
Multi-market Simultaneous Search:

More Can Be Less∗

Xiaodong Fan† Chao He‡

August 5, 2017

Abstract

We study search intensity at the extensive margin: workers can choose how

many markets to simultaneously search in. It incurs a novel type of externality

that induces strategic complementarity among workers. Higher search intensity

can hurt job creation because a match is more likely to be rejected. Multiple equi-

libria may arise and reducing search cost can induce an equilibrium with lower

matching efficiency. Hysteresis is also possible. We calibrate the model to the U.S.

economy before the Great Recession, and the calibrated model features multiple

equilibria. The model responds differently to productivity and financial shocks:

transitory and large financial shocks alone can cause a permanent switch of equi-

libria as the unique dynamic outcome, whereas productivity shocks, as observed

in the data, cannot. Our model matches several salient features of the U.S. labor

market after the 2008 financial crisis.
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1 Introduction

The Mortensen-Pissarides (MP) search and matching framework, due to its empir-

ical success and modeling effectiveness, has become the canonical approach to intro-

duce equilibrium unemployment in macroeconomic models. There is also a standard

way to model search intensity: an input-augmenting technical change in the match-

ing function. It measures how hard a worker searches in a market. In this frame-

work, the search intensity among workers is a strategic substitute due to the usual

congestion externality. Such externality can be offset by the entry of firms, and in

the aggregate, there is complementarity between job creation and search intensity (see

Pissarides 2000).1

We study search intensity at the extensive margin in an otherwise standard MP

framework. It is motivated by a simple observation: an unemployed worker can

increase the chance of being employed by searching harder in a market (the inten-

sive margin), or by simultaneously searching in more markets (the extensive margin).

We call increasing search intensity at the extensive margin multi-market simultaneous

search (MMSS). We find that it incurs a novel type of externality with firm entry. Now

the search intensity among workers can be a strategic complement. Multiple equilibria

may arise. In the aggregate, higher search effort by workers can reduce job creation

– more can be less. Lower search cost can make everyone worse off because switch-

ing to the equilibrium with higher search intensity could be less efficient in matching

workers with firms.

The aggregate economy in the MMSS model has many interesting features. We

calibrate the model to the U.S. economy before the Great Recession and the calibrated

model has multiple steady-state equilibria. Large and transitory financial shocks can

induce higher search intensity and permanently lead the economy into the high-search-

intensity steady state as the unique dynamic outcome. This result matches the mag-

nitude and the persistence of the unemployment experience after the 2008 financial

1This way of thinking has profound influence. Many policies are based on the idea that search effort
is socially desirable (e.g., length of unemployment benefits and measures to boost effort).
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crisis and the pattern of search intensity of the unemployed (Mukoyama et al. 2017

document the search intensity of the unemployed increased during the crisis and has

remained high since).2 It is also consistent with the decreased matching efficiency (e.g.,

shifted Beveridge curve) and the observation that workers in markets with worse la-

bor market conditions search more broadly elsewhere.3 Productivity shocks, however,

are less likely to induce the hysteresis response because they lower wages and thus di-

minish the incentives of MMSS. These stark results suggest that financial shocks are

particularly costly to the labor market. We also discuss how to recover from the hys-

teresis.

To the best of our knowledge, this is the first attempt to model search intensity in

terms of how many markets to simultaneously search in the MP framework. Several

authors use a multi-firm framework with directed search to study simultaneous search

(see, e.g., Albrecht et al. 2006, Galenianos and Kircher 2009, and Kircher 2009). Only

few consider endogenous search intensity in this framework (see, e.g., Gautier and

Moraga-González 2017 and Gautier et al. 2017), as it is computationally complicated.

In this literature, there is not yet a study on endogenous search intensity in a dynamic

setting.

We study endogenous search intensity in the MP framework for four reasons. First,

the multi-market MP framework is more tractable to study endogenous search inten-

sity at the extensive margin and its dynamic responses to various types of shocks.

Second, due to its popularity, it is desirable to extend the existing MP framework to

consider MMSS. Note that a market can be interpreted broadly: it can be a geographi-

cal location, an industry, a type of occupation, or a particular way in which firms and

workers meet. Third, our approach does not rely on the specific microfoundation of

2The standard labor search models with search intensity (Pissarides, 2000; Shimer, 2004), predict
procyclicality. However, many research find job search intensity is countercyclical or positively corre-
lated with the local unemployment rate (e.g., Shimer, 2004; Aguiar et al., 2013; Faberman and Kudlyak,
2014; Mukoyama et al., 2017). Assuming substitution between search intensity and market tightness is
able to generate the countercyclicality, as shown in Mukoyama et al. (2017). Wealth effect can also be
important. However, these theories can not explain the permanent increase of search intensity after a
crisis.

3An interesting case is the market for junior economists. After the Great Recession, those trained in
the U.S. look for jobs in more countries than before. For other evidence, see Section 4 .
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the matching process.4 Last, our multi-market framework can more easily capture two

realistic features of the job search process. The fixed cost of learning about a new mar-

ket is usually much higher than the cost of actually sending an application. Switching

markets typically comes with a fixed cost, such as moving cost and training cost.5

One of our contributions is to advance a novel theory of multiple equilibria and

hysteresis. The source of multiplicity in our theory is different from existing studies.

One can generate multiple equilibria with increasing returns to scale in production

or in matching. Other sources of multiplicity can be demand externality, shopping

externality or the complementarity between liquidity and entry. Our theory is differ-

ent. In each market or the aggregate economy, both production and matching have

constant returns to scale. The source of multiplicity in our paper come from the fact

that a match is more likely to be rejected if more workers adopt MMSS (we call it

the match-rejection externality).6 Our theory is further different from studies that fea-

ture sunspot switching equilibria. In our model, the switching of equilibria can be the

unique equilibrium path in response to shocks.

This paper relates to the study of financial shocks and the sluggish recovery of the

labor market after the 2008 financial crisis. Shimer (2012) and Bils et al. (2014) use

wage rigidity to capture the business cycle behavior of the labor market, especially the

“jobless” recoveries. Several previous downturns are associated with financial shocks

(Jermann and Quadrini 2012). Many studies have explored how financial shocks can

affect the economy through various channels (see, e.g., Monacelli et al. 2011, Chen et

al. 2012 and Buera et al. 2015). Our endogenous MMSS channel is different, and the

4There is yet no microfoundation for the CRS matching function that dominates all others.
5Marinescu and Rathelot (2014) document that people dislike distance and yet do seriously consider

jobs far away.
6For increasing returns to scale in production, see e.g., Benhabib and Farmer (1994), Farmer and

Guo (1994), Christiano and Harrison (1999) and Mortensen (1999). For increasing returns to scale in
matching, see e.g., Diamond (1982), Diamond and Fudenberg (1989) and Boldrin et al. (1993). For de-
mand externality, see e.g., Heller (1986), Roberts (1987) and Cooper and John (1988). In Rocheteau et
al. (2005), multiple equilibria arise due to the complementarity between liquidity and entry if agents
trade according to Nash bargaining. A recent work of Kaplan and Menzio (2016) combines demand
externality with shopping externality, the latter of which captures the idea that unemployed workers
spend more time searching on the goods market thus lowering the profit margin of firms. Our hys-
teresis result is different from Blanchard and Summers (1986), who emphasize the power of insiders to
influence wages.
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persistent effects of financial shocks come from the switching of equilibria in the labor

market.

Our theory also provides new insights in interpreting existing research on mis-

match (see, e.g., Sahin et al. 2014 and Lazear and Spletzer 2012). Conventional wisdom

says that mismatch is costly and the less of it, the better. Our theory says otherwise.

The fact that a particular type of mismatch is weak can mean that the related MMSS

is strong. In our theory, more can be less. Higher search intensity in terms of MMSS

reduces the observed mismatch, however, it can also lower matching efficiency and

job creation. So less observed mismatch can also be costly if that means more MMSS

by workers.7

The rest of the paper is organized as follows. Section 2 demonstrates the mecha-

nism of simultaneous search in a two-period-two-market setting, where productivity

shocks and financial shocks are compared. We also discuss an N-market version which

is isomorphic to our two-market setting. Section 3 studies the dynamic version of the

model. Section 4 carries out the calibration and simulation, while Section 5 concludes.

2 The Two-period Model

2.1 Environment

There are two different markets (Market 1 and 2) and two types of workers (Type

1 and 2) with measures u1 and u2, respectively. Workers has linear utility. Time is

discrete and runs for two periods. In the first period, firms post vacancies and work-

ers search for jobs. In the second period, labor market outcomes realize and agents

produce and consume. An employed worker produces y and an unemployed worker

receives yu (< y) as unemployment payoff. Wage is determined by bargaining.

7Marinescu and Rathelot (2014) argue that relocating job seekers would not be quantitatively im-
portant, because workers can easily use simultaneous search to overcome the geographical mismatch.
However, they assume that each location supplies a fixed number of vacancies and each worker sends
a fixed number of applications. Our theory works precisely through the interaction of the endogenous
search intensity and job creation. If workers are relocated so that they no longer need to conduct MMSS,
then unemployment might be greatly reduced, according to our theory.
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Workers can choose to search in either one or two markets. Market i is called the

“home” market of Type i workers and the “away” market of Type j ( 6= i) workers. For

concreteness, one can think of a market as a geographical location.8 For a worker, the

search cost of looking for a job in the home market is zero whereas it is cu (> 0) in the

away market. If employed in the away market, workers need to pay a one-time cost

c (≥ 0), which represents the direct cost of relocation, or preference over markets.

Let vi be the measure of vacancies in Market i. Since workers might search in

both markets, the measure of applicants in Market i, which we denote by ni, might be

greater than the measure of local job seekers, ui. In each market, given the measure of

vacancies v and applicants n, there are m (v, n) matches. A match might not become a

job if the worker also receives a match from the other market, see below. An applicant

(firm) in a market can at most find one match in that market.9 Assume m (v, n) is

increasing in both arguments, constant-returns-to-scale and m (v, n) ≤ min {v, n}. Let

the market tightness be θ = v/n in a market, then the chance of finding a match in this

market is m (v, n) /v = m
(
1, n

v
)
= q (θ) for a vacancy, and m (v, n) /n = θq (θ) = f (θ)

for an applicant. Note that q (θ) is decreasing in θ, whereas f (θ) is increasing in θ. Both

f (θ) and q (θ) are positive and smaller than unity. We also assume f (θ) is concave as

usual. On the firms’ side, the cost of creating a vacancy is cv in either market. We

assume free entry, which drives firms’ profit to zero.10

We need to emphasize two assumptions about the matching process in the MMSS

model. First, in each market, the matching function is the same as the usual single-

market search models, but now a worker may simultaneously receive two matches,

one from each market. Second, we assume the matching functions in the two markets

are independent of each other. That is, searching in the away market does not directly

8If we think a market as an occupation or an industry or any other dimension, then “home” means
the one that a worker is familiar with.

9To map into reality, a match can be seen as the best acceptable offer that a worker receives in a
market during a given period of time.

10We assume firms cannot conduct MMSS because by definition a vacancy in Market i promises a job
opportunity in Market i (think it as a location or an industry) so the same vacancy should not appear
in the matching function of another market. Of course, in reality firms in Market i can try to attract
workers from other markets. But in our language that would mean MMSS by the workers. We abstract
from these advertisement efforts by firms. See Pissarides (2000) for a discussion.
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affect a worker’s chance of finding a match in the home market and vice versa. Any

microfoundation of the MP framework that is consistent with these two assumptions

is also consistent with our model. Mathematically, the job finding rate, λi, for a Type i

worker can be written as:

λi = 1− [1− f (θi)] , without simultaneous search, (1)

λi = 1− [1− f (θi)]
[
1− f

(
θj
)]

, with simultaneous search, (2)

where i 6= j. Equation (2) says a worker can find a job unless she cannot find a match in

either of the two markets that she searches in. An individual worker takes the market

tightness as given, thus searching in more markets always increases an individual’s

chance of securing a job, though at the cost of cu. Let Γi be the net surplus of simul-

taneously searching for a Type i worker, i.e., the difference between the payoffs of

multi-market simultaneous search and home-market search only,

Γi =
{
−cu + [1− f (θi)]

[
1− f

(
θj
)]

yu + f (θi)
[
1− f

(
θj
)]

wi + [1− f (θi)] f
(
θj
) (

wj − c
)

+ f (θi) f
(
θj
)

max
(
wi, wj − c

)}
− { f (θi)wi + [1− f (θi)] yu}

=− cu + [1− f (θi)] f
(
θj
) (

wj − yu − c
)
+ f (θi) f

(
θj
) [

max
(
wi, wj − c

)
− wi

]
,

(3)

where i 6= j, and wj is the wage in Market j. Simultaneous search is profitable if and

only if Γi > 0. Because the key decision (and the only decision) that workers must

make is whether to search in the away market simultaneously, our focus is on the

property of the Γ function.11

For wage determination, we assume Nash bargaining with bargaining power ρ of

workers. In the bargaining, we assume bargaining happens after c is paid.12 Thus, the

wage must satisfy:

max
w

(w− yu)
ρ (y− w)1−ρ , (4)

11An unemployed worker always searches in the home market because we assume it is costless and
y > yu.

12We can also assume bargaining happens before c is paid. See Footnote 14 for a discussion.
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and we have the wage equation:

w = ρy + (1− ρ) yu. (5)

In this two-period setting, our wage equation is not affected by market tightness. This

would also be true in a dynamic setting if the threat is to delay production rather than

to terminate the match. Hall and Milgrom (2008) argue that the threats to end the re-

lationship are not credible. In the same spirit, we do not allow for competition among

firms when a worker gets matched in both markets.13 Since we assume workers pro-

duce the same output in either market, the wages from both markets are the same,

wi = wj. Therefore Equation (3) is simplified as

Γi = −cu + [1− f (θi)] f
(
θj
)
[ρ (y− yu)− c] (6)

and an unemployed worker conducts MMSS if Γi > 0.

There are four possible outcomes when workers search in both markets simultane-

ously. A worker may receive (a) only a match from the home market; (b) only a match

from the away market; (c) two matches, one from each market; and (d) no match. Note

that y > yu implies w > yu. Thus the match in (a) will always be accepted. The match

in (b) is acceptable if ρ (y− yu) ≥ c. Intuitively, if the relocation cost is too high, no-

body would search in the away market. Next consider Case (c), whose results depend

on c. If c > 0, then a worker would choose the match in her home market for sure. If

c = 0, then she is indifferent between the two matches, so we assume that she chooses

either match with equal chance.14 As shall be clear below, the main mechanism of

MMSS works in both cases. But for rigorousness, we separately study these two cases.

13Otherwise, after the worker has rejected the other match, the remaining firm has incentive to rene-
gotiate the contract, and now the worker’s threat of accepting the other match is no longer feasible. In
reality firms never promise a life-long contract with a fixed wage and a contract is usually renegotiated
every couple of years.

14Suppose c is paid after the bargaining, then the bargaining problem is similar but the wage would
be given by w = ρy + (1− ρ) (yu + c), and firms’ profit is (1− ρ) (y− yu − c). The relocation cost
would simply be shared between the worker and the firm. A worker would still prefer her local market
because she has to at least partially share the relocation cost. Since this does not affect our analysis and
results, we proceed by assuming c is paid before bargaining happens.
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Because each type of workers can choose whether to search in both markets, there

are four possible types of pure-strategy equilibria. In this paper, we focus on the fol-

lowing two types of pure-strategy symmetric equilibria: a low-intensity equilibrium

(LIE) where both types only search in their home markets, and a high-intensity equilib-

rium (HIE) where both types adopt MMSS and search in both markets. Mixed strategy

equilibrium is discussed in Appendix B. Below we start by introducing the case of zero

relocation cost.

2.2 Symmetric Equilibria with Zero Relocation Costs

A. Entry Conditions

When c = 0, we assume workers who find matches from both markets choose

either one with equal chance. We assume there is a perfect financial market so that

firms borrow the vacancy creation cost cv in the first period at real interest rate r and

generate a profit in the second period. We further assume free entry in creating vacan-

cies, which implies zero expected future profit (net of cv). Specifically, the free entry

condition for Market i firms is given by the following two equations:

cv =
1

1 + r
q (θi) (y− w) , without MMSS; (7)

cv =
1

1 + r
q (θi)

{[
1− f

(
θj
)]

+
1
2

f
(
θj
)}

(y− w) , with MMSS. (8)

The first equation is straightforward because every worker searches only in their home

markets. In the second equation, the third term on the right-hand-side includes two

components. First, given a worker receiving a match in Market i, there is 1− f
(
θj
)

probability she does not find a match in Market j, so she is sure to accept the job in

Market i. Second, there is f
(
θj
)

probability she also finds a match from Market j, so

that she only accepts the match in Market i with equal chance.

In symmetric equilibria, θi = θj. Note that q (θ) and q (θ)
[
1− 1

2 f (θ)
]

are both

monotonically decreasing in θ. Therefore each entry condition uniquely pins down a

market tightness given the search strategies of workers. We use θL and θH to denote
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the market tightness implied by (7) and (8) respectively. There may exist two types

of pure-strategy symmetric equilibria: the LIE and the HIE. Immediately we have the

following result:

Lemma 1. The market tightness with free entry is lower in the HIE than in the LIE: θH < θL.

The result is straightforward as 1 − 1
2 f (θ) < 1. In the LIE, matches are always

accepted. In the HIE, matches could be rejected and therefore wasted with a positive

probability of 1
2 f (θ). With free entry, firms require a higher chance of meeting with

workers (lower market tightness: θH < θL) to offset these rejected matches. For work-

ers, it means that it is harder for an applicant to find a match in a market in the HIE

than in the LIE. We call this the match-rejection externality imposed by MMSS. See

more discussion below. Of course, the overall probability of finding a job is not nec-

essarily lower in the HIE, because an unemployed worker searches in both markets

instead of one.

B. Equilibrium

A symmetric pure-strategy equilibrium is defined as a combination of a search

intensity level (i.e., one market or two markets) and a market tightness, which satisfy

both the incentive condition for workers (i.e., searching in only home market requires

Γ ≤ 0 and searching in both markets requires Γ ≥ 0) and the free-entry condition of

firms (i.e., (7) or (8)).

Note that in a symmetric equilibrium, (6) can be written as

Γ (θ) = −cu +

{
−
[

f (θ)− 1
2

]2

+
1
4

}
ρ (y− yu) . (9)

To see the existence of the two types of equilibria, we only need to check if θL and θH

satisfy the respective incentive conditions of workers. The LIE exists iff (if and only

if) Γ (θL) ≤ 0; and the HIE exists iff Γ (θH) ≥ 0. We have the following two situations

depending on the parameter values:

• If cu > ρ (y− yu) /4, then Γ (θ) is always negative so only the LIE exists.
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Case θL θH Γ (θL) Γ (θH) LIE HIE
1 ≥ θ̄ > θ̄ ≤ 0 < 0

√

2 ≥ θ̄
[
θ, θ̄
]
≤ 0 ≥ 0

√ √

3 ≥ θ̄ < θ ≤ 0 < 0
√

4
(
θ, θ̄
) [

θ, θ̄
]

> 0 ≥ 0
√

5
(
θ, θ̄
)

< θ > 0 < 0
6 ≤ θ < θ ≤ 0 < 0

√

Table 1: Six combinations of θL and θH

• If cu ≤ ρ (y− yu) /4, then there exist two cutoffs θ and θ̄, with f (θ) ≤ 1
2 ≤ f

(
θ̄
)
,

such that Γ (θ) = Γ
(
θ̄
)
= 0. Furthermore, if θ ∈

[
θ, θ̄
]
, then Γ (θ) ≥ 0 , and

otherwise Γ (θ) < 0.

Intuitively, if the cost of searching in the away market is high enough, then MMSS is

not profitable. In the second situation, the θ space could be divided into three regions.

Because θL > θH, we then have six cases which are summarized in Table 1. There

are five cases with at least one pure-strategy symmetric equilibrium. Mixed strategy

equilibrium is discussed in Appendix B. Most interestingly, in the second case we may

have multiple equilibria. Panel (a) in Figure 1 shows an example of multiple equilibria

with Γ (θL) < 0 and Γ (θH) > 0.

C. Match-rejection Externality and Multiple Equilibria

Although we are interested in firm entry, it is useful to shut down this channel for

the moment to help understand the mechanisms of the model. Specifically, let ṽ be the

exogenous number of vacancies in both markets. So θ̃ = ṽ/u and θ̃/2 are the market

tightness when workers search in one market and when they search in both markets,

respectively. We still rely on the Γ (θ) function to determine the incentives of MMSS.

For multiple equilibria to exist, we need Γ
(
θ̃
)
≤ 0 and Γ

(
θ̃/2

)
≥ 0. This is stated in

the following proposition:

Proposition 2. With exogenous ṽ and u in both markets, if cu ≤ ρ (y− yu) /4 and ṽ/2u ∈

(θ, θ̄) and ṽ/u > θ̄, where θ and θ̄ > θ satisfy Γ (θ) = Γ
(
θ̄
)
= 0, then Γ

(
θ̃
)
≤ 0 and

Γ
(
θ̃/2

)
≥ 0, that is, we have two symmetric pure-strategy equilibria: all workers only search

in their home markets or all workers search in both markets.
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(a) Simulation of the static model (b) After a decrease in cu

(c) After an increase in y (d) After an increase in r

Figure 1: Two-period model

The reason for multiple equilibria with an exogenous number of vacancies is purely

because MMSS causes the usual congestion externality. If more workers from Market 2

adopt MMSS then the market tightness in Market 1 would decrease, making it harder

to find jobs in Market 1 and thus MMSS becomes more attractive for workers in Market

1.

However, we know that endogenous firm entry can offset congestion externality in

our setting. Why do we still have multiple equilibria when free entry is allowed? This

is because MMSS imposes another type of externality. To illustrate, suppose now mea-

sure a1 of workers in Market 1 and measure a2 of workers in Market 2 adopt MMSS.

We have applicants n1 = u1 + a2 in Market 1 and n2 = u2 + a1 in Market 2. Then the

ex-ante discounted present value of a firm’s profit in Market 1 is given by

Π1 =
1

1 + r
q
(

v1

u1 + a2

) [
1− 1

2
f
(

v2

u2 + a1

)
a1 + a2

u1 + a2

]
(y− w)− cv. (10)
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If v1 is fixed, then an increase of a2 has two effects on Π1: it lowers the market tight-

ness θ1 = v1/ (u1 + a2) and raises the ratio (a1 + a2) / (u1 + a2). The first effect is the

congestion externality which makes Type 1 workers worse off but profit Π1 higher.

The second effect is the match-rejection externality which raises the probability that a

match in Market 1 is rejected and thus makes Π1 lower. If the match-rejection channel

is absent (i.e., a match is never rejected, that is, 1
2 f
(

v2
u2+a1

)
a1+a2
u1+a2

= 0), then endoge-

nous firm entry (i.e., Π1 = 0) would make sure that v1 increases so that v1/ (u1 + a2)

is unchanged.15 The congestion externality is completely offset.

But if the match-rejection channel is present as in (10), then as a2 increases, the θ1

implied by free entry would decrease. This is because an increase of v1 can only offset

the congestion externality, but not the match-rejection channel (i.e., the probability of

match rejection, 1
2 f
(

v2
u2+a1

)
a1+a2
u1+a2

is not affected by v1). So firms in Market 1 would

create more vacancies but not enough to make the market tightness unchanged – θ1

must be lower to compensate firms for the higher match rejection rate. Therefore Type

1 workers would find it harder to find jobs in Market 1. We call this effect the match-

rejection externality of the MMSS.

Now strategic complementarity arises. According to (6), Γ1 is decreasing in θ1. So

workers in Market 1 have higher incentives of MMSS. The intuition is that when one

finds it harder to find a job in the home market, the extra search effort in other markets

becomes more useful.16

In our model, the source of strategic complementarity is the match-rejection ex-

ternality of MMSS. Note that here the production technology mechanically has con-

15It is as if some Type 2 workers move to Market 1 and only search in Market 1.
16The effects of MMSS on workers in the other market are the same with or without relocation cost.

But the effect on workers in the same market might depend on whether the relocation cost is positive.
First suppose c = 0. In (10), consider an increase of a1. It has two effects: the ratio(a1 + a2) / (u1 + a2)
is higher whereas f (θ2) is lower. The over effects on Π1 and θ1 are ambiguous. The idea of the first
effect is that when Type 1 workers adopt MMSS, they might also reject matches from Market 1. Then
suppose c > 0. The ex ante discounted present value of a firm’s profit in Market 1 is given by

Π1 =
1

1 + r
q
(

v1

u1 + a2

) [
1− f

(
v2

u2 + a1

)
a2

u1 + a2

]
(y− w)− cv.

This effect is not present because in that case one prefer a match from home market to that from away
market.
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stant returns to scale, and both the market specific matching function m (v, n) and the

implied aggregate matching function (within the same equilibrium) have constant re-

turns to scale in u and v.17

D. Search Intensity and Job Finding Rate

Now we compare the job finding rate in the HIE and the LIE. In the current two-

period setting, a higher job finding rate means lower unemployment rate in the sec-

ond period. Lemma 1 states that θH < θL and therefore f (θH) < f (θL), which implies

that in a single market workers would find it harder to find jobs (more precisely, re-

ceive matches) in the HIE than in the LIE. But in the HIE workers can potentially find

matches from both markets – this is precisely the reason why they adopt MMSS.

It is not surprising that we can generate examples of the HIE that have higher

overall job finding rates than the corresponding LIE. After all, workers double their

search effort in the HIE. What is surprising is that we can also generate examples in

which the opposite is true – more effort is less efficient.18 This is when the match-

rejection externality is strong enough. See Section 4 for our calibrated model in which

the HIE features a lower overall job finding rate.

Next, we present a useful lemma for the comparison of the two equilibria. From

equations (1), (2), (7), (8) and the fact that f (θ) = θq (θ), the overall job finding rate in

the two types of equilibria, λH and λL, satisfy

λH

λL
=

2θH

θL
, (11)

which immediately implies the following result:

Lemma 3. If multiple equilibria exist, the job finding rate is lower in the HIE than in the LIE

if and only if 2θH < θL or equivalently vH/uH < vL/uL is satisfied.

17In either LIE or HIE, while fixing the search behavior of workers, if we double v and u then we
would double the number of matches and the number of worker-firm pairs.

18In other words, the MMSS model can provide a mechanism for generating a substitution relation-
ship between search intensity and labor market tightness, as assumed in Mukoyama et al. (2017).
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Note that the market tightness in our model is defined as the ratio of vacancies to

applicants. In the HIE, the number of applicants is the sum of unemployed in both

markets. The above lemma says observed market tightness is enough for us to infer

whether the overall job finding rate is higher or lower in the two types of equilibria.

E. Comparative Statics

We examine a fully dynamic and infinite-horizon version of the model in the next

section, but it is useful to consider comparative statics in this tractable two-period

model to get insights into how the model works.

Cost of Searching in Other Market(s)

The search cost for the away market, cu, directly affects the net surplus of simul-

taneous search (equation (6)) but not the entry of firms. If the cost of simultaneous

search is low (high) enough, workers would find it profitable to search in both (only

the local) market(s). Specifically, if cu > ρ (y− yu) /4, then Γ (θ) is always negative

and therefore no HIE is feasible. Note that a decrease in the search cost cu shifts up the

Γ (θ) curve. In the example shown in Panel (b) of Figure 1, the Γ (θ) shifts up so much

that the LIE is no longer feasible and we have the HIE as the unique equilibrium.

Over time, transportation costs have decreased, and development in information

technology (IT) enables us to learn about distant markets without physically being

there and even to do online interviews. Conventional wisdom says these development

should be good for the labor market. However, according to our theory, if a lower

search cost, cu, causes the economy to switch from the LIE to the HIE, and suppose

the match-rejection externality is strong enough, then the labor market can become

less efficient in matching workers and firms (lower job finding rate). So decreasing

the search cost may not always be good.19 Of course, the development of IT can also

19One might also use our theory to think about the high unemployment rates in Europe since the
80’s (see reference in Blanchard and Summers (1986) and Kennan (1988)). One of the core objectives
of the European Union is to establish a “common market”, which also greatly reduced the costs of
working and looking for jobs in a different country within the Union. But in our model, a permanent
decrease in search cost may shift the economy from the LIE to the HIE, as workers adopt MMSS. To see
the effects of joining the Union, we only need to note that the number of Bulgarian Turks in Germany
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increase the efficiency of the matching function itself, so the overall effect of IT can still

be positive even if that means a less efficient equilibrium.

The insight we learned from varying cu can also shed light on equilibrium selection.

If the search cost is low initially and gradually decreases over time, it is possible the

LIE is the unique equilibrium at first and later the HIE also becomes feasible. How-

ever, if nothing else changes, then the economy stays in the LIE because equilibrium

switching requires a lot of coordination. In other words, in the presence of multiple

equilibria, path dependence can be one solution for equilibrium selection.

Changes in Productivity

An interesting question related to the Great Recession is the following: starting

with the LIE as in Panel (a) of Figure 1, will a decrease in productivity cause the econ-

omy to switch to the HIE? Panel (c) plots an example with a decrease in y. Two things

happen. First, a lower y means less surplus for firms so they have less incentive to

create vacancies, requiring a lower market tightness in each type of equilibrium. The

two entry curves shift downwards, resulting in a smaller θH and θL. Second, the Γ (·)

function also shifts downwards. This is because, with an economy-wide productivity

decrease, jobs are less valuable for workers, including jobs from the away markets,

so the incentive of MMSS also decreases. In the example in Panel (c), the decrease in

productivity eliminates the HIE and preserves the LIE. In fact, from (9) we know that

if productivity is low enough such that cu > ρ (y− yu) /4, then the HIE is never fea-

sible, because the entire Γ (·) is below zero for any θ. These changes in productivity

in a two-period environment are analogous to permanent changes in productivity in

an infinite horizon setting. We discuss the effects of transitory productivity shocks in

an infinite-horizon calibrated version of the model in Section 4. But the insight we get

from here is useful for that exercise as well: a change in productivity directly affects

both the entry of firms and the Γ (·) function which describes the worker’s incentive

have significantly increased since Bulgaria was admitted into the European Union. Of course, it matters
whether people simply move to the destiny countries or conduct MMSS. Also, switching to the HIE is
not necessarily a bad thing. Although this is not the focus of the paper, we think our model provides a
different angle to look at the issue, and future research can try to quantify the effect of this channel.
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of MMSS.

Changes in Financing Costs

Given the massive labor market consequences of the 2008 financial crisis, one po-

tential application of our model is to analyze the effects of financial shocks on the labor

market. During a financial crisis, it becomes harder for firms to borrow, raising their

financing costs, which we interpret as an increase in r. From the two entry conditions,

we can see the entry curves would shift downwards if r rises. Panel (d) in Figure 1

plots an example of rising r relative to Panel (a). Compared to a decrease in productiv-

ity, adverse changes in financial conditions only shifts the entry curves downwards,

leaving the Γ (·) function intact. This is because when matched firms and workers bar-

gain over wages, the entry cost is sunk. If we start with the LIE as in Panel (a), then

we can always find an increased value of r such that θL falls within the range of
(
θ, θ̄
)

and therefore Γ (θL) > 0. In general, we have the following result.

Proposition 4. If cu ≤ ρ (y− yu) /4, then we can always find a cv (1 + r) which makes the

LIE feasible or infeasible. Similarly, we can always find a cv (1 + r) which makes the HIE

feasible or infeasible.

See Appendix A for the proof. Suppose we start with the LIE and θL > θ̄. It is clear

from Figure 1 that a small increase in the financing cost would decrease θ and thus

increase the incentives of MMSS. But an extremely large increase in financing cost

would always make Γ (θL) < 0. Using these insights, we can easily have the following

corollary.

Corollary 5. Suppose cu ≤ ρ (y− yu) /4. If we let the value of cv (1 + r) go from zero to

infinity, then the set of equilibrium would experience the six cases in Table 1.

The proof is omitted. What is particularly interesting about this corollary is that

given condition cu ≤ ρ (y− yu) /4 and other parameters, we can always find a value

of cv (1 + r) such that only the LIE exists, or only the HIE exists, or both the LIE and the
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HIE exist. In other words, multiple equilibria are not only possible but also a generic

feature of the model.

Government Policies

In Panel (a) of Figure 1, suppose we are in the HIE and suppose it is less efficient

than the LIE. It is hard for the economy to switch to the LIE because of the difficulty as-

sociated with coordination. Can the government policy improve the search efficiency?

Consider the following three candidates: government hiring, reducing business in-

come taxes, and subsidizing job creation. Conceptually, there are two ways for the

government to hire people: set up vacancies and join the search and matching process,

or skip the matching process and directly take people away from the unemployed pool

(e.g. military draft). Neither would change anything on the graph of Panel (a). This

is because if the government employs more people, the private sector would simply

hire less so that the market tightness is unchanged. The free entry conditions does not

differentiate between how many vacancies are created by the government and how

many are created by private firms. Those conditions only pin down the market tight-

ness. Because the matching process is constant return to scale, skipping the matching

process and directly taking people out of the unemployed pool would not change the

market tightness either.

Then consider a reduction in business income taxes. We can assume that the firms

face some income tax rate τ in the model. Lower business income taxes means the joint

surplus of a job is higher for workers and firms, which is equivalent to an increase in

the productivity. The entry curve would shift up, but the Γ curve shifts up as well.

That is, lower taxes also raises wages and the value of MMSS. So we might be still

stuck in the HIE.

However, subsidizing job creation is different. This can be seen as a reduction of

cv in the model (e.g., tax rebate for every new job). The entry curve would shift up but

the Γ curve is unchanged because the entry cost is sunk for wage bargaining. In fact, a

subsidy for job creation is like a positive financial shock, but better. This is because, r
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can only go down so much (i.e., it has to be non-negative), which in some way reflects

the “zero-lower-bound” problem in monetary economics. But there is larger room

in the cv that can be adjusted if the government wants to get rid of the less efficient

HIE. The following corollary shows that the government can always get rid of the HIE

through changes in cv. See Appendix A for the proof.

Corollary 6. If cu ≤ ρ (y− yu) /4, then there exists a cutoff c̄v such that if ∀cv < c̄v, then

the HIE is infeasible.

2.3 Symmetric Equilibria with c > 0

Now suppose the cost of moving across markets, c, is positive. First we should

note that the positive c would affect the net surplus of MMSS, Γ. From (6) we know

that if c is large enough, then the HIE is not feasible because Γ is always negative.

Next, we want to point out that the size of u1 and u2 does not play any specific role

in determining the equilibrium in Section 2.2. The free entry condition there for the

HIE does not depend on the size of u1 and u2. The condition u1 = u2 is only useful in

justifying our assumption of symmetric equilibrium. Now things are different. In the

case of c > 0, the free entry condition for the LIE is same as (7) whereas that for the

HIE (in Market i) becomes

cv (1 + r) = q (θi) (y− w)

{[
1− f

(
θj
)]

+
ui

ui + uj
f
(
θj
)}

, in the HIE. (12)

Given that a worker receives a match in Market i, with 1− f
(
θj
)

probability she does

not have any match from the away market so she is sure to accept the match in Market

i. Whereas with f
(
θj
)

probability she also receives a match from Market j and then

the match in Market i would be accepted if and only if it is given to a Type i worker.

Note that now when a worker simultaneously search in the away market, she imposes

negative externality only to the other type of workers in the away market. In this

paper we are interested in the symmetric equilibrium where ui = uj, in which case
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the entry condition of (12) is the same as (8).20 On the other hand, the net surplus of

simultaneously search becomes

Γi = −cu + [1− f (θi)] f
(
θj
) (

wj − yu − c
)

, (13)

which is exactly the same as (6). The rest of the analysis is similar as in the previous

subsection and are suppressed here.

2.4 Extensions

We extend the model to incorporate two features: N-market and statistical market

discrimination (employers may treat workers from different markets differently). The

purpose is to show that the economics of our benchmark model is preserved with

these extensions. For statistical market discrimination, see Appendix C.

N-Market We deliberately use the two-market setup to illustrate the mechanisms of

MMSS. Can this two-market environment be generalized? Interestingly, the economics

and the mathematical equations are exactly the same in the following two N-market

environments with N types of workers. First, suppose N identical markets lie in a

circle. A worker from Market i can choose one of the following two options: to search

only in the home market, or to search in both the home market and randomly in one

of the neighboring two markets (or always search in the market to its left). Second,

consider any N-market environment and suppose a worker from Market i can choose

one of the following two options: to search only in the home market, or to search in

both the home market and randomly in one of the N − 1 away markets. If we assume

the probability of searching in the nth (n 6= i) away market is proportional to the size

of that market (i.e., local job seekers, un), then it is as if for every Market i there is

a mirror Market i′ that operates just like the away market in the two-market setting.

Both of these two N-market settings can be studied through the same mathematical

20If u1 and u2 are very different, then it would be important to consider the equilibrium where one
type of workers only search in one market and the other type of workers search in both. This is out of
the scope of this paper.
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analysis as our two-market model. In general, allowing workers to search in more

than two markets simultaneously may change the math but not the economics: MMSS

induces match-rejection externality. For tractability, we will continue to focus on the

two-market setup for the rest of the paper.

3 The Dynamic Model

Next, we extend the two-period version of the model into a fully dynamic environ-

ment, so we can examine the model’s response to transitory shocks, as well as conduct

quantitative exercises. Since we later interpret different markets as geographical loca-

tions in our calibration, below we present a two-market dynamic version of the model

with a positive relocation cost.21 For tractability, we assume that if an agent has moved

to a new market, then it becomes her home market. If she later loses her job and finds

a job in the original market, then she needs to pay the relocation cost again.

3.1 Model Setup

There are measure 2 of workers. Initially, half of them live in Market 1 and the

other half live in Market 2. The value function of an employed worker in Market i can

be written as:

W i
t = wt + βδEt

(
Ui

t+1

)
+ β (1− δ) Et

(
W i

t+1

)
, (14)

where β is the common discount factor, δ is the exogenous probability that a worker

and her firm are separated in a period, and Ui is the value function of an unemployed

worker living in Market i. There is no decision to be made by an employed worker,

whereas there are two choices in the action space of an unemployed worker living in

Market i: apply for jobs in Market i only, or apply for jobs in both markets.22 The value

21As Sections 3.2 and 3.3 show, the mechanism of the model works with or without a positive reloca-
tion cost, c. In a fully dynamic environment, some cost might be paid every period to represent agents’
preference over different markets. This is similar to an increase in the one-time cost, c.

22Since c > 0 and all workers are equally productive when they are matched, it would not be prof-
itable for workers in Market i to only search in Market j if the market tightness in both markets are the
same, which is true in the symmetric equilibrium that we focus below.
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function of an unemployed Type i worker is

Ui
t = yu + β f (θit) Et

(
W i

t+1

)
+ β [1− f (θit)] Et

(
Ui

t+1

)
+ max

(
0, Γi

t

)
, (15)

which differs from that in the one-market search models because of the last term. In-

side the max operator is the dynamic version of the net surplus of MMSS:

Γi
t = β f

(
θjt
)
[1− f (θit)]

[
Et

(
W j

t+1

)
− Et

(
Ui

t+1

)
− c
]
− cu. (16)

If Γi
t < 0, then the unemployed in Market i only search in Market i, in period t;

whereas if Γi
t > 0, then they search in both markets. We have implicitly assumed

that Et

(
W j

t+1

)
− c ≤ Et

(
W i

t+1
)
, which will be true if the two markets are symmetric,

so that job seekers in Market i, upon receiving matches from both markets, will choose

to work in Market i.23

We formulate the problem in discrete time. In continuous time, an unemployed

worker never finds two matches at the same instance. However, a firm usually allows

a worker to take some time to consider the offer in reality. If a model in continuous

time incorporates such a feature of offer consideration, then a worker could still be

matched in multiple markets at the same time and have to reject all but one.

Entry Conditions and Law of Motion of Unemployment

As in the static version, the entry conditions of firms depend on workers’ search

behavior. We use LIE to denote the equilibrium in which all unemployed workers

always search in their local markets and the HIE the equilibrium in which all unem-

ployed workers always search in both markets. For now, we assume that we are either

in the LIE or in the HIE, and then consider other types of equilibria in our quantitative

exercises. Then similar to (7) and (12), the corresponding entry conditions in Market i

23Theoretically, there could be cases where Et

(
W j

t+1

)
− c ≥ Et

(
Wi

t+1
)
. It can happen temporarily,

for example, when some shocks hit one market more than the other. As workers flow to Market j, the
difference would gradually decrease. These dynamics are interesting, but we leave it for future study
and focus on the symmetric case.
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can be written as

cv = q (θit) Et (Jt+1) , in the LIE; (17)

cv = q (θit)

[
1−

ujt

uit + ujt
f
(
θjt
)]

Et (Jt+1) , in the HIE, (18)

where uit and ujt are endogenously determined, θit = vit/nit, and Et (Jt+1) is the ex-

pected present value of the cash flow of a matched vacancy formed in period t. We

assume that firms posting vacancies in period t sign fixed-interest-rate contracts with

the financial market at interest rate rt. So Et (Jt+1) can be written as

Et (Jt+1) =
1

1 + rt
Et+1

[
∞

∑
k=1

(
1− δ

1 + rt

)k−1

(yt+k − wt+k)

]
. (19)

In the special case in which y and w are constant, we have

Et (Jt+1) =
y− w
δ + rt

. (20)

The main reason for assuming the fixed-interest-rate contract is due to tractability.

If we want to model some financial shocks that significantly affect job creation (like

during the Great Recession), then we can either assume the fixed-interest-rate con-

tract and let the interest rate for the whole contract to change moderately or assume

an adjustable-interest-rate contract and let the current interest rate to change greatly.

Either way works for this study. Because the key question for our quantitative exer-

cise below is not what happens during a crisis, but how the labor market responds

to a crisis that makes firms temporarily harder to create jobs. However, if we assume

adjustable-interest-rate contracts, then it matters when and what agents know about

future interest rates and how to put such information into the contract.24 That would

24If a firm sign an adjustable-interest-rate contract, then Et (Jt+1) can be written as

Et (Jt+1) =
1

1 + rt
Et

[
∞

∑
k=1

(1− δ)k−1

Πk−1
l=1 (1 + rt+l)

(yt+k − wt+k)

]
.

A usual rationale for using adjustable-interest-rate contracts is that borrowers can later refinance the
debt contract if interest falls. However, it is not common practice for a firm to refinance job positions,
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complicate the analysis.

Note that we can also interpret the interest rate r in the Pissarides type of free-entry

conditions more broadly. Many firms face borrowing constraints, especially during

crisis times. If such borrowing constraints become tighter at the same interest rate,

then the effects on job creation would be similar if we assume free entry with a higher

interest rate. In other words, the value of rt, which is used to discount all future div-

idends, can also be seen as a measure of financial duress in period t. If one takes this

interpretation, then the fixed-interest-rate contract is also easier to work with.25

The laws of motion for the unemployment rate for Type i workers are as follows

(i 6= j):

ui,t+1 = uit + (1− uit) δ− uit f (θit) , in the LIE, (21)

ui,t+1 = uit + (1− uit) δ− uit
{

f (θit) + f
(
θjt
)
[1− f (θit)]

}
, in the HIE. (22)

In both (21) and (22), the third term on the right-hand-side is the unemployment rate

times the job finding rate in the respective equilibrium.

Wage Determination

We assume a matched worker and her firm bargain over the wage every period.

The worker’s and firm’s outside options are as follows. The outside option for the

worker is to take the unemployment income yu and enter the next period still matched

with the same firm; the outside option for the firm is to produce nothing and enter

the next period still matched with the same worker (unless nature separates them

with probability δ). In such a game, the wage outcome is the same as (5) in the static

game. The outside options here certainly simplify the analysis compared to Pissarides

perhaps due to the transaction costs involved or potential information problems.
25To get an idea of what a shock to rt can do quantitatively in a fixed-interest-rate contract, suppose

initially rt = 2% and δ = 2.4%. If rt increases by 1 percentage point, then Et (Jt+1) would decrease by
more than 18%. Even an increase of 0.5 percentage points in rt would reduce Et (Jt+1) by more than
10%. These numbers might appear big. In reality, the v − u ratio in the U.S. economy was 0.71, 0.54,
and 0.15 in April 2007, April 2008, and August 2009, respectively, while the separation rate remained
broadly steady. The job creation process certainly experienced some major disturbances.

23



(1985), Mortensen and Pissarides (1994) and many subsequent papers. But as argued

by Hall and Milgrom (2008), the threat to terminate the relationship is irrational for

both parties, and the credible threat point is to delay production. A strike would be

an example of coordinated delay. Our wage outcome is consistent with this view.26

3.2 Steady State Equilibria

An equilibrium is a sequence of search choices, wages and entry decisions that

are consistent with workers’ value functions, firms’ entry conditions, and the laws of

motion described above.27 Below we focus on the LIE steady state and the HIE steady

state. In a steady state, cvt is constant over time, so are Jt, θit, W i
t , W j

t , Ui
t and uit, where

i, j ∈ {1, 2}, i 6= j. From (20), we can derive J. Then the entry conditions (17) and

(18) uniquely pin down the market tightness in the respective type of equilibrium. We

use θL and θH to denote the market tightness in the two types of equilibrium. Using

subscript s to stand for H or L, from (14) and (15), we have

(1− β)Ws = w− βδ (Ws −Us) , (23)

(1− β)Us = yu + β f (θs) (Ws −Us) + max [0, Γs (θs)] , (24)

where the subscript of the Γ function is there because the type of equilibrium affects

value functions and thus the Γ function. Subtract (24) from (23) to derive the following:

Ws −Us =
w− {yu + max [0, Γs (θs)]}

1− β + βδ + β f (θs)
, (25)

From (25) it is apparent that if the term max [0, Γs (θs)] increases, it is as if the unem-

ployed have a higher yu. We can then write down Us and Ws as weighted averages of

26Similar wage outcome is used in Kaplan and Menzio (2016).
27For example, an equilibrium candidate could be: workers search in both markets in every even-

numbered periods and in only one market otherwise. But this requires strong coordination.
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w and yu + max [0, Γs (θs)]:

(1− β)Ws =
[1− β + β f (θs)]w + βδ {yu + max [0, Γs (θs)]}

1− β + βδ + β f (θs)
, (26)

(1− β)Us =
β f (θs)w + (1− β + βδ) {yu + max [0, Γs (θs)]}

1− β + βδ + β f (θs)
. (27)

For Us, the weight of w depends on the probability of finding a job in the next period.

Low-Intensity Equilibrium (LIE)

In the low-intensity equilibrium (LIE), the market tightness is given by (17), which

in steady state can be written as cv = q (θL) J. Of course, we need the incentive condi-

tion: ΓL (θL) < 0. The steady state version of (16) is straightforward. We can see now

that cu does not directly affect the values of WL and UL, but affects the incentive con-

dition of MMSS as shown in (16). Lastly, using (21), the unemployment rate in steady

state is given by

uL =
δ

δ + f (θL)
(28)

High-Intensity Equilibrium (HIE)

In the high-intensity equilibrium (HIE), the market tightness is given by (18) which

in the steady state can be written as (we assume the two markets are identical now):

cv = q (θH)

[
1− 1

2
f (θH)

]
J, in the HIE. (29)

Similar to the LIE, the HIE requires the incentive condition: ΓH (θH) > 0. Lastly, using

(22) and the fact that the two markets are identical, the unemployment rate in steady

state is given by

uH =
δ

δ + f (θH) [2− f (θH)]
, (30)

where f (θH) [2− f (θH)] is the job finding rate for the representative unemployed

worker.
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Multiple Equilibria

First, we present a lemma that is useful for checking the incentive conditions.

Lemma 7. ΓH (θ) and ΓL (θ) always have the same sign.

See Appendix A for the proof. Because ΓH (θ) and ΓL (θ) always have the same

sign, we can simply put θH and θL from the two entry conditions into the same ΓL (θ)

function to check the incentive conditions. This means that even though we have

a different Γ function for each type of equilibrium, the analysis of the existence of

multiple equilibria is very similar to the two-period version, where we only have to

work with one Γ function.

Our ΓL (θ) is different from its counterpart in the two-period version: now θ also

affects the size of the surplus if a worker is employed in the away market. However,

it is straightforward to check the following results: ΓL (0) = ΓL (1) = −cu, Γ
′
L (0) > 0

and Γ
′
L (θ) < 0 if f (θ) > 1/2. The following lemma is similar to our results in the

two-period model. It will be useful to prove existence of multiple equilibria below.

Lemma 8. In the steady state, θL > θH.

This because q (θ) is decreasing and from the two entry conditions we have q (θL) =

q (θH)
[
1− 1

2 f (θH)
]

. Combining the above two lemmas we can have the following

proposition:

Proposition 9. If c + 4cu/β < ρ (y− yu) / (1− 0.5β + βδ), then we can always find a

cv (1 + r) which makes the LIE steady state feasible or infeasible, and similarly for the HIE

steady state.

The proof is omitted because it is similar to Proposition 4 in the two-period version.

There is one difference: now the condition c + 4cu/β < ρ (y− yu) / (1− 0.5β + βδ)

guarantees that ΓL
(
θ̃
)
> 0, where f

(
θ̃
)
= 1/2. This condition says that the relocation

cost and the cost of MMSS should not be too high to make sure MMSS is profitable for

at least some market tightness. Because ΓL (1) = −cu and Γ
′
L (θ) < 0 if f (θ) > 1/2,

we are sure to find a cutoff θ̂, such that ΓL (θ) > 0 for θ ∈
(
θ̃, θ̂
)

and ΓL (θ) < 0 for
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θ ∈
(
θ̂, 1
)
. Then we only need to vary cv (1 + r) to make sure θH and θL fall into the

one of the regions to make the two types of equilibria feasible or infeasible. We also

have a weaker version of Corollary 5 in the two-period as follows:

Corollary 10. If c + 4cu/β < ρ (y− yu) / (1− 0.5β + βδ), then we can always find a

cv (1 + r) to make sure that the LIE steady state is the unique steady state equilibrium or

there is multiple steady state equilibria of both the HIE and the LIE.

This is weaker than Corollary 5 because we know less about the ΓL (θ) function. But

it again shows that multiple equilibria are not only possible but also a generic feature

of the model. Next, we can compare the properties of the LIE and the HIE steady

states. Suppose we have multiple steady-state equilibria, the following proposition

concerns the efficiency of the LIE and the HIE in the steady state.

Proposition 11. The following two statements are identical:

(a) The HIE steady state has a higher unemployment rate and a lower job finding rate.

(b) The LIE steady state has a higher v− u ratio, which also means θL ≥ 2θH.

See Appendix A for the proof. Intuitively, the HIE steady state has a higher unem-

ployment rate if the match-rejection externality caused by MMSS is sufficiently strong.

It should not come as a surprise if the HIE has a much smaller market tightness. What

is perhaps surprising about the above proposition is that the observed v-u ratio does

not need to be drastically lower in the HIE to have a higher steady-state unemploy-

ment rate. If the v-u ratio in the HIE steady state is only slightly smaller, then it already

implies substantial negative externality of MMSS. This is because, in the HIE, the un-

employed workers double their search effort and yet still have a smaller job finding

rate. If search intensity enters linearly into the matching function as in Pissarides

(2000), then the job finding rate of a worker should double (if the Hosios condition

is satisfied) and we shall have a smaller unemployment rate. Of course, whether the

negative externality of MMSS is strong enough to make uH > uL is a quantitative

question, which we address in the next section.
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4 Quantitative Analysis

In this section, we calibrate the model to match features of the US economy from

1987 to 2007. We then ask whether the model economy features multiple equilibria

and what happens in the labor market after some transitory productivity and financial

shocks. Government interventions are also discussed.

4.1 Calibration Strategy

The properties and behaviors of the model are determined by a total of 12 parame-

ters. Note that our model in the LIE behaves just like the standard one-market models.

Thus we pick our parameter values so that when evaluated at the LIE steady state, the

calibrated economy matches features of the U.S. economy between 1987 and 2007. So

our calibration is consistent with previous studies without MMSS.

Without loss of generality, we normalize the productivity of a matched worker-

firm pair to y = 1, and the unemployment benefit to yu = 0.2, which lies in the

range of [0, 0.4], as indicated in Shimer (2005). We normalize a time period to be one

month and set the discount factor to β = 0.997, which is equivalent to an annual

discount factor of 0.965.28 The implied monthly interest rate is rt = r = 1
β − 1 =

0.3%, which is equivalent to an annual rate of 3.6%. The exogenous separation rate,

δ = 0.024, is chosen to match the average monthly transition rate from employment

to unemployment in the U.S. between 1987 and 2007. We set the worker’s bargaining

power to ρ = 0.74.29 Our matching function is CES as follows,30

m (u, v) = κ
(
u−φ + αv−φ

)− 1
φ . (31)

A special case of this matching function is used in Kaplan and Menzio (2016) by setting

28This is derived from a time discount rate of 0.003, as used in Kaplan and Menzio (2016),
β=exp (−0.003)= 0.997.

29It is the same as in Kaplan and Menzio (2016). Shimer (2005) chooses ρ = 0.72.
30Note that as long as κ ≤ min

{
1, α

1
φ

}
, we have f (θ) , q (θ) ∈ [0, 1] , ∀θ ∈ R+, where θ = v

u is the

measure of market tightness. This condition is always satisfied in the calibrated baseline model and the
variants.
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κ = α = 1. When φ = 0, it becomes a Cobb-Douglas matching function, which

is also widely used. We set the parameter α in the matching function to 0.389. This is

calculated as the ratio of the power terms in the Cobb-Douglas matching function, as in

Shimer (2005).31 The matching function parameters, κ and φ, are chosen to match the

elasticity of the job finding rate with respect to the market tightness and the average

v-u ratio. Specifically, we have

φ = −
ln
(

η̂
α(1−η̂)

)
ln θ̂

, and κ = f
(
θ̂
)
(1− η̂)

− 1
φ , (32)

where η̂ and θ̂ are the targeted values of the elasticity and the v-u ratio, respectively,

and ˆf (θ) = θ̂q
(
θ̂
)

is the job finding rate.32 As noted in Menzio and Shi (2011) and Ka-

plan and Menzio (2016), after taking into account the on-the-job search, the elasticity

of the job finding rate with respect to the market tightness is 65% in the data, which

is our targeted value. We choose to target the v-u ratio at 0.8, which lies in the range

of calculations in Hall and Schulhofer-Wohl (2015).33 The job finding rate is measured

as the average monthly transition rate from unemployment to employment, which is

0.433 in the U.S. between 1987 and 2007. Given the matching function, the vacancy

costs, cv, is chosen to match this average monthly transition rate from unemployment

to employment. We choose the one time moving costs, c = 0.5 to match the median

c−w ratio of 65% in Kennan and Walker (2011).34 We then set the worker’s additional

search costs, cu = 0.2. This parameter matters whether we can have multiple equi-

31In Shimer (2005), the matching function is 1.355u0.72v1−0.72. We set α = (1− 0.72) /0.72.
32Knowing the job finding rate, f

(
θ̂
)
, we can back out the market tightness and the elasticity of the

job finding rate with respect to the market tightness:

θ̂ =
{[

f
(
θ̂
)

/κ
]−φ − 1

}−1/φ
α

1
φ , η̂ =

∂ ln f (θ)
∂ ln θ

| f (θ̂) = 1−
[

f
(
θ̂
)

/κ
]φ

.

Combining these two equations, we derive (32).
33In Figure 4 of Hall and Schulhofer-Wohl (2015), the v-u ratio ranges roughly between 0.7 and 0.85

in the United States between 2001 and 2008.
34The one-time moving costs c = 0.5 is taken from Table V in Kennan and Walker (2011). The average

moving costs are $18, 686 in the case of moving back to the home state while the previous location is
also the home state, which is about 40%-90% of the annual median wage income ($20, 166-$42, 850 in
Table III). We pick the median value of 65%. Given the wage of 0.8 in our calibration, we have c = 0.5.
This is likely the upper bound of moving costs in our model which also include less expensive within-
state moves. Kaplan and Schulhofer-Wohl (2016) use c = 0.53 for non-college graduates and c = 0.22
for college graduates.
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libria but not other properties of the model. In Appendix D, we show that for any

relevant value of c, our results below holds for a wide range of values of cu.

4.2 Calibration Results

Table 2 reports the normalized and calibrated parameter values. We find that the

calibrated model features two steady states. In the LIE steady state, the unemployment

rate is 5.25%. In the HIE steady state, the unemployment rate is 9.67%, which is 84.2%

higher than the unemployment rate in the LIE steady state.35

Figure 2 illustrates the multiplicity of equilibria in the calibrated model. It is very

similar to Panel (a) of Figure 1 in the two-period version of the model. If workers

always only search in their local markets, then the firms’ present value of profit (net of

entry cost) as a function of the market tightness is plotted as the dashed line, labeled as

“entryL”. Then the market tightness, θL, is needed to satisfy the free-entry condition.

At θL, the workers’ individual rationality condition is indeed satisfied, i.e., Γ (θL) < 0.

Thus, the LIE steady state exists. Similarly, we can plot the profit function and define

θH if workers always search in both markets. The HIE steady state also exists because

Γ (θH) > 0. Since 2θH < θL, the resulting unemployment rate is higher in the steady

state with higher search intensity.

4.3 Response to Shocks

We have shown that our model allows for multiple equilibria for empirically rel-

evant parameter values when calibrated to the U.S. economy. This suggests that the

potential switching of equilibria may cause additional fluctuations in our model. We

now study the response of our model to productivity and financial shocks quantita-

tively. Given the sluggish recovery of the labor market after the Great Recession, the

key question for us is whether some temporary shocks during the crisis can cause

long-lasting effects on the labor market. We shall pay special attention to whether and

35We know that these number are exactly unchanged as long as cu is in the range of (0.19, 0.375),
according to Appendix D when c = 0.5.
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Table 2: Normalization and calibration outcome

Parameters Values

Productivity of a matched pair y 1.0
Unemployment benefit yu 0.2
Discount rate β 0.997
Interest rate r 0.3%
Exogenous separation rate δ 0.024
Worker’s bargaining power ρ 0.74
Matching function: coef of v α 0.389
Matching function: constant κ 0.503
Matching function: elasticity φ 7.007
Firm’s vacancy costs cv 4.169
Worker’s additional search costs cu 0.2
Worker’s one time moving costs c 0.5

Figure 2: Multiple equilibria in the calibrated model
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how a temporary shock may generate permanent switching of equilibria.

4.3.1 Productivity Shock

To quantitatively study the response of our model to productivity shocks during

the Great Recession, we need first to understand the magnitude of these shocks. From

2008Q2 to 2009Q3, the U.S. GDP shrank by -3.75%. After taking into account the de-

creased employment, output per worker dropped by 2% relative to the long run trend.

Using the same calculation, during 2008Q3 to 2009Q3 the shocks to productivity (an-

nualized and relative to the 3% trend) were−2%, −3.4%, −2.3%, −2.3%, and−1.3%,

respectively.36 Panel (a) of Figure 3 shows the productivity series implied by data that

we use in our quantitative exercise. Since our focus is how the model reacts to nega-

tive productivity shocks, for simplicity, we assume productivity resumes immediately

back to unity after these five quarters.37

We simulate the responses in our model to these changes in y. The economy is

assumed to be in the LIE steady state before these productivity shocks, and agents

learn about these unexpected shocks in the third quarter of 2008. Technically, there

can be many symmetric equilibria paths. Workers can potentially choose a distinct

search intensity (how many markets to search) for each month, and even each day.

But we regard those equilibrium candidates as too exotic because they require too

much coordination. We allow workers to choose one search intensity during the crisis

times and another intensity afterward. Thus we divide the time after 2008Q2 into

two intervals: crisis periods (from 2008Q3 to 2009Q3) and post-crisis periods. We

consider four possible symmetric equilibria according to search intensity in these two

time intervals: High-Low (meaning unemployed workers choose high search intensity

during the crisis but low intensity after the crisis), Low-Low, High-High, and Low-

36The corresponding quarter-to-quarter rates were −0.5%, −0.9%, −0.6%, −0.6%, and−0.3%, respec-
tively. From 2008Q2 to 2009Q3, the U.S. GDP shrank by -3.75%, according to the BEA. Suppose the
crisis had never happened and suppose a 3% yearly growth rate, then by 2009Q3 the economy should
have grown 3.75%. So we lost 7.5% of GDP directly due to the recession. However, during the same
time, the employment to population ratio was also lower, dropping from 62.53% to 59.03%—there was
a 5.6% decrease in the labor force. This implies that output per worker dropped only by 2%.

37In reality we did see some strong growth in productivity in the next four quarters, with average
annual growth of 1.4% above the 3% trend. Of course, the growth rates were not as stark as we assume.
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(a) Productivity Changes (b) Γt

(c) Market Tightness: v/u (d) Unemployment Rates

Figure 3: Responses to a productivity shock. (a) productivity: deviation from the trend; (b) MMSS net
surplus Γt: level; (c) v

u rates: deviation from 2008Q2; (d) unemployment rates: deviation from 2008Q2.

High.

To examine whether each of these four equilibrium candidates is indeed an equi-

librium, we need to look at the entire path of the net surplus function of MMSS for

each candidate. We plot the four paths of Γt in Panel (b) of Figure 3. From the graph,

we can conclude that neither Low-High nor High-Low is supported. For example, for

Low-High to be an equilibrium, we need Γt to be negative during the crisis. The Low-

High path shows that this is not true. Only the High-High path and the Low-Low path

are legitimate dynamic equilibrium paths.

The evolutions of the v-u ratio and the unemployment rate are plotted in Panel (c)

and Panel (d) of Figure 3. For the v-u ratio, remember that we do not target this in our

calibration. In our model, the v-u ratio decreases almost 80% in the High-High path
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since the crisis. In reality, it was 0.427 in July 2008 and 0.221 in December 2011. Even

though we did not get the exact numbers, the pattern is fairly similar. Moreover, our

model with the High-High path matches the unemployment rate of the actual U.S.

labor market between 2009 and 2011 remarkably well. The average unemployment

rate during this period is 9.64% in the High-High path, compared to 9.50% in the

actual labor market. Note again that the model is calibrated to match the pre-2008 U.S.

economy and we do not target the post-2008 unemployment rate in our calibration.

We should also note that the Low-Low path is also supported as a dynamic equi-

librium path. The unemployment rate and the v-u ratio in the Low-Low path barely

move. This means that the observed productivity shocks alone might not be enough to

explain the observed changes in the labor market because this exercise does not predict

the High-High path as the unique outcome of the model. We need some other factors

to explain the switch of equilibria. It could be the symbolic bankruptcy of Lehman

Brothers, or the massive layoffs that appeared in the news that shook people’s beliefs

in “capitalism”. It could also be a pessimistic self-fulfilling prophecy. If people be-

lieved that the shocks were permanent rather than temporary, then adopting MMSS

could be the dominating strategy. Figure (4) demonstrates an example with a perma-

nent negative productivity shock. After the shock, the HIE is the unique steady state

equilibrium.

Or, was it financial shocks that led to the inevitable switch of equilibria? We explore

such a possibility below.

4.3.2 Financial Shocks

There is little doubt that there were severe financial shocks during the 2008 finan-

cial crisis. To understand the financing costs and difficulties faced by firms, we turn to

the Senior Loan Officer Opinion Survey on Bank Lending Practices. Figure (5) shows

the time series of net percentages of domestic banks increasing the loan spread and

reducing credit line. Credit became more costly. Specifically, in 2008Q4 the net per-

centage of domestic banks increasing spreads of loans to large and middle-market
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Figure 4: Response to a permanent productivity shock: steady states

firms was at an astonishingly 98.2, while that for small firms was 92.7 (the previous

peaks were 58.9 and 41.8 respectively in 2001Q4). Credit was also harder to get. The

percentage of domestic banks reducing the maximum size of credit lines for large

and middle-market firms was 69.1, while that for small firms was 60 (the previous

peak was only 17.3 in 2000Q4). Chodorow-Reich (2014) also documents that financial

shocks decreased the likelihood of obtaining a loan for firms. Needless to say, U.S.

firms experienced dramatic adverse financial shocks during the 2008 financial crisis.

Another feature of this crisis is that it was relatively short-lived compared with the

sluggish recovery of the labor market afterward. With these observations in mind, we

ask what happens in our model if there is a large and temporary financial crisis.

In our simulation, we let the monthly interest rate increase by 20% (r′ = 1.2r =

0.36%) for six months and resume to normal afterward (Panel (a) in Figure 6). Such

a change is equivalent to changing the annual interest rate from 3.7% to 4.4%. For

firms, this is equivalent to a 1.8% lower productivity permanently (given the monthly

separation rate δ = 2.4%). So it is a large shock.38 As in the previous subsection, we

38The basic idea of a negative financial shock is that it makes it harder for firms to finance vacancies.
Theoretically either higher interest rates or higher vacancy costs can achieve this idea. Our approach is
also reasonable if one interpret the interest rate as a measure of the difficulty of obtaining credit in the
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Figure 5: Senior Loan Officer Opinion Survey on Bank Lending Practices. Source FRB

consider four possible symmetric equilibria according to search intensity during the

crisis periods and afterward: High-High, Low-Low, Low-High, and High-Low.

Now the High-High path becomes the unique equilibrium path whereas the Low-

Low path is no longer incentive compatible, as shown in Panel (b) of Figure 6. The

High-Low path and the Low-High path are similar to those in Panel (b) of Figure 3

and thus not shown here. Our simulation suggests an important point – financial

shocks can help explain why the switch of equilibrium is inevitable – because it is the

unique dynamic equilibrium path.

The corresponding time series of the v-u ratio and the unemployment rate in the

High-High path and the Low-Low path are plotted in Panels (c) and (d) of the same

Figure 6 as well. We still plot the Low-Low path because it can be interpreted as if

agents are forbidden from MMSS (i.e., equivalent to the standard one-market model).

We can see that the same financial shock would barely affect the labor market in the

free entry conditions of firms as discussed in Section 3.1. See below for more discussions.
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(a) Interest Rate Changes (b) Γt

(c) Market Tightness: v/u (d) Unemployment rates

Figure 6: Responses to a negative financial shock: (a) Interest rate: deviation from the trend; (b) MMSS
net surplus Γt; (c) unemployment rates: deviation from 2008Q2; (d) v

u rates: deviation from 2008Q2.

standard model.

The High-High path not only matches the evolution of the v − u ratio and un-

employment rate, but it also has many attractive properties that are consistent with

the U.S. labor market experience after the Great Recession. First, there was report-

edly a record number of job applications by each worker, and according to the Amer-

ican Time Usage Survey, unemployed workers spent 25% more time on job search

during 2009 to 2014 than the period of 2003 to 2007. Mukoyama et al. (2017) docu-

ments that the search intensity of the unemployed not only increased during the crisis

but also has remained high afterward. Existing theories can generate either counter-

cyclical or pro-cyclical search intensity of workers but not this pattern. Our High-High

path is consistent with it. Second, we also have evidence that workers tend to exert

more effort in searching in other markets if the local labor market deteriorates. Us-
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ing a difference-in-differences approach, we find a significantly positive correlation

between the within-county or within-state moving rates and the state unemployment

rates in the U.S.. See Table 1 for the results. The increased search intensity seems to be

directed to other geographical markets when the local economic condition worsens.

Faberman and Kudlyak (2014) find that a job seeker in metropolitan areas with higher

unemployment rate or lower market tightness sent a significantly higher number of

applications. Third, despite higher search efforts by workers, the matching efficiency

in the labor market seems to be permanently lower. The job finding rate appeared to

be almost L-shaped according to the BLS, and one can argue that the Beveridge curve

shifted out permanently. The unemployment rate was above 8% for 43 consecutive

months.

Table 3: DID: The moving rate and the unemployment rate at the state level, CPS 2008-2014.

(1) (2) (3) (4)

Moving rates Overall within-county within-state across-county inter-state
Unemployment rate 0.247** 0.145* 0.059* 0.026

(0.069) (0.074) (0.028) (0.014)
# of observations 357 357 350 357
R-squared 0.78 0.77 0.73 0.75

Notes: *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors (clustered at the year level) in parentheses. The dependent variable
is the moving rate. Independent variables include state fixed effects and year fixed effects.

Of course, the High-High path might appear too extreme. Note that what the the-

ory says is that if nothing else happens (e.g., if the government does not respond at

all), the labor market will be stuck in the less efficient HIE forever. In reality, un-

precedented measures were imposed by the US government and the Federal Reserve,

including three rounds of quantitative easing. See below for more discussions on how

the economy can potentially switch back to the LIE.

4.3.3 Explaining the Differences

With the quantitative results under both types of shocks in mind, now we discuss

the economic intuitions behind the quantitative results. First, if workers anticipate

that the HIE will be played after the crisis, then they have strong incentive to increase
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search intensity beforehand so as to avoid being unemployed after the crisis because

the continuation value of being unemployed in the HIE steady state is low. The High-

High path is always a feasible dynamic equilibrium path in our simulation (we explain

why this is the only feasible path below).

If none of other workers adopt MMSS during the crisis, then an individual worker

has even stronger incentives of MMSS because the job finding rate in the away market

would be higher. This is why the Γ function of the Low-High path lies above the

High-High path as shown in Panel (b) of Figure 3 so that the Low-High path is never

a dynamic equilibrium path in our simulations with either type of shock. Note that

these interesting effects are not present in the two-period version.

Conversely, if workers anticipate that the LIE will be played after the crisis, then

they have low incentive to increase search intensity, i.e., being unemployed in the LIE

steady state is not so bad. This is especially true if all other workers conduct MMSS –

they make the return on MMSS even lower for an individual worker. This is why the

Γ function of the High-Low path lies below the Low-Low path as shown in Panel (b)

of Figure 3 and that the High-Low path is never a dynamic equilibrium path in our

simulations with either type of shock.

The reason why the Low-Low path is infeasible under unfavorable financial shocks

is that these shocks make it harder for firms to enter and thus harder for workers to

find jobs in their local markets. These effects make MMSS more attractive. If these

shocks are large and long, then even if everyone else only looks for jobs locally, it is

still profitable for an individual worker to adopt MMSS. This effect is clear from Panel

(b) of Figure 6: Γt is positive for several periods in the crisis in the Low-Low path.

Of course, if the financial shocks were too strong, then in theory Γ function could be

negative because it is a quadratic function of f (θ). Such a possibility is not pursued

in this paper because that would require some extremely large financial shocks quan-

titatively.

But why is the Low-Low path not eliminated in the case of retrospect productivity

shocks? There are mainly two reasons. First, we learned from the two-period model,
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productivity shocks tend to lower the incentives of MMSS from another channel: with

economy-wide productivity shocks, the wage in the away market is also lower during

the crisis. Second, the observed productivity shocks might not be strong enough to

trigger the switch of equilibria as the unique dynamic outcome. During the five quar-

ters of the Great Recession, productivity only dropped by 2%, and firms understood

that these were transitory shocks. In comparison, our financial shocks are equivalent

to a permanent productivity decrease of 1.8%.

More Discussion

Our results are very different from the usual switch of equilibria with the help of

sunspots, where there are usually many possible dynamic equilibrium paths. In con-

trast, in our model, the switching of equilibria is the unique dynamic equilibrium path.

Our results suggest this: there may well be many other reasons which could have caused the

equilibrium switching, but financial shocks alone was enough to pull the trigger. These stark

results suggest that a financial crisis, even a temporary one, can be particularly costly

to society. It is more likely to cause long-lasting structural changes in the labor market

than “normal” recessions which are due to productivity shocks. By “structural” we

refer to the way workers look for jobs and how firms react to it.

Thus far we have discussed the labor market experience since the 2008 financial

crisis. It is perhaps interesting to ask: why the switching of equilibria did not happen

in many of the previous recessions? One possible explanation could be that the magni-

tude of shocks in many previous recessions was not as big. Another reason is that the

types of shocks were different: many previous recessions were not caused by financial

shocks. Lastly, only if the cost of searching for jobs in other markets, cu, is low enough,

would it be possible to switch from the LIE to the HIE, or even for the HIE to exist.39

39Learning and applying for jobs far away has never been easier, with the help of information tech-
nology; the costs of flying for an on-site interview have also considerably lowered; video interview over
the internet has not been possible until recent years.
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4.3.4 Government Interventions

We also conduct another simulation which is not shown here: if the financial crisis

only lasts for one month instead of six, then the Low-Low path is also supported as

equilibrium paths. This means the length of the crisis also matters. Swift government

action to end the financial crisis could be desirable. But now suppose the economy is

“stuck” in the HIE, what can we do? The ideal policy is to switch the economy from the

HIE to the LIE. But as discussed earlier, equilibrium switching is not easy in general

as it requires many changes in beliefs and coordination. Building on the discussion

of government policies with the two-period version of the model, we learned that

tax cuts have the drawback of higher wages, which increase the incentives for MMSS.

Subsidizing job creation is the most effective policy. In this subsection, we ask whether

subsidizing job creation is quantitatively useful in bringing back the LIE. Assume now

the calibrated economy is in the HIE. A large and permanent change in cv would be

enough to cause the equilibrium switch. But it is also costly. A more meaningful

question is whether a temporary subsidy for job creation is sufficient.

Specifically, we simulate a case where the government subsidies 25% of the vacancy

costs for six months. Again, we consider four different paths as studied above (High-

High, Low-Low, Low-High, High-Low). For example, a High-Low equilibrium would

mean MMSS during the subsidy periods and resume to the LIE afterward. We find

that only the Low-Low path is supported as an equilibrium path. Figure (7) plots the

MMSS incentive Γt in two of the possible paths, showing that the High-High path is

not supported.40 The idea is that during the subsidy periods the “local” job-finding

rate is high enough, so agents give up MMSS.41 Another point to note is that even

though the subsidy is six months, as long as such a plan is anticipated, the labor market

response is immediate.

Interestingly, a government subsidy of job creation is much like a reverse of finan-

cial shocks. If the massive quantitative easing by the Federal Reserve has contributed

40The Low-High/High-Low paths are much like the High-High/Low-Low paths and therefore are
not plotted in the figure.

41See Section 4.3.3 for why Low-High is an unlikely dynamic equilibrium path.
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Figure 7: Response to decreases in cv: Γt

to the lower borrowing cost of firms as shown in Figure 5, then it might explain why

we did not get stuck in the HIE forever. In the concluding remarks, we also briefly

discuss how heterogeneous search costs may help explain the gradual fall of unem-

ployment even without policy interventions.

5 Concluding Remarks

We have demonstrated that search intensity at the extensive margin can induce

strategic complementarity and multiple equilibria. More (search effort) can be less

(efficient). This is due to the match-rejection externality caused by MMSS, which dis-

courages job creation. The assumptions of the model in this paper is consistent with

the standard Mortensen-Pissarides (MP) framework, yet the properties are very dif-

ferent from those of the textbook MP model with variable search intensity. Our MMSS

model suggests that there is more to learn regarding the search effort of workers.

We also show that MMSS can have quantitatively large effects on the aggregate un-

employment. In our calibrated model, transitory and large financial shocks alone can

cause a permanent switch of equilibria as the unique dynamic outcome. Productivity

42



shocks are different. Our model not only helps us to understand the labor market after

the 2008 financial crisis, but also suggests a general message: due to the link between

financial shocks and the labor market, the cost of a financial crisis can be much larger

than we thought.

The model in this papre is deliberately simple to best illustrate the mechanisms.

The lack of realism in the current model opens many possibilities for future research.

An interesting question is if we can generate a persistent but not permanent response

of the labor market. We think it is possible with heterogeneous search cost: after the

financial shocks, workers with lower search cost adopt MMSS and leave the unem-

ployment pool faster so the composition of the remaining unemployed workers may

gradually change over time. Another extension could be to endogenize the search

effort within a market with the possibility of MMSS.
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Appendix

A Proofs

Proof of Proposition 4: Condition cu ≤ ρ (y− yu) /4 guarantees that
(
θ, θ̄
)

is not

empty so that there is at least some range such that Γ (θ) > 0. From the entry con-

ditions (7) and (8) we know both θH and θL are decreasing in cv (1 + r). So adjusting

the value of cv (1 + r) can ensure Γ (θi) > 0 or Γ (θi) < 0. We have used the fact that

Γ (θ) < 0 for some range.

Proof of Corollary 6: Let c̄v satisfy

(1 + r) c̄v = q
(
θ̄
) [

1− 1
2

f
(
θ̄
)]

(1− ρ) (y− yu) ,

where Γ
(
θ̄
)
= 0 and θ̄ ≥ 1

2 . Then ∀cv < c̄v, we have θH > θ̄. This implies Γ (θH) <

Γ
(
θ̄
)
= 0, which means the HIE at ∀cv < c̄v is infeasible.

Proof of Lemma 7: Using (25), we have

ΓH (θH) [1 + χ] = −cu + β f (θH) [1− f (θH)]

[
ρ (y− yu)

1− β + βδ + β f (θH)
− c
]
= ΓL (θH) ,

(A.1)

where χ = β f (θH)[1− f (θH)]
1−β+βδ+β f (θH)

. The right-hand-side is ΓL (θH), that is, the net surplus of

MMSS in the low-intensity equilibrium evaluated at θH. Because χ > 0 and the above

equation holds true for any θH, we know that ΓH (θ) and ΓL (θ) always have the same

sign.

Proof of Proposition 11: Given f (θ) = θq (θ), from (28) and (30) we have

uH =
δ

δ + 2θH
θL

f (θL)
. (A.2)

Compare it with (28), we know that uH > uL if and only if 2θH ≤ θL. In such case, the

job finding rate is also lower in the HIE:

f (θH) [2− f (θH)] ≤ f (θL) . (A.3)
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As in the two-period version, the θ in our model is defined as vacancy over applicants,

i.e., θH = vH/ (2uH) and θL = vL/uL. Thus 2θH ≤ θL ⇔ vH
uH
≤ vL

uL
.

B Mixed Strategy Equilibrium

We only briefly describe how one should think of a mixed strategy equilibrium

in this model. First, a mixed strategy equilibrium requires that the net surplus of

simultaneous search is zero so that workers are indifferent between the two strategies,

i.e. Γ = 0. For example, in Panel (a) of Figure 1, we have two values of θ that can

make Γ = 0: one around 0.5 and the other around 1.3. Think first about the case of

zero relocation cost, i.e. c = 0. Suppose in a mixed strategy equilibrium (thereafter

MSE) ζ fraction of workers adopt the simultaneous search strategy. Let θM be the

market tightness of the mixed strategy equilibrium and Γ (θM) = 0, then the firm’s

entry condition can be written as

cv (1 + r) = q (θM) (y− w)

{
[1− ζ f (θM)] +

1
2

ζ f (θM)

}
, in MSE.

As long as θH lies to the left of θM and θL lies to the right of it, we are sure that we

have an MSE, such as the case in the Panel (a) of Figure 1. Notice that the MSE does

not require the existence of multiple pure-strategy equilibria or even the existence of a

pure-strategy equilibrium. For example, if θH is smaller than 0.5 in Figure 1, then we

have the LIE and two MSE’s. If both θH and θL are above 1.3, then we only have the

LIE. There is another reason to focus on the pure-strategy equilibria: a MSE requires

much more coordination than a pure-strategy equilibrium. It is natural to focus on

the MSE when there does not exist a pure-strategy equilibrium. For example, if θL ∈

(0.5, 1.3) and θH < 0.5, then the only equilibrium is the MSE. The rest of the paper

focuses on the pure-strategy equilibria and leaves MSE to future studies.
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C Statistical Market Discrimination

One might expect that employers could potentially treat the two types of workers

differently, especially in the case of positive relocation costs. “Local” workers, who do

not need to pay such cost, are more likely to accept a match in the home market. In

reality, however, it requires that the employers in Market i can tell if a worker from

Market j is searching simultaneously or if she is only looking for jobs in Market i, pos-

sibly due to some personal reasons. Any job candidate can claim the latter. Given

the asymmetric information, the employers might choose to statistically discriminate

against “outsiders”. To accommodate such a possibility, we can assume that when

Type i workers apply for jobs in Market j she has less search efficiency units, i.e. she

counts as a fraction of an applicant in the matching function (e.g., her applications

in Market j sometimes get overlooked). To give a concrete example, suppose when

a worker searches in the away market, she counts as only γ (< 1) fraction of an ap-

plicant. It can also be interpreted as saying the applications from the away market is

overlooked with 1− γ probability. Then the Γ function becomes

Γi = −cu + γ f
(
θj
)
[1− f (θi)]

(
wj − yu − c

)
,

where f
(
θj
)

is the probability of a Type j worker finding a match in Market j and thus

γ f
(
θj
)

is the probability of a Type i worker finding a match in Market j, because every

Type i worker only counts as γ fraction of Type j worker in the matching process. Also

n1 = u1 + γu2 and n2 = u2 + γu1. Of course, as γ decreases, Γ would be smaller,

making it harder to achieve the HIE. But other conditions are exactly the same. As

long as these simultaneous searchers sometimes receive matches from both markets,

the match-rejection externality exists and so does the possibility of multiple equilibria.
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D Robustness

The calibrated model features two steady states for a wide range of the worker’s

additional search costs, cu, and the one time moving costs, c. For any given c ∈ [0, 2],

as long as the value of cu is between the lower bound and the upper bound, as plotted

in Figure 1, the worker’s individual rationality constraint holds in both steady states.

That is, Γ (θ) ≤ 0 at the steady state with low search intensity and Γ (θ) ≥ 0 at the

steady state with high search intensity.

Specifically, given c, the lower bound cL
u is derived from ΓL (θL) ≤ 0, or

cu ≥ cL
u = βθLM (θL) [1− θLM (θL)]

[
w− yu

βθLM (θL) + 1− β (1− δ)
− c
]

.

The upper bound, cU
u , is derived from ΓH (θH) ≥ 0, or

cu ≤ cU
u =

βθH M (θH) [1− θH M (θH)] {w− yu − [βθH M (θH) + 1− β (1− δ)] c}
βθH M (θH) + 1− β (1− δ)

.

If cu < cL
u , then the steady state with low search intensity is not sustained; if

cu > cU
u , then the steady state with high search intensity is not sustained. This implies

that given fixed c, if cu is initially high such that cu > cU
u , then there is a unique

equilibrium which is the LIE. When cu decreases to the level c′u such that c′u ∈
(
cL

u, cU
u
)
,

then both the LIE and the HIE are possible. When c′u further decreases to c′′u such that

c′′u < cL
u then the HIE is the unique equilibrium. This is consistent with the recent trend

of increasing search intensity, before and after the Great Recession, accompanying the

decreases in the additional search cost cu as a result of the spreading of information

technology.

It is worth noting that as the one-time moving cost, c, decreases, both the lower

bound, cL
u, and the upper bound, cU

u , increases. This implies that given cu, the HIE

becomes more feasible as c decreases.
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Figure 1: The range of cu and c
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