; g, F1 g and F3) and at least one mass point in my model.

Specifically, due to the intertemporal wage competition, equation (7) shows that the
wage support in the second period has two segments. The first segment, [R, R;], is the
same as the support for 7} p, because vacancies in this segment only attempt to com-
pete with vacancies making offers with recall in the first period. The second segment,
[RR,,Rw), is a transformation of the support for F g, because vacancies in this segment
also compete with vacancies making exploding offers in the first period. The transfor-
mation is necessary because the competition involves the cost of reneging.

Because of the transformation, the two segments of 7> are not connected with each
other, i.e., there is no vacancy with w € (R1, Rg, ) in the second period. This gap is pos-
sible because R; is a mass point for F; p. Specifically, since @ > R; and J(w) is strictly
decreasing in w, equation (5) implies F} g (R1) > 0, i.e., there is a mass of vacancies mak-
ing exploding offers with wage R; in the first period. The mass makes a firm in the
second period indifferent between a vacancy with wage R; and an alternative vacancy
with a wage slightly above Ry, , because the latter allows the firm to win the competition
against the mass of exploding offers with wage R; at the cost of a higher wage.

A mass point at R; is possible because a worker could receive at most one offer in
each period, so that the mass of exploding offers with wage R; in the first period do not
have to compete against each other. For the same reason, I show in the proof of Lemma 2
that R could also be a mass point for either ' p or F5, but not both, and whether it
is a mass point for F;r or F» depends on the two arguments in the max operator in
equation (8): (a) If the first argument is strictly larger than the second, R is a mass point
for F» but not Fy ; (b) If the second argument is strictly larger than the first, R is a mass
point for F p but not F»; (c) If they are equal to each other, R is not a mass point for
either. Due to the intertemporal wage competition, there is no other mass point for any
of the three wage distributions.

The left panel of Figure 1 illustrates the three wage offer distributions (¥ g, F} z and
F5) using the example described in the working paper (Guo, 2026). In this example, we
have F>(R) > F1gr(R) =0, so that R is a mass point for F5 but not F; g.

Using the same example, the right panel plots (1) the distribution of wages across all
vacancies posted in the first two periods given by

_ugFip(w) +vrFir(w) + vaF(w)
V1 + V2

F(w)
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FIGURE 1. An Illustration of the Wage Distributions

and (2) the distribution of wages accepted by the end of the second period given by

G(w) = 3 {m (1= m) Fup ()1~ 2 + p2Fa(Ru)]
+mrFir(w)[1 — p2 + paFo(w)] + (1 — p1 ) pa Fa(w) }

where P = uy + p2 — pype is the job finding probability. Both distributions (¥ and G)
have two mass points, one at the bottom (R) and the other in the middle (R;). This
is consistent with the empirical evidence (Dube et al., 2025). Moreover, there is a re-
gion where G(w) > F(w). This is different from existing models of equilibrium wage dis-
persion (Burdett and Mortensen, 1998, Wolthoff, 2014, Gautier and Moraga-Gonzdlez,
2018, Guo, 2025b, 2024), where the distribution of accepted wages first-order stochas-
tically dominates the distribution of wage offers, i.e., G(w) < F(w) for all w. In those
models, workers with multiple job opportunities always choose the one with a higher
wage. In contrast, because reneging is costly in our model, a worker who has accepted
an exploding offer in the first period may reject another offer with a higher wage in the
second period. This creates a chance for G(w) > F(w) at some w. Both the size of the
region for G(w) > F(w) and the degree of bunching at the two reservation wages (R and

R1) depend on the cost of reneging.

3.1 Existence and Uniqueness

With Lemma 2, equation (1) can be rewritten as

/ A P C) R (12)

r J(w) J(R1)

which, together with equations (8) to (11), determines (R1,v1 g, v1 R, v2,w). With them,

we could obtain (F} g, F g, F2) from equations (5) to (7).
This completes the characterization of the equilibrium with v gv1 gve > 0. To show

its existence and uniqueness, I start with some definitions.
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DEFINITION 2. For any J(R) > p%, let )\f(R) = pQJC(R), v‘l](R) be the value of v; such that
A= le(R), ie., )\(vi](R)) = )\1J(R), and ui](R) = ,u(vi](R)).

Itis worth noting that the reservation wage R is an exogenous parameter determined
by W(R) = U. Because J(R) is also an exogenous parameter, so are /\{(R), v‘l] (®) and
,u'lj(R ), Moreover, J(R) a measure of the match surplus, i.e., the value of a firm-worker
match minus the sum of their values from being unmatched. In addition to the reser-
vation wage R, the match surplus J(R) could vary with other factors, e.g, productivity
of a firm-worker match. For the following analysis, it is useful to think about the vari-
ation in J(R) as coming from productivity. Finally, Rr and J(Rp) are also exogenous
parameters. Given the payoffs W (w), U and J(w), the cost of reneging « is the only pa-
rameter that affects Rr and J(Rpr). For the following analysis, it is useful to think about
the variation in Ri and J(Rp) as coming from «.

PROPOSITION 2. The equilibrium with vy gvigv > 0 is unique if it exists, and it exists if
andonly if J(R) > p% and

J(RR) > max{g, (1= 1) (R, (13)

The condition J(R) > p% implies that the equilibrium with v; gv1 gvg > 0 exists only
when the match surplus is relatively large. Since J(R ) is decreasing in the cost of reneg-
ing k, inequality (13) implies that the equilibrium with v; v gv2 > 0 exists only when
the cost of reneging is small.

Aslongas J(R) > p%, the equilibrium with v; gv1 gve > 0 always exists for some « > 0.
To see this, note that x = 0 implies Rr = R such that

T(Rg) = J(R) > max{=, (1= i ") (R))
where the inequality follows from J(R) > p% >3 and uf(R) € (0,1). This implies that

inequality (13) always holds for x = 0. Because J(Rp) is continuous in x, the inequality
also holds for some x > 0.

4. OTHER EQUILIBRIA AND THE COST OF RENEGING

To understand why the two conditions in Proposition 2 are necessary, this section shows
what happens when they fail. The comparison also illustrates how equilibrium out-
comes respond to the match surplus J(R) and the cost of reneging «.

PROPOSITION 3. There are four cases when conditions in Proposition 2 fail

(i) IfJ(R) < <, the model has a unique equilibrium withvig =vigp =v2 =0;

<5
() IfJ(R) € (%, p%], the model has a unique equilibrium with vig = vig =0, a finite
vg > 0 given by pA(v2)J(R) = ¢, and F2 = {R};
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(iii) If-J(R) > % and J(Rp) < max{%, (1 - ) 1(R)Y = (1 — ] T)J(R), the model

has a unique equilibrium with vir =0, vig = vi](R) > 0, a finite vo > 0 given by

pA(w2) (1 — pI FNJ(R) = ¢, Fip = Fo = {R}, and Ry = R.

V) If J(R) > % and J(Rg) < max{$, (1 — u{"™)J(R)} = £, the model has a contin-

T S0, mef0,1— 2= | 7 o~ (R},

uum of equilibria with vo =0, v1 = v
feq 2 ! pn] T 1(R)

R1 =R, and]-"lR:{R} if7T>0.

The first case implies that, when the match surplus is too small to cover the present
discounted value of the vacancy cost in either period, i.e., J(R) < £, no vacancy will be
posted, and the market collapses. The second case implies that, when the match surplus
is modest, i.e., J(R) € (%, p%], vacancies are only posted in the second period. Together
with Proposition 2, these two cases imply that the match surplus J(R) mainly affects the
timing of vacancies. Intuitively, due to discounting p € (0, 1), the real cost of a vacancy is
cheaper when it is paid later. Consequently, a larger match surplus J(R) is necessary to
induce firms to post vacancies in the first period.

The first two cases also show that, when the match surplus is too small for firms to
post a vacancy in the first period, i.e., J(R) < p%, the cost of reneging « has no effect on
equilibrium outcomes. On the other hand, when the match surplus is large enough for
firms to post a vacancy in the first period, i.e., J(R) > p%, the cost of reneging « affects
both the number and wages of each of the three types of vacancies.

Specifically, because a larger cost of reneging makes exploding offers in the first pe-
riod more valuable to firms than the other two types of offers, ceteris paribus, it is opti-
mal for firms to post all three types of vacancies only when the cost of reneging is rela-
tively small, as shown by inequality (13) in Proposition 2. When the cost of reneging is
so large that inequality (13) fails, the expected value of a vacancy making an exploding
offer in the first period dominates

e either the expected value of a vacancy making an offer with recall in the first period,
so that v g = 0, as in the third case of Proposition 3;

* or the expected value of a vacancy in the second period, so that v2 = 0, as in the last
case of Proposition 3. To keep firms from posting vacancies in the second period,
the number of vacancies making exploding offers in the first period must be suffi-
ciently large, resulting in an upper bound for 7 (the share of vacancies making offers
with recall). Otherwise, = could be any value between 0 and the upper bound, and
it is the only variable not uniquely determined. When = = 0, only vacancies with
exploding offers are posted by firms.

The two cases are separated by the comparison between the two arguments in the
max operator on the right-hand side of inequality (13). Given other parameters, e.g.,
¢, pand J(R), (1 — ,ulJ(R))J(R) > - implies that uf(R) is relatively small, i.e., not many
workers could receive an offer in the first period. This gives firms an opportunity to hire

a worker by posting a vacancy in the second period, so that v > 0. On the other hand,
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(1- u{(R))J (R) < £ implies that u‘f(R) isrelatively large, i.e., most workers could receive

an offer in the first period. This leaves firms with little chance of hiring a worker in the
second period, so that vy = 0.

There is no wage dispersion in any equilibrium in Proposition 3. More precisely, only
the reservation wage R is offered by firms in the last three cases. In the second (last) case,
vacancies are only posted in the second (first) period, so that a worker could receive at
most one offer in the first two periods. With no wage competition from other firms,
all firms post the reservation wage R. In the third case, vacancies are posted in both
periods, so that a worker has a chance to receive one offer from each period. However,
since the cost of reneging is sufficiently large, no worker would ever renege on an offer
accepted in the first period for another offer in the second period. Consequently, there
is no meaningful wage competition between vacancies posted in the two periods, and
all firms post the reservation wage R.

Because workers are indifferent between unemployment and a job at the reservation
wage R, they gain no value from job search in any equilibrium in Proposition 3. In com-
parison, in the equilibrium with v, gv1 gva > 0 characterized by Lemma 2, the expected
value of job search is strictly positive for workers, because they have a strictly positive
possibility of finding a job with w > R. Consequently, an increase in the cost of reneg-
ing reduces the expected value of job search for workers when it pushes the equilibrium
with v1 gv1 gug > 0 to any of the last two cases in Proposition 3.

By continuity, an increase in the cost of reneging could also reduce the expected
value of job search for workers even when it is not large enough to push the equilibrium
with vy gv1 gva > 0 to any of the last two cases in Proposition 3. This is mainly due to the
negative effect of « on wages, as shown below.

LEMMA 3. When k is small and the equilibrium features v1 gv1 gpv2 > 0, we have % >0,
92 <0, and 92 < 0.

An increase in the cost of reneging raises the competitiveness of vacancies making
exploding offers in the first period relative to vacancies in the second period. In re-
sponse, firms post more vacancies in the first period and fewer vacancies in the second
period, and they also lower the maximum wage w of exploding offers in the first period.
Because the combined wage support for the two types of vacancies in the first period
is [R,w], as a larger x pushes w towards R, workers are less likely to receive high-wage
offers, which reduces their expected value from job search.

% > 0 implies ‘Bg—}f > 0when a’é—}f < 0, which is the case when the equilibrium with
v1 v V2 > 0 is pushed towards the third case in Proposition 3. This implies that raising
the cost of reneging could induce firms to make more exploding offers, and university
policies that discourage students from reneging could contradict and invalidate policies
that discourage employers from making exploding offers.

Not all equilibrium outcomes are monotonic in the cost of reneging «. In particular,
R;, the reservation wage for exploding offers in the first period, may not be monotonic
in . This is because « has two effects. First, other things equal, « has a negative effect
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on A(w), the expected value of accepting an exploding offer with wage w in the first pe-
riod. Consequently, a higher reservation wage R; is needed for workers to be indifferent
between A(R;) and N, the value of entering the second period without an offer. Second,
with % < 0, a larger « could reduce the value of search in the second period. This in
turn reduces the reservation wage R; in the first period. When the first effect dominates
the second, R; will be increasing in . Otherwise, it will be decreasing. Since R; € (R, @)
in any equilibrium with vy gv; gva > 0, R must be dropping towards R as an increase in
x pushes w closer to R, which happens when & is relatively large so that the equilibrium
with v1gvygva > 0 is close to one of the last two cases in Proposition 3. On the other
hand, R; could be increasing in x when « is relatively small.

Because R; is the wage that separates the two types of vacancies in the first period,
equation (9) implies a%rl > 0, ceteris paribus. When R; is not monotonic, «, the share
of vacancies making offers with recall in the first period, may not be monotonic in
either. In particular, when « is relatively large so that J(Rp) is only slightly larger than
(1- p‘lj(R) )J(R) > %, an increase in  reduces 7 towards zero. On the other hand, when
K is close to zero, raising it could lead to a larger 7.

I confirm these predictions using an example in the working paper (Guo, 2026). In
the example, both R; and 7 are hump-shaped in «, while both the rate of reneging and
the expected payoff for a worker are strictly decreasing in x. On the other hand, the
job finding probability, P = uq + pu2 — p1p2, is strictly increasing in «, because a larger
 allows firms to post lower wages and more vacancies. This suggests that universities
have an incentive to raise the cost of reneging for their students if they care more about
the job finding probability than the expected payoff of their students, the latter of which
also accounts for wages. This would be the case if wages are harder to observe so that
the job finding rate is used more prominently by universities to measure the success of
their graduates.

5. IMPLICATIONS AND EXTENSIONS

The model in this paper illustrates how the recall decision by firms and the reneging
decision by workers are related to each other, and how policies for recall and reneging
could contradict each other.

The model has three other implications. The first is about the timing of job search.
In a seminal paper, Roth and Xing (1994) show that uncertainty about worker quality
could induce employers to jump the gun and make offers to college students months or
even years before they graduate. With homogeneous workers and homogeneous firms,
this paper shows that employers may jump the gun purely due to search frictions, and
they are more likely to do so when the cost of reneging is large (Lemma 3). When the
cost of reneging is sufficiently large, firms may post vacancies and make offers only in
the first period (the last case in Proposition 3).

Second, when the cost of reneging is too large for firms to make offers with recall,
the possibility of multiple offers may not result in wage dispersion (the third case in
Proposition 3). This is different from Burdett and Judd (1983) and its applications in the
labor market (Wolthoff, 2014, Gautier and Moraga-Gonzdlez, 2018, Guo, 2025b), where
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the possibility of multiple offers leads to wage dispersion under the assumption that a
worker could recall all offers received within a period of time. The difference highlights
the importance of endogenizing recall and reneging.

Finally, when the cost of reneging is small and firms make all three types of offers,
the equilibrium wage distribution could have two mass points, including R at the bot-
tom and R; in the middle (Proposition 2 and Lemma 2). This is qualitatively consistent
with the observation that the empirical wage distribution has multiple mass points, in-
cluding one at the statutory minimum wage and others at higher wage levels (Dube et al.,
2025). In comparison, existing models of equilibrium wage/price dispersion have either
no mass point (Burdett and Judd, 1983, Burdett and Mortensen, 1998) or a single mass
point at the bottom (Guo, 2024).

A critical assumption of the model in this paper is that new jobs cannot start im-
mediately after a firm meets a worker. This a natural assumption for graduating stu-
dents, and it may also apply to other job seekers who cannot start a new job imme-
diately for different reasons. Wolthoff (2014) documents that employment transitions
are highly clustered around the first day of each workweek/month. This suggests that a
firm-worker meeting in the middle of a workweek/month may not result in a job until
the beginning of the next workweek/month. After meeting a worker in the middle of a
workweek/month, a firm has to choose whether to make an exploding offer requiring
an immediate decision, or to make an offer with a recall option that allows the worker
to hold on to the offer until the end of the workweek/month. After accepting an explod-
ing offer in the middle of a workweek/month, a worker may receive another offer before
starting the job in the next workweek/month, in which case the worker could choose
whether to renege on the accepted offer. The example in the working paper (Guo, 2026)
shows that the rate of reneging could be around 10% when each of the first two periods
is as short as a week.

To highlight the main ideas, the model makes some simplifying assumptions, e.g., all
new jobs have the same starting time, all workers search with the same intensity in each
of the first two periods, and a firm (worker) could meet at most one worker (firm) and
make (receive) at most one offer in each of the first two periods. I relax these assump-
tions in the working paper (Guo, 2026). Focusing on a single firm looking for a worker to
start a new job in the third period, I show that, as long as the cost of reneging is strictly
positive so that workers value the option to recall an offer, it could be optimal for the firm
to make an offer with recall in the first period even if (1) a worker could adjust his/her
search effort in the second period in response to offers received in the first period, and
(2) the firm could meet multiple workers in the first period and each of those workers
may have an offer from another firm.

Other extensions are left for future work, including

* Allowing firms to choose the length of the recall period. For example, if a firm de-
cides to make an offer to a worker in the first period but a new job can only start in
the fourth period, the firm could choose whether to require a decision by the end of
the first, second, or third period. The model in this paper suggests that firms could
offer a longer recall period in exchange for a lower wage.
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¢ Introducing a cost for exploding offers. As mentioned previously, universities tend
to discourage employers from making exploding offers. Assuming this has an effect
on firms, we can extend the model by requiring firms to pay a direct cost for an
exploding offer (as opposed to an offer with recall), and study the impact of this cost
on equilibrium outcomes.

* Allowing for wage negotiation. The survey by Cortés et al. (2023) suggests that,
among college graduates who accepted an offer before graduation, about 20% at-
tempted to negotiate their offer with the employer, less than 10% secured an in-
crease in total compensation through negotiations, and the two measures are not
significantly related to the number of offers received by an individual. In compari-
son, Hall and Krueger (2012) and Guo (2025a) show that about one third of all work-
ers bargained over pay before accepting their current or most recent job. This sug-
gests that wage negotiation plays a minor role for graduating students. However, it
is useful to study the impact of wage negotiation on recall and reneging, especially
when the model is applied to all workers.

¢ Introducing heterogeneity and uncertainty about match quality. With heterogene-
ity, we could study which firms are more likely to make offers with recall, which
workers are more likely to renege on accepted offers, and which firms and workers
are more likely to be affected by an increase in the cost of reneging. With uncer-
tainty about match quality, firms may have other reasons to make offers with recall.
For example, Antler (2019) argues that, other things equal, a worker is more likely to
accept an offer if he/she is a firm’s first choice to fill a vacancy, either because the
worker likes to be chosen first, or because being chosen first is a good signal for “the
quality of the match, the likelihood of being respected and kindly treated in the new
workplace and the chances of early promotion or dismissal". For similar reasons, a
worker may care about whether he/she is a firm’s only choice, and infer that he/she
is more likely to be the only choice after receiving an offer with recall than an ex-
ploding offer. This could make workers more likely to accept offers with recall, and
make firms more likely to offer them. The contribution of this paper is to show that,
with a small cost of reneging for workers, firms may make offers with recall even in
the absence of additional benefits from heterogeneity and uncertainty.

APPENDIX: PROOFS

PROOF OF PROPOSITION 1. First, there is no equilibrium with v1z > 0 and v1 g = v2 =0.
Otherwise, equation (3) implies that V}z(w) = —c + p?\1J(w) for any w € F; . Since
J(w) is strictly decreasing in w and w > R for any w € F;, we have 71z = {R}. With
free entry, equation (3) implies Vi g(R) = —c + p?A\1J(R) = 0 for some \; € (0,1), so that
J(R) > p%. In this case, a firm could make a strictly positive profit by posting a vacancy
with R+ e € F; for any e > O satistying J(R +¢) > <.

To see this, note first that Assumption 1 implies Ao ~ 1 when vy ~ 0. With no other
vacancy in the second period, a vacancy with R + ¢ € F» could always meet a worker.
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Moreover, with ¢ > 0, a vacancy with R + ¢ € F» could win any competition from va-
cancies posted in the first period, so that an offer from the vacancy is always accepted,
i.e., the term in the curly bracket in equation (4) is 1. Together, equation (4) implies
Va(R +¢€) = —c + pJ(R + ) > 0, making it profitable for a firm to post a vacancy with
R + ¢ € F». This contradicts the assumption that vy = 0.

Second, there is no equilibrium with v; 5 = 0 and v; gve > 0. Otherwise, there must
be a w™* > R such that Fip \ {R} = F2 \ {R} = (R,w™?*]. This claim is both part of
Lemma 1 in Guo (2024) and part of Claim 3 in the proof of Lemma 2 below. It arises
from the wage competition between vacancies posted in the two periods, which implies
wage dispersion in the form of a common connected wage support whose infimum is
the reservation wage.

Let w™ be the defined as follows

W (w™) = pp Ep, max{W (w),U} + (1 - p2)U

where the right-hand side is the expected value of a worker who enters the second period
without an offer. Consequently, w? is the lowest wage that a worker is willing to accept
in the first period if he/she has to give up the option to search in the second period.
Because a worker could still search in the second period after accepting an exploding
offer in the first period, we must have Ry < w®.

Moreover, because W (w) is strictly increasing in w, and W (R) = U, we must have
w? € (R, w™*®) when F» \ { R} = (R,w™%*]. In this case, any firm could make a profit by
posting a vacancy with w € F; g for any w € (w?,w™%). To see this, note that the offer
will be accepted in the first period because w > w” > R;. Moreover, « > 0 implies R,, >
w so that F»(R,,) > Fo(w) for any w € (w,w™®). Consequently, equations (2) and (3)
imply Vig(w) > Vi gr(w) = 0 for any w € (w,w™*), contradicting the assumption that
ME = 0. L]

PROOF OF LEMMA 1. In describing workers’ problems, I have shown that w > R for any
w € F1r. I now show that w < R; for any w € Fi .

Suppose there exists a w € Fir such that w > R;. By definition, Vir(w) = 0. As
R, >w and F5 is non-decreasing, we also have F»(R,,) > Fa(w).

However, if Fo(R,,) > Fa(w), equations (2) and (3) imply Vi g(w) > Vi g(w) = 0. Con-
sequently, any firm posting w € F; g could make a profit by switching to w € F;g. This
contradicts the assumption that w € 71 g.

Similarly, if F>(R,,) = F2(w), equations (2)) and (3) imply Vi g(w) = Vig(w) = 0.
Since R,, > w > Rj, there exists a w’ € (Ry,w) such that R, € (w,R,,). Because
F>(Ry) = F2(w), we have F»(R,,) = Fa(R,,). Equation (2) implies Vi g(w') > Vig(w) =
0, so that any firm posting w € F; g could make a profit by switching to w’ € F;g. This
again contradicts the assumption that w € Fi g. O

PROOF OF LEMMA 2. I break the lemma into a series of claims and prove them sequen-
tially.
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CLAIM 1. In any equilibrium with vy gvy gve > 0, F1 g has either no mass point or a single
mass point at Ry, F1r has either no mass point or a single mass point at R, and F» has
either no mass point or a single mass point at R. If R is a mass point for Fy p, then R ¢ F»,
and vice versa.

I first show that F3 i has either no mass point or a single mass point at R. With
Fir C [R, R1] from Lemma 1, I need to show that F;  has no mass pointin (R, R1].

Suppose Fjr has a mass point at w € (R, R;]. There must be an arbitrarily small
e € (0,w — R] such that v’ ¢ F» for any w’ € [w — ¢,w]. Otherwise, any firm posting
w’ € Fy for some w’ € [w — ¢, w] could make a profit by switching to w + € € F». This
is profitable because, according to equation (4), the firm could now beat the mass of
competing offers with w € 77, which leads to a discrete jump in the offer acceptance
probability that outweighs the minimal decrease in the value of the job to the firm J(w)
that is continuous in w and thus e.

However, if w’ ¢ F» for any v’ € [w — €,w], we have Fi(w — €) = F3(w), and any firm
posting w € Fyr could make a profit by switching to w — e € F1r. This is profitable
because, according to equation (3), the lower wage raises the value of the job to the firm
without any effect on the offer acceptance probability.

Together, the arguments imply that F;p cannot have a mass point at any w > R.
Similar arguments work for F i at R; and F5 at R.

If R is a mass point of F p, equation (4) implies that any firm posting R € F» could
make a profit by switching to R + ¢ € F» for € > 0 but arbitrarily small. This allows the
firm to beat the mass of competing offers with R € F; r, which leads to a discrete jump
in the offer acceptance probability that outweighs the minimal decrease in the value of
the job to the firm. As aresult, we must have R ¢ F». The reverse can be proved similarly.

CLAIM 2. In any equilibrium with vigvigve > 0, if F1g is not a singleton, it must be a
connected set with Ry as the infimum. Similarly, if F1r is not a singleton, it must be a
connected set with R as the infimum.

If 71 r is neither a singleton nor connected, there must exist {w;, w2} C [R, R1] such
that w; < ws, wy € Fig and Fyg(w1) = F1r(ws). In this case, we must have w ¢ F, for
any w € (w1, wz]. Otherwise, because Fig(w) = Fir(w1) and F1g(R,,) = Fig(R,,) =0,
the latter of which is due to the fact that R, <R, < R, equation (4) implies that any
firm posting w € F> for some w € (w1, ws] could make a profit by switching to w; € Fs.
This is profitable because the lower wage raises the value of the job to the firm J(w)
without any effect on the offer acceptance probability. However, if w ¢ F> for any w €
(w1, ws] such that Fp(w;) = F2(w2), equation (3) implies that any firm posting ws € Fi g
could make a profit by switching to wy € F;r. This contradicts the assumption that
wg € F1r. Consequently, 71 p must be a connected set if it is not a singleton.

Let w; be the infimum of 1. If w; # R, then w; € (R, R1]. In this case, we must
have w ¢ F» for any w € (R, w;]. Otherwise, because Fir(w) = F1r(R) = F1g(R,,) =
Fip(Ry) =0 for any w € (R,w;], equation (4) implies that any firm posting w € 73 for
some w € (R, w;] could make a profit by switching to R € F». This is profitable because
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the lower wage raises the value of the job to the firm J(w) without any effect on the offer

acceptance probability. However, if w ¢ F» for any w € (R, w;] such that Fa(w;) = F2(R),

equation (3) implies that any firm posting w; € 1 r (or slightly above w; if the infimum

is not in the support) could make a profit by switching to R € 77 . This contradicts the

definition that w; is the infimum of 77 . Consequently, the infimum of F; g must be R.
Similar arguments work for 7, p and R;.

CLAIM 3. In any equilibrium with vigvigvs > 0, F2 N (R, R1] = Fir \ {R}, F2a N
(RR,+00) ={Ry|w e Fig \ {R1}}, and Fo N (Rq,RR,) is empty.

I first show that 7> N (R1, Rg, ) is empty. For any w € (R1, R, ), because Fig(w) =
Fip(R1) =1and Fig(R,) = Fig(Rg,) = 0, equation (4) implies that any firm posting
w € Fo could make a profit by switching to R; € F». This is profitable because the lower
wage raises the value of the job to the firm J(w) without any effect on the offer accep-
tance probability. Consequently, w ¢ F» for any w € (R1, RR, ), i.e., Fo N (R1,RR,) is
empty.

Next, I show that 7> N (R, R1] = Fir \ {R}. I consider two cases. First, if 71z \ {R}
is empty, then 7> N (R, R1] must be empty. Otherwise, any firm posting w € F» for some
w € (R, R1] could make a profit by switching to w’ € F; for any v’ € (R, w). This is be-
cause Fip(w) = Figr(w’) =1 and F1g(R,) = Fie(R,,) = 0, which, according to equa-
tion (4), imply that switching to the lower wage w’ < w raises the value of the job to the
firm J(w) without any effect on the offer acceptance probability. Consequently, w ¢ F»
forany w € (R, Ry],i.e.,, Fo N (R, R1] is empty.

Second, if 71 g \ {R} is not empty, then it must be connected. That is, for any w; <
wa, {wi,w2} C Figr \ {R} implies [w1,w2] C Fir \ {R}. In this case, we must also have
[w1,ws] C Fa. Otherwise, there must be some wq < woy such that, for any w € [wy, wa], we
have w € Fir \ {R} but w ¢ F>. This is impossible because it implies F»(w1) = F2(w2),
which, according to equation(3), implies that any firm posting ws € F; g could make a
profit by switching to w; € F; g, contradicting the assumption that wy € F; . Because
[w1,w2] C Fa forany [wy,wz] C Fir \{R}, and F1g \ {R} C (R, R1], we have F1p \ {R} C
Fa2N (R, Ry).

To show the reverse that 71z \ {R} 2 F2 N (R, R1], let w; and ws be the supre-
mum of F1r \ {R} and F2 N (R, R1], respectively. Because F1r \ {R} is a connected
set with R as the infimum, we have wz > w; if Fig \ {R} 2 F2 N (R, Ry] is false. As
wy > R is the supremum of Fi i \ {R}, w2 > w; implies Fy gp(w) = Fyg(w1) =1 for any
w € (w1, wz]. Additionally, we have Fg(R,,) = F1g(R,,) = 0 for any w € (w1, w2] be-
cause R, < w < wg < Ry. According to equation (4), the two equalities imply that any
firm posting w € F» could make a profit by switching to w; € F2. That is, we must
have w ¢ F» for any w € (w1, ws], contradicting the definition that ws is the supremum
of F» N (R, R1]. Consequently, we must have 71z \ {R} 2 F2 N (R, R1] and, in turn,
FaN (R, R =Fir \ {R}

Similar arguments imply that 7> N (Rg,,+00) = {Ry|w € F1g \ {R1}}.

CLAIM 4. In any equilibrium with vi gvirve > 0, Ry is the supremum of F1 .
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Let wgyp be the supremum of Fi g. If weyy # R1, then wgyy € [R, R1), and w ¢ F» for
any w € (wsup, Rr,) such that F»(wsy.p) = F2(Rg,), which, according to equations (2)
and (3), implies that any firm posting R; € 7 could make a profit by switching to
wsup € F1r. This contradicts the claim that R; is the infimum of 7; . Consequently,
the supremum of F; p must be R;.

CLAIM 5. Inanyequilibrium withv, gvi grve > 0, Ry isamass point of F1 g, and Rr, ¢ F».

Suppose R; is not a mass point of Fyp. Because R; is the infimum of Fig,
and 7> N (RR,,+) = {Ry|w € F1g \ {R1}}, we have Fig(R1) =0 and Rp, + €€ F»
for € > 0 but arbitrarily small. However, because Figr(Rgr, + ¢) = Fir(R1) =1 and
lim¢ o Fy E(RI_?,Rl Jre) =Fig(R1)=0=Fig (R}_%ll), equation (4) implies that any firm post-
ing Rp, + € € F» could make a profit by switching to R € F>, contradicting the assump-
tion that Rp, + € € F». Consequently, R; is a mass point of F; ;.

Since R; is a mass point of F; ;, equation (4) implies that any firm posting R, € F>
could make a profit by switching to Rr, + € € F> for € > 0 but arbitrarily small. This
allows the firm to beat the mass of competing offers with R; € 7, which leads to a
discrete jump in the offer acceptance probability that outweighs the minimal decrease
in the value of the match to the firm. As a result, we must have Rg, ¢ Fo.

CLAIM 6. In any equilibrium with v v gve > 0, we must have w > Ry > R.

First, we cannot have w = R; = R. Otherwise, we would have Figp = Fir = Fo =
{R}. Then any firm posting R € F; p could make a profit by switching to R + ¢ € F; y for
e > 0 but arbitrarily small, because it allows the firm to win the competition against all
firms posting R € Fa.

Second, we cannot have @ > R; = R. Otherwise, we would have 7> = {R,|w €
(R1,w]}. Consider a worker who accepts an offer with R; € F; g in the first period. There
are two possibilities. (1) The worker receives no offer in the second period. With R; = R,
the payoff in the third period is W(R;) = U, so that the net benefit from accepting the
offer with R; € F; g is zero. (2) The worker receives another offer in the second period.
Because w > Rp, for any w € F», the optimal decision is to renege on the accepted of-
fer for the new one, which involves a cost « > 0 that can be avoided if the offer with
Ry € F1p was rejected in the first period. In sum, accepting an offer with Ry € Fyp is
not an optimal choice, contradicting the definition of R;.

Finally, we cannot have w = R; > R. Otherwise, we would have 7> \ {R} C (R, R1].
In this case, accepting an offer with Ry € Fip is strictly better than rejecting it, again
contradicting the definition of R;.

With above claims about F; g, F1r and F5, we can use the profit-maximization and
free-entry conditions to obtain their expressions as follows.

With profit maximization, we have V2(R,,) = Va(Ry) for any w € (R;,w]. Together
with Fip(w) < Fig(w) =1 and Fir(Ry) = Fir(Rg) = 1, this implies equation (5). Be-
cause F} g is continuous from the right, the equation also holds at w = R;.
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Similarly, we have Va(w) = Va(Ry1) for any w € (R, R;]. Together with Fig(R;,) =
F1E(R§11) =0and F1g(w) < F1r(R1) = 1, this implies equation (6). Because F} y is con-
tinuous from the right, the equation also holdsat w =R .

For any w € (Rp,, Rg], we have Vig (R, ) = Vig(w). Since F»>(w) < F»(Rg) = 1, this
implies the second line of equation (7), which holds at w = R, because F5 is continu-
ous from the right. Because 72 N (R1, Rg,] is empty, we have F»(R1) = F>(Rp, ). Since
Vir(w) = Vigr(R1) for any w € (R, R;], this implies the first line of equation (7), which
holds at w = R because F; is continuous from the right.

Because of free entry, we have V; g(w) = 0. Together with F»(R) = 1, this implies
equation (10). Similarly, Vo(Rg) = 0 and Fyg(w) = 1 imply equation (11). Moreover,
Va(R1) =0, F1g(R1) =1and F1g(Ry, ) =0 imply equation (9).

Because F1r(R) >0, F2(R) > 0 and F1r(R)F>(R) = 0, which is due to the last part
of Claim 1, we have either F»(R) > Fyr(R) = 0, which implies pA2(1 — p1)J(R) = ¢ and
A2 (1—p1) > pA1(1—p2), or Fir(R) > F2(R) = 0, which implies p?\; (1 — u2)J(R) = cand
pA1(1 — p2) > A2(1 — p). Together, the two cases imply equation (8). O

PROOF OF PROPOSITION 2. First, because J(w) is strictly decreasing in w, and J(R) > p%,
for any @w > R where J(w) > p%, there is a unique \; € (0, 1) that solves equation (10).
Under Assumption 1, this uniquely pins down v; and p1, where v, is strictly positive and
finite and uy € (0,1).

Second, because J(w) is strictly decreasing in w, and J(Rp) > %, forany w > R where
J(Rg) > o there is a unique A3 € (0,1) that solves equation (11). Under Assumption 1,
this uniquely pins down v and p2,where v; is strictly positive and finite and s € (0,1).

Third, because J(w) is strictly decreasing in w, and J(R) > p%, for any w > R where
J(w) > 0, as Ry increases from R to w, the left-hand side of equation (12) increases
strictly from —[1 — %]n <0to fg} %dW(w) > 0. Consequently, for any w > R where
J(w) > 0, there is a unique R; € (R, w) that solves equation (12).

Fourth, for any u; € (0,1), A2 € (0,1) and J(R;) > 0, which is true for any R; €
(R,w) and J(w) > 0, as = increases from 0 to 1, the left-hand side of equation (9)
increases strictly from pA2(1 — p1)J(R1) to pA2J(R1). Because equation (8) implies
pA2(1—p1)J(R) <¢ and J(R1) < J(R) for any R; € (R, w), we have pAa(1 — p1)J(R1) <
c. On the other hand, because J(R;) > J(Ry) for any R; € (R,w), equation (11) im-
plies pA2J(R1) > c. Consequently, for any p; € (0,1), A2 € (0,1) and Ry € (R,w) where
J(w) > 0, there is a unique 7 € (0, 1) that solves equation (9). This pins down v; g and
v1R, both of which are strictly positive and finite.

Together, the four arguments imply that, for any @ > R where J(w) > % and
J(Ryp) > %, (v1g,v1R,v2, R1) are determined uniquely by equations (9) to (12). With
this, @ is determined uniquely by equation (8) if J(R) > p% and inequality (13) holds.

To see this, note that, under Assumptions 1 and 2, equation (10) implies v; is strictly
decreasing in w, equation (11) implies vy is strictly decreasing in w, and the left-hand
side of equation (8) is strictly decreasing in both v; and v2. Consequently, the left-hand
side of equation (8) is strictly increasing in .

When w = R such that \; = /\1J(R) and p1 = ui](R), the left-hand side of equation (8)

is strictly less than the right-hand side if J(R) > p% and inequality (13) holds. As w
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increases, we could reach a point where either A\; = 1 or Ay = 1. If \; = 1 such that
w1 =0, the left-hand side of equation (8) is greater than pAs JJ(R) > pA2J(Ry) = ¢. Oth-
erwise, if Ao = 1 such that uy = 0, the left-hand side of equation (8) is greater than
p*A\1J(R) > p?\1J(w) = c. The two cases (either A\; = 1 or \y = 1) imply that, as w in-
creases from R to a value where both A\; € (0,1) and A2 € (0,1), the left-hand side of
equation (8) increases strictly from below the right-hand side to above it. Consequently,
w is uniquely determined by equation (8) at a point where both \; € (0,1) and A2 € (0,1).
Accordingly, equation (10) implies J(w) > p%, and equation (11) implies J(Rg) > rE
With (vy g, v1 g, v2, R1,w) determined uniquely by equations (8) to (12), (Fy g, FiR, F»)
are determined uniquely by equations (5) to (7). O

PROOF OF PROPOSITION 3. Ifavacancy with w > R in the first period could be filled with
probability 1 by the end of the second period, its value would be —c + p?J(w) < —c +
p?J(R). Because Assumption 1 implies \; < 1 for any v; > 0, no vacancy in the first
period can be filled with probability 1. Consequently, the value of a vacancy with w > R
in the first period is strictly less than —c + p?.J(R), and no vacancy is posted in the first
period if J(R) < 5. The same argument implies that no vacancy is posted in the second
periodif J(R) < 5 With ¢ >0and p € (0,1), we have p% > 2,80 that no vacancy is posted
in either period if J(R) < - This proves the first case.

If J(R) € (5, 2], vacancies can only be posted in the second period. With v; =0,
equation (4) implies Va(w) = —c¢ + pA(v2)J(w) for any w > R. Since J(w) is strictly de-
creasing in w, all vacancies in the second period offer the same reservation wage R, i.e.,
F2 = {R}. With free entry, we have V2(R) = —c + pA(v2)J(R) = 0, which determines a
unique and finite v2 > 0. This proves the second case.

The last two cases result from the following three claims.

CLAM 7. IfJ(R) > % and J(Rp) < max{£, (1 - ] (BN J(R), the equilibrium cannot be
any of the following five cases: (1) vip =0, vig >0 andva =0, @) vig =0, vig >0 and
vy >0, 3)vigvirve >0, @) vig=vir=v2=0 and B)vig=v1ig=0 andvg > 0.

Since the first two cases are ruled out by Proposition 1, and the third case is ruled out
by Proposition 2, we only need to rule out the last two cases.

If vig =v1g =0, equation (4) implies Vao(R) = —c + pA(v2)J(R). With J(R) > p%,
Va(R) is strictly positive for some vz > 0. Consequently, it is optimal for firms to post a
small number of vacancies offering the reservation wage R in the second period. This
rules out the fourth case.

Ifv1p =v1gr =0and vy > 0, itis optimal for all vacancies in the second period to offer
the reservation wage R. In this case, equation (3) implies V g(R+¢) = —c+ p?\(v1)J (R+
¢) for any ¢ > 0. With J(R) > p% and v1g =0, Vir(R + ¢) is strictly positive for some
v1r > 0 and e > 0. Consequently, it is optimal for firms to post a small number of vacan-
cies in the first period making offers with recall and a wage slightly higher than R. This
contradicts the assumption that v; g = 0.

CLAMS. IfJ(R) > % and J(Rp) < max{<, (1- ) ™) J(R)}, an equilibrium with v, p =

0 and vy gvz > 0 exists if (1 — /,L‘IJ(R) )J(R) > 5, and the equilibrium is uniquely determined
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(R)

byvig = v‘lj > 0, a finite vy > 0 given by pA(v2)(1 — ui](R))J(R) =c¢, F1g = F2 ={R},

and R, = R.

Let w be the supremum of F; g. In any equilibrium with v; g =0 and vy gv2 > 0, due
to the wage competition between vacancies posted in the two periods, F; g is contin-
uous over Fig \ {R1} = (R1,w], and F> is continuous over F» \ {R} = (Rg,, Ry|. The
proof is similar to those in Lemma 2.

Different from Lemma 2, where vy gvy gvo implies w > R; > R, with v1z = 0 and
v1gv2 > 0, we must have w = Ry = R. First, if Ry > R, any firm posting R, € F1g could
make a strictly positive profit by switching to R € F;g. This switch is profitable be-
cause it leads to a jump in J(w) without any effect on the vacancy filling rate. Second, if
w > R; = R, then R cannot be the reservation wage in the first period, contradicting the
definition of R;. The proof is omitted, because it is the same as the second case in the
proof of Claim 6.

With w = Ry = R, we have 715 = F2 = {R}. F1g = {R} implies Vig(R) = 0. With
F» = {R}, equation (2) implies p?\(v1)J(R) = c. Under Assumption 1 and Definition 2,

this determines a unique and finite v; = Ui] ) > 0as long as J(R) > p%. With vy =0,
we have vip =v1 = vi](R). Moreover, v = vi](R) implies 411 = ui](R).

Similarly, 7, = {R} implies Va(R) = 0. With yy = pJ®

pA(v2)(1 — ui](R))J(R) = ¢. This determines a unique and finite vy > 0 as long as
J(R c
(=!I (R) > €.

With p?\1 J(R) = c and F» = { R}, equation (3) implies V; r(w) < 0 for any w > R, so
that v; g = 0. Moreover, equation (2) implies Vi g(w) < 0 for any w > R, so that Fip =
{R}. In order for F» = {R}, we need V2(w) < 0 for any w > R. With Vo(R) =0, vy1g =0
and 71 g = {R}, we only need to show Va(Rp + ¢) < 0 for any € > 0. This is true if and
only if pA(v2)J(RR) < c. With pA(v2)(1 — uf(R))J(R) = ¢, this is equivalent to J(Rp) <

J(R)
(1—py ) J(R).

, equation (4) implies

CLAIMO. IfJ(R) > % and J(Rp) < max{£, (1—py ) J(R)}, an equilibrium with v, >

0 and vy =0 exists if (1 — ui](R))J(R) <2 and the equilibrium features F1p = {R}, Ry =
Rovi=v] ™ 50,701 - 21— | and Fz = (R} ifr > 0.
P J(R)

With vy = 0, it is optimal for all vacancies in the first period to offer the reservation
wage R. Consequently,

* v1p > 0 implies 71 = {R}, R1 = R, and Vi g(R) = 0. With vz = Vi g(R) =0, equa-
tion (2) and Definition 2 imply v; = v‘l](R) > 0.

e If v1 5 > 0, we must also have F;p = {R} and V1 zr(R) = 0. The latter places no ad-
ditional restriction, because equations (2) and (3) imply that Vi r(R) = 0 as long as
v =10 and VlE(R) =0.

In order for vz = 0, we must have V2 (w) < 0 for any w. With 71 = {R} and F1p =
{R}ifv1g > 0, if a firm decides to post a vacancy in the second period, the optimal wage
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is either R + ¢ or Ry + ¢ for some arbitrarily small € > 0. Intuitively, posting a vacancy
with R + ¢ € F; allows a firm to win the potential competition against any vacancy with
R € F1r, while posting a vacancy with Rr + ¢ € F» allows a firm to win the potential
competition against any vacancy posted in the first period.

Consequently, v2 = 0 implies V2(R + ¢) < 0 and Va(Rr + €) < 0 for any € > 0 and
Az € [0,1]. With equation (4), the two inequalities imply J(Rg) < £ and

1= 4] PRy < <

p
In order for the above inequality to hold for some = € [0,1), we must have (1 —
J(R) < c h 1 pJ(R)—c
pi7)J(R) < 5, sothatm € [0, 7pu‘1}(R)J(R)]. O

PROOF OF LEMMA 3. If 8“_’ > 0, then a'](i’) < 0, and equation (10) implies ml > 0.
Moreover, 8“’ >0 1mphes 83“’ >0and 8‘](1:‘“’) < 0. With equation (11), we have aAQ > 0.
Under Assumpuon 1, ‘”1 > O implies 8“1 <0, and 8’\2 > 0 implies % 6“2 <0.In thls case,
the left-hand side of equatlon (8) is strlctly 1ncreas1ng in k. Because the right-hand side
of the equation is independent of «, this cannot hold in equilibrium. Consequently, we
must have e <O0.

With g"” < 0, we have Bé(w) > 0, so that equation (10) implies % a’\l < 0, and Assump-
tion 1 implies 91 - 0 and 8’” > 0.

If ‘91;2 >0, We would have ‘96’\2 <0 and 8“2 > 0, which, together with a’\l < 0and
8“1 > 0, imply that the left-hand side of equatlon (8) is strictly decreasing i 1n . Because
the right-hand side of the equation is independent of «, this cannot hold in equilibrium.
Consequently, we must have 0“2 <0. O
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