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LIMITED PARTICIPATION,
LABOR MARKET SEARCH
AND LIQUIDITY EFFECTS
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This paper models the liquidity effects after a contractionary open market operation in a
framework that highlights the frictions of limited participation in financial markets and
search frictions in labor markets. It is shown that Lucas rigidities, with the aid of labor
market rigidities, could generate more persistent liquidity effects even in a context of
flexible prices. In addition, the simulation results show that this adapted liquidity and
labor search model does a reasonable good job in explaining the observed labor market
dynamics in response to shocks of a plausible magnitude, and deliver substantial
movements along a downward-sloping Beveridge curve.
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1. INTRODUCTION

What the liquidity effect is and how to model it are two frequently debated
questions among monetary economists, which have received extensive attention in
recent years. Evidence based on a structural VAR shows that when the Fed surprises
financial markets by suddenly decreasing the rate of money growth through an
open-market sale, the nominal interest rate rises on impact, in company with a
drop in aggregate employment, output, and prices. In contrast, when the money
growth rate increases due to an open-market purchase, the opposite economic
phenomena will appear. This is the so-called liquidity effect (see Figure 1 for an
illustration). Therefore, any plausible model of monetary policy should account
for this behavior. Several competing monetary models currently exist, with each
employing a different mechanism of transmission of monetary policy.

Two of the most popular transmission mechanisms of monetary shocks in the
recent literature are price stickiness and financial-market frictions. In a sticky price
environment, such as described by Kydland (1989) and Christiano et al. (1997),
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FIGURE 1. Impulse responses from structural VAR. Source: U.S. data: 1951:Q1–2003:Q4.
Lag = 4.

monopolistically competitive producers are unable to immediately adjust prices in
response to a monetary shock. Those models attempt to explain the responses of
aggregate output and prices, but fail to generate observed variability in the nominal
interest rates following a monetary policy shock. On the other hand, in a limited
participation environment, for instance, Lucas (1990) and Fuerst (1992), money
plays a role in the economy due to its asymmetric distribution among economic
agents. Those models, in contrast to sticky price models, give rise to a small
liquidity effect but have difficulty in producing the appropriate effects on output
and prices. Moreover, the liquidity effect in those models exhibits no persistence
and only exists in the impact period of the policy action. To reproduce the desired
liquidity effect, several remedies have been proposed, one of which [Christiano
et al. (1997)] suggests that embedding labor-market frictions into either type of
model might help generate the liquidity effect and prolong the impact of monetary
shocks.

In fact, adding labor-market search into a dynamic general equilibrium model
is not entirely new in the literature. Merz (1995), Andolfatto (1996), and Hairault
(2002) show that labor-market search improves the ability of real–business cy-
cle models to match important macro data. However, importing a labor search
friction into the monetary field is a quite new practice. Walsh (2005) combines
labor-market search and sticky price in order to explore the dynamic response of
the economy to nominal–interest rate shocks. Wang and Shi (2006) construct a
dynamic equilibrium model with both labor-market and goods-market search to
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examine the model’s quantitative predictions for aggregate variables and, in par-
ticular, for the variability of the velocity of money in response to money-growth
shocks. However, in the previous literature, to introduce the liquidity effect, firms
are assumed to borrow cash in advance from financial intermediaries to pay the
wage bill, which is a very controversial assumption. Keen (2004) argues that it
seems more plausible to finance labor costs internally because labor is a flow
variable. Williamson (2005) points out that, in the United States, few workers are
paid in cash and therefore, it seems difficult to argue that firms subject to cash-in-
advance constraints account for a significant fraction of U.S. employment.

This paper contributes to the literature by examining the responses of the econ-
omy to a monetary-policy shock in a dynamic general-equilibrium model in the
presence of frictions in both financial markets and labor markets, serving as a
transmission and amplifying mechanism from monetary policy to the real side
of the economy. The whole investigation is done in a context of flexible prices.
Rather than having firms purchase labor directly subject to a cash-in-advance
constraint, I relax this assumption and assume that employment can be financed
with current sales receipts. However, in this model, firms will face a cash constraint
in purchasing recruitment and vacancy-creating services from other households.
This embellishment makes the model seem more plausible.

In this paper, the frictions of limited participation capture the financial dis-
connectedness in the economy. The central bank implements monetary policy
by conducting open-market operations in the asset market, which exerts heteroge-
neous impacts on the agents. Consumers’ decisions are made and locked in prior to
the disclosure of the monetary-policy shock. Thus, monetary shocks will initially
involve the financial sector and firms only. Under this circumstance, financial
institutions and firms have to face and absorb a disproportionate share of changes
in the money supply, which creates variability in the nominal interest rate and
job-vacancy creation. For instance, a contractionary open-market operation would
reduce the liquidity available in the economy and tighten the cash-in-advance con-
straint facing firms. Thus, the bond price (or the nominal interest rate) would be
pushed down (up) and fewer vacancies would be posted. Employment and output
will be scaled back accordingly. The liquidity effect is, therefore, generated by the
frictions of limited participation in financial markets.

To introduce persistent propagation of shocks, search frictions in the labor mar-
ket are combined with limited-participation frictions. The job-matching process
requires that firms allocate part of their resources to creating and maintaining job
vacancies, and the unemployed devote part of their resources to seeking jobs. As
new matches are coming into being in the labor market, the existing production
relationship is also subject to an exogenous separation shock at the end of each
period. Such inflows and outflows of employment characterize the dynamics of
the labor market. The varying aggregate labor-market conditions lead to changes
in the net expected returns to search. The latter accordingly induce responses in
search intensity, the effects of which are propagated through time via changes
in the stock of employment. Note that it is the time-consuming nature of labor
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search that delays the response of employment to disturbances and attenuates the
immediate response of other real economic variables. Calibration results show
that the search-induced responses in employment and output are persistent, even
when the monetary-policy shock is serially uncorrelated.

This adapted liquidity and labor-search model does fairly well in reproducing
persistent liquidity effects in reaction to monetary-policy shocks. We go on to
explore whether embedding the frictions of limited participation into a standard
labor search model helps explain the labor-market dynamics over the business
cycle. Shimer (2005) argues that the textbook labor search and matching model
can generate the Beveridge curve, the negative correlation between unemployment
and vacancies, but it cannot reproduce the observed business-cycle-frequency
fluctuations in labor markets in response to productivity shocks of a plausible
magnitude. The simulation results in this paper show that even if nominal shocks
contribute to the model’s empirical implications, a modified labor-search and
matching model as such does not suffice to reproduce substantial volatility in
labor markets in reaction to exogenous shocks of plausible magnitude, which
lends support to Shimer’s (2005) point of view.

The remainder of this paper is organized as follows. In Section 2, a theoretical
model with limited participation and labor-market search is laid out. In Section 3,
I characterize the household’s problem. In Sections 4, 5, and 6, the solution
method is discussed, and calibration and simulation results are presented to show
the model’s qualitative and quantitative performance. Section 7 is a conclusion.

2. THE MODEL

Consider an environment with many identical households. The measure of house-
holds is normalized to one. Each household is specialized in producing a good
but wishes to consume goods that are different from its own product. Therefore,
exchange is necessary for consumption. Absence of double coincidence of wants
is assumed, which provides a role in this economy for fiat money, intrinsically
worthless pieces of paper. The representative household consists of an entrepreneur
(or a firm), a banker, a shopper, and a continuum of workers with unit mass. All
agents within a household are infinitely lived. Each worker is endowed with a
flow of one unit of time every period. At any point in time, workers may be either
employed or unemployed. In this environment, employment is determined by a
labor market search and matching process, which introduces idiosyncratic risks
into each agent’s employment status.

Following Lucas (1990), I group different agents into large households, in which
each agent shares the same amount of consumption and regards the household’s
utility as the common objective. Idiosyncratic risks across agents are smoothed
out within each household so that agents’ decision problems can be simplified as
a representative household’s maximization problem.

Three types of markets exist: the asset market, the labor market, and the goods
market. Markets open and close sequentially. Among them, the asset market
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and goods market are centralized and Walrasian, but the labor market exhibits
search frictions. Agents in the model experience two types of aggregate shocks: a
technology shock and a monetary shock. The flexibility of an agent’s response to
either of these types of shocks is determined by the timing of the agent’s decision
in relation to the timing of the shock.

2.1. The Government

I assume that each period, the government chooses the quantity of within-period
nominal bonds to issue, denoted by Bt , such that

Bt = γtMt , (1)

for t = 0, 1, 2, 3, . . . , where Mt is the quantity of aggregate money balance at the
beginning of period t and γt is a random variable, which is not realized until the
household has allocated money for consumption. Note that the monetary policy
instrument of the Federal Reserve is denoted by γt .

2.2. The Labor Market

At the beginning of time t , lt workers in a representative household are employed
and nt are unemployed, where lt and nt are determined at the end of the last period
and lt + nt = 1.1 Every morning, employed workers in a household go to work
for other households, each receiving a real wage wt , which is determined by Nash
bargaining. Meanwhile, unemployed workers travel to the labor market and start
looking for jobs. Once hired, workers are assumed to be able to start work in the
next period.

In this economy, I assume that workers are only matched with firms from other
households. Vacancies and job seekers are brought together through a Diamond
(1982) matching technology, where the job-matching process in the labor market
is defined as follows:

G̃t (̃st ñt , υ̃t ) = hm · (̃st ñt )
1−σ υ̃σ

t , σ ∈ (0, 1), (2)

where hm is the parameter that measures the efficiency of the matching process
and σ is called the elasticity of vacancy in job matches. Let ñt be the number of
unemployed workers per household, and let s̃t be unemployed workers’ average
search intensity, so that s̃t ñt is the effective number of job hunters in the market
per household. Finally, let υ̃t denote the total number of vacancies posted by each
household at date t . The effective labor-market tightness is defined as θt = υ̃t/ s̃t ñt ,
whereas the actual tightness is still υ̃t/ñt by convention. A smaller θ represents a
tighter labor market. The rate at which the unemployed find jobs is proportional to
their search intensity and also depends endogenously on aggregate labor-market
conditions.
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The matching rate is G̃nt per unit of worker’s search intensity and G̃υt per
vacancy, where

G̃nt = hm(θt )
σ and G̃υt = hm(θt )

σ−1. (3)

Therefore, an unemployed worker searching with intensity s̃t gets a job match
with probability s̃t G̃nt . Although G̃nt depends on the condition of the aggregate
labor market, individual households take G̃nt as given. In a similar manner, for a
firm with υt vacancies, the number of possible filled matches is υtG̃υt , where G̃υt

is taken as given by an individual firm even though it depends on labor-market
tightness.

A firm’s employment evolves as follows:

lt+1 = (1 − ρ)lt + υtG̃υt . (4)

Labor supply within a representative household thus evolves according to

l̃t+1 = (1 − ρ)̃lt + ntst G̃nt , (5)

where lt = l̃t in equilibrium. The tilde on the symbol l̃t signifies the fact that it is
chosen by other households, because the representative household’s workers are
employed by other households.

2.3. Production

The output of a firm can be specified as

Yt = At · f (lt ) = At · (lt )
α, (6)

where At > 0 is the stochastic labor productivity shock and α ∈ (0, 1) denotes the
output elasticity of labor.2 Firms hire workers in the labor market for production
and sell outputs in the goods market for monetary receipts. All products are
assumed to be perishable.

3. THE REPRESENTATIVE HOUSEHOLD

In the following section, I arbitrarily pick a household i as a representative house-
hold and examine its decisions in an environment with labor-market frictions.
During every period, the employed (lt ) work full time, each receiving wages (wt )
in return. The unemployed (nt ) spend a fraction of time seeking jobs and enjoy
leisure 1 − hsν

t , where st is their search intensity in the labor market, h > 0 is the
time cost of each unit of search intensity, and ν > 1 is a parameter.3 A worker
who searches with intensity st finds a job at a rate proportional to st . Jobs are
identical but dissolve exogenously at rate ρ > 0 at the end of the day, leaving the
worker unemployed. The entrepreneur (or firm) is assumed to stay home, creating
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multiple job vacancies, hiring workers, and producing and selling consumption
goods.

At the start of each period, the household has Mt units of money on hand and
must then decide how to split the money balance among consumption (ct ), assets
(Bt ), and hiring services (υt ).4 In this model, a unit of hiring service is required to
create or maintain a vacancy in each period. Let Mc

t denote the quantity of currency
allocated to shoppers, where Mc

t � Mt . After Mc
t is evenly distributed, shoppers

leave the household and go to the goods market. Once shoppers have left, the two
aggregate shocks, the technology shock At and monetary shock γt , are revealed,
where γt measures the degree of central bank intervention through open-market
operations. Note that because shoppers have already left home, the household
cannot revise its consumption decisions according to the changed financial market
circumstances. That is, after γt is disclosed, the money allocated for consumption
is already locked in and cannot be readjusted.

Next, the household, holding the remaining quantity of cash balance, Mt −Mc
t ,

determines the amount of assets the banker will purchase and the number of
vacancies the firm will open or maintain. In the asset market, I assume that there
is only one asset bought and sold, a nominal bond issued by the government. Each
bond is purchased at a price qt in period t and promises a payoff of 1 unit of money
at the end of the period. It is assumed that in order to find the most qualified job
candidates, firms need to hire some professional services, such as headhunters, in
opening or maintaining vacancies. All the hiring services cannot be provided by
the household itself, but must be bought from other households.5 It is assumed
that bonds and hiring services must be purchased with money. Therefore, those
transactions also face a cash-in-advance constraint, like consumption goods.

Now, the household begins to negotiate the wage rate wt with other house-
holds from which it hires workers, and chooses the search intensity st for its
own unemployed workers.6 Immediately after these decisions, workers split up.
Employed workers travel to their matched firms and prepare to start production,
whereas unemployed workers move to the labor market and begin seeking jobs.
Then matches are formed, and household members carry out the trades according
to the household’s instructions. Later on, workers who supply labor services get
paid and bonds pay off. Then agents bring their wage income and residual balances
back to their households. Thereafter, all trade receipts and entrepreneurs’ profits,
all in terms of money, are added to the households’ money balances for the next
period’s allocation. Money acquired by a household from the sale of its output or
bonds redemption cannot be used within the current period to finance consumption
goods. At the end of date t , the household is required to pay a lump-sum tax Tt

to the government in money. At the same time, exogenous separation occurs with
probability ρ to matches just produced, which do not include the matches newly
formed in the current period. The timing of the model is shown in Figure 2.

By the above household structure, the members in a household do not have
incentives to make decisions. Instead, the household makes all the decisions.
With this modeling device, the decisions are the same for all households in a
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FIGURE 2. The timings of the model.
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symmetric equilibrium, except for the types of goods they produce and consume.
Let lowercase letters represent this household’s decisions and add a tilde to other
households’ decisions and aggregate variables, which the representative household
takes as given.

At the beginning of period t , each household pools its income and takes as
given the price of consumption goods, the price of bonds, and the wage rate w̃t

offered by other firms. It chooses the amount of consumption, new bond holdings,
the number of vacancies, search intensity, and a new money balance to maximize

E0

∞∑
t=0

βt
{
U

(
ct , let

)} = E0

∞∑
t=0

βt
{
U(ct ) + nt · 	

(
let

)}
, (7)

where E0 is the expectation operator conditional on information in period 0 and
β ∈ (0, 1) is the discount factor. Let ct denote the cash-good consumption and U(·)
be the instantaneous utility function on consumption, which is twice continuously
differentiable and strictly concave, with U ′(0) = ∞ (Inada condition). Let nt

represent the fraction of unemployed workers per household and let
= 1 − hsν

t

the amount of leisure available to every unemployed worker under current search
intensity st . The function 	(·) has similar properties as U(·), which represents
the utility derived from leisure. In particular, nt · 	(let

) shows the total utility of
leisure enjoyed by a representative household in period t .

3.1. The Household’s Problem

Taking the initial conditions {M0, L0} and sequence {Mt, lt , Pt , wt }t�0 as given,
the household chooses sequences {Mc

t , ct , st , υt } and {Mt+1, Bt , lt+1} to solve the
problem

J (Mt, lt ; γt−1, At−1) = max
Mc

t

Eγt ,At

{
max

ct ,st ,υt ,lt+1,Bt ,Mt+1

[U(ct ) + nt · 	(let )

+βJ (Mt+1, lt+1; γt , At )]

}
(8)

subject to the following conditions for all t � 0:

let
= 1 − hsν

t ,

Mc
t + Mw

t � Mt, (9)

Ptct � Mc
t , (10)

qtBt + Ptκυt � Mw
t , (11)

Ptct + qtBt + Ptκυt + Mt+1 + Tt � Mt + Bt + Ptw̃t l̃t + Pt [Atf (lt ) − wt lt ],

(12)

lt+1 = (1 − ρ)lt + υtG̃υt , (13)
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l̃t+1 = (1 − ρ)̃lt + ntst G̃nt . (14)

In equation (8), the inner maximization is conditional on the information of
γt and At , while the outer maximization is conditional on γt−1 and At−1. The
presence of Eγt

indicates households’ expectation about the quantity of bonds that
will be sold in the asset market. Equation (9) implies the Lucas rigidity and Mc

t

is chosen by the household prior to monetary disturbances becoming known. The
constraint (10) is the cash-in-advance constraint for consumption goods, while
the constraint (11) states that the purchase of assets and recruiting service is also
subject to a cash constraint. Note that κ is the real resource cost of 1 unit vacancy
service.

The condition (12) is the overall budget constraint for the household in period t .
Here, Bt appears on the right-hand and left-hand sides of the budget constraint.
This is because these are within-period bonds for which the banker gives up qtBt

units of money in the asset market at the beginning of the period and will receive
Bt units of money as a payoff at the end of the period. For convenience, I rule out
the fixed costs of search intensity and only consider the role of variable costs, i.e.,
costs in time hsν

t , which was discussed in the preceding section. An agent who is
not searching does not incur any costs. Meanwhile, Pt [Atf (lt ) − wt lt ] is the total
profit the household claims from its firm, evaluated in nominal terms, and Tt is the
nominal lump-sum tax.

The evolution of employment within a representative household is given by
equation (13). Equation (14) determines the amount of labor service supplied by
this household during period t + 1 to other households.

Now, let us substitute the expression for let
into the utility function and rewrite

constraints (9)–(14) in scaled form, that is, deflating the appropriate nominal
variable by the current money supply, dropping time subscripts, e.g., pt = Pt/Mt ,
and using primes “′” to denote variables dated t + 1 and superscripts “−” to
denote variables dated t − 1. Then we let λ1, λm, λl , and λ4 denote the multipliers
associated with constraints (11)–(14), respectively. Taking first-order conditions
with respect to c, b, υ, s, m′, and l′, we have

U ′(c) = (λ1 + λ2)p, (15)

βJ1(m
′, l′; γ,A) = λ2 = λm, (16)

λm = (λ1 + λm)q, (17)

βJ2(m
′, l′; γ,A) = λ3 = λl, (18)

G̃υλl = (λ1 + λm)pk, (19)

−	′(s) = λ4G̃n. (20)

Therefore, Euler equations are derived as follows:

βE[λ′
1 + λ′

m|γ,A] = λm = (λ1 + λm)q, (21)
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βE{λ′
mp′[A′f ′(l′) − w′] + λ′

l(1 − ρ)|γ,A} = λl. (22)

Comparing and rearranging (17) and (19) leads to

λm

q
= G̃υλl

pκ
.

That is, in each period, the household has two investment options: acquiring
bonds or creating vacancies. Bonds are able to bring direct nominal returns when
they pay off at the end of each period. However, the investment in labor works in
a different way. Each unit of labor services can help open or maintain a vacancy,
which is filled with probability G̃υ . Once this new match produces, the resulting
output is sold for money at the end of the period. Therefore, in equilibrium, the
household must be indifferent between these two investment transactions, which
requires the return from acquiring bonds (i.e., λm/q) to be equal to that from
vacancy posting (i.e., G̃υλl/pκ).

Equation (20) determines the optimal level of search effort at which the marginal
cost of search is equal to the expected returns of search. Assuming that constraints
(11) and (12) bind, by (21), the bond price q is equal to λm

λ1+λm
, which is less than 1.

Therefore, the zero lower bound of nominal interest is satisfied and a strictly
positive quantity of nominal bonds are transacted in period t ; that is, b > 0.
Conditional on the information available in the current period, equation (22)
indicates the marginal value of new employment at time t , λl . This intertemporal
equivalence implies that the expected marginal benefit of employment is equal to
the sum of expected marginal profit this employment could generate in the next
period through production and the continuation payoff if this job match remains
productive in period t + 1.

3.2. Wage Determination

In a frictionless Walrasian labor market, the wage rate equals the marginal product
of labor. However, in a labor market with search frictions, wages are chosen to split
the positive surplus arising from a successful match, depending on the negotiation
power of each party. In the following section, efficient Nash bargaining is used.
The real wage is assumed to maximize a weighted Nash product of the worker’s
and the firm’s surpluses, and the parameter η ∈ (0, 1) denotes the firm’s bargaining
power. The Nash bargaining solution turns out to be

wt = η

[
	

(
1 − hsν

t

)
λmt

pt

]
+ (1 − η)[Atf

′(lt ) + θt · κ]. (23)

Several points follow.7 First, firms are assumed to be identical and they offer the
same wage rate in any symmetric equilibrium. Therefore, wt = w̃t . Second, the
wage can be interpreted as a weighted average of the threat points of employees
and employers, i.e., the “reservation wage” and the marginal benefit of hiring,
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respectively. The quantity 	(1 − hsν
t ) is the disutility of working in terms of

leisure and the division by λmt
pt transforms the utility into real costs. Thus,

the net cost of working, 	(1 − hsν
t )/λmt

pt , could be regarded as the worker’s
reservation wage. Working is preferable only when the wage is able to cover the
incurred costs. Third, search intensity is inversely related to the reservation wage.8

That is, in order to acquire jobs, workers intend to lower their reservation wage
as they search more intensively. Fourth, each choice of η represents a particular
division of the surplus, which has a distributive role of the rent from the foregone
expected costs. In the absence of distortionary policies, a particular η could be
chosen to induce efficient allocations. This efficiency condition is η = σ , where
the latter is the elasticity of vacancy.9 We should also note that, in this model,
real wage depends directly on the labor-market condition θt . The tighter the job
market, the lower the negotiated wage and vice versa.

3.3. Search Equilibrium

DEFINITION 1. A symmetric search equilibrium is a sequence of the house-
hold’s choices {ct , st , υt , bt , lt+1,mt+1}, predetermined employment levels {lt , l̃t },
prices {pt , qt , w̃t }, and aggregate labor market conditions {υ̃t , ũt } and the induced
matching rates G̃nt and G̃υt , such that

(1) Symmetry obtains: {ct,st , υt , bt , lt+1, mt+1} = {̃ct , s̃t , υ̃t , b̃t , l̃t+1, m̃t+1}. That is,
choices are identical across households.

(2) Given the predetermined employment level, aggregate labor market conditions,
prices, and matching rates, {ct , st , υt , bt , lt+1, mt+1} solves the household’s problem.

(3) The goods market clears.
(4) The money market clears.
(5) The labor market clears. The flows of workers in and out of employment are equal to

each other and wages are determined via bilateral negotiations between workers and
firms.

In a symmetric equilibrium, I have

(1) the goods market clears:
c + kυ = Af (l); (24)

(2) the bonds market clears:
b = γ ; (25)

(3) the money market clears:
m = m′ = 1, (26)

pc = mc, (27)

qb + pκυ = 1 − mc;
(4) the labor market clears:

l = l̃, (28)

nsG̃n = G̃υυ. (29)
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Combining equations (24)–(27), I have

q = 1 − pAf (l)

γ
,

which shows that the price of a nominal bond is explicitly dependent on monetary
policy shocks. For example, a larger open-market sale drives down the bond price,
or lifts the nominal interest rate.

4. CALIBRATION

I interpret the length of a period in this model as a quarter and compute the log-
linearized approximations to the equilibrium decision rules around the steady state.
The technical Appendix B details the solution method. The model is calibrated
to the quarterly U.S. data from the year 1951 to 2003, which is HP-filtered (see
Appendix C for data source). Then the impulse response function is used to
investigate the effects of exogenous shocks, expressed in terms of deviations
around the steady state.

4.1. Aggregate Shocks

The monetary aggregate M2 is used to compute money growth rate γt , and
γ ∗ = 0.0168, which matches the sample average. The steady-state level of the
productivity shock At is normalized, such as A∗ = 1, and α is calibrated so that
the aggregate labor income is about 64% of GDP [Christiano (1988)]. A first-order
autoregression is fitted to the detrended monetary growth rate γt and the logarithm
of labor productivity At , respectively. That is,

γt = ρmγt−1 + εmt

and
ln At = ρa ln At−1 + εat ,

where ρi (i = a,m) denotes the serial correlation coefficient, εm � normal (0, σ 2
m)

the monetary shock, and εa � normal (0, σ 2
a ) the productivity shock.10 The above

specification for the productivity shock is standard in the RBC literature, where
ρa is 0.9 and the standard deviation σa is set at 0.01. For the monetary shock, the
ρm is set to 0.55 and the standard deviation of the policy shock σm is 0.0056.

4.2. Functional Forms

To solve and calibrate the model, the following functional form is chosen for the
instantaneous utility function:

U(ct ) + nt · 	(ξt ) = c
1−χ
t − 1

1 − χ
+ nt · σn · ξ

1−η2
t − 1

1 − η2
, (30)
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TABLE 1. Benchmark parameter values

Preference Labor market

Parameter Value Parameter Value

β 0.99 ρ 0.068
χ 4 hm 1.2
σn 1.5 σ 0.8
h 0.25 η 0.6
ν 2 α 0.66
η2 2 κ 0.122

where ξt = let = 1 − hsν
t , representing leisure available to each unemployed

worker, and σn > 0 is a parameter related to leisure. To specify the house-
hold’s optimization problem in a tractable way, it proves useful to introduce a
utility function that is additively separable in consumption and leisure [Uribe
and Schmitt-Grohe (2005)].11 Note that the parameters χ , η2, and σn cannot be
identified. To address this problem, I will set these parameters to certain values
following the literature. For example, the subjective discount factor β is set at 0.99
to match the sample mean of the quarterly real interest rate.

4.3. Labor Market Matching Process

The parameter values specified in the labor search model are fairly standard in
the literature. Referring to the estimates of Blanchard and Diamond (1989), the
elasticity of vacancy σ is set at 0.8. Following den Haan et al. (2000) and Walsh
(2005), the exogenous job separation rate ρ is equal to 0.068. Following Cooley
and Quadrini (1999) and Walsh (2005), the steady-state value of the vacancy-
filling probability Gυ is set equal to 0.7. The real cost of opening or maintaining
a vacancy κ , is calibrated so that job posting costs are 1% of steady-state output
[Hairault (2002)]. The population size is normalized to 1 and the steady-state
values of l∗ and n∗ are set such that the unemployment rate is 6%. To tie down
the bargaining power of a firm (η), I set it to be close to the value of σ . Table 1
summarizes the values of benchmark parameters.

5. MODEL RESULTS

5.1. Impulse Response

Figure 3 demonstrates the responses of vacancy, labor employment, search in-
tensity, consumption, real wage, bond price, and goods price to a temporary 1%
positive shock in open-market sales.

The figure displays the qualitative and quantitative implications of a monetary
tightening produced by this model. In the figure, all the economic variables,
except the nominal interest rate, fall after a contractionary monetary policy, and
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FIGURE 3. The dynamic effects of a contractionary money shock.

then gradually return to their steady-state levels. These illustrated liquidity effects
generally decay after three years (twelve quarters) in the model economy, which
matches the existing VAR evidence well (shown in Figure 1).

Several features are noteworthy. First, a larger open market sale tightens the
cash-in-advance constraint (11), which curtails the vacancy-creation activities.
Then, the effects of the monetary policy are channeled into the real-economy
side through the decrease in vacancies. At the same time, the time-consuming
nature of the job-searching and matching process mutes the abrupt responses in
the labor market and prolongs these effects accordingly. Therefore, the dynamic
motion of economic variables, such as employment, interest rates, and prices
become persistent, which are typically associated with the VAR estimates of the
impact of a monetary-policy shock. Second, in sharp contrast to sticky nominal-
wage environments, this model implies that a negative money-supply shock leads
to decreases in the real wage. Third, the reduced liquidity induces downward
pressure on bond prices, which pushes up the nominal interest rate accordingly
and generates a short-run liquidity effect in the financial market.

Evidently, the combination of frictions in financial markets and labor markets
amplifies and prolongs the impact of money shocks and acts as an important
transmission mechanism for monetary policy.
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FIGURE 4. The dynamic effects of an i.i.d. monetary shock.

5.2. Impulse Response under Monetary Policy Inertia

Cochrane (1998) argues that the persistent real responses to monetary shocks might
result from the inertia displayed by monetary policy itself rather than reflecting
sluggish adjustment by the private economy. By decreasing ρm to zero, I introduce
i.i.d. monetary policy shocks into this environment and the corresponding impulse
responses of the economy are illustrated by Figure 4.

The investigation shows that the combination of rigidities in financial markets
and labor markets can account for the persistent liquidity effects, even in the
absence of policy inertia. The impact of monetary shock on nominal variables,
such as goods price and nominal interest rate, is still persistent, but decays faster
now (in about three quarters). The degree of persistence of real effects does not
change, but the overall magnitude of liquidity effects have become larger, which
implies that an “unexpected” monetary shock generates a stronger impact on the
economy than a “well-anticipated” one. It is clear that the persistent propagation
of monetary shocks in this model can be mainly attributed to the costly search and
matching process in the labor market. Monetary policy inertia itself does not play
a critical role in reproducing persistent real effects.
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6. CYCLICAL BEHAVIOR OF THE MODEL

In the preceding sections, labor search and matching is incorporated into a frame-
work with financial-market rigidity to study a monetary policy issue, the so-called
liquidity effects. Now, I will explore if this adapted “liquidity and labor search”
model is able to explain the cyclical behavior of some essential elements in labor
markets.

The recursive law of motion is employed to simulate the model, starting from a
steady state at time 0. Specifically, 1,000 “quarters” of data are simulated and the
first 788 data points are discarded. The remaining 212 data points correspond to
quarterly data from 1951:Q1 to 2003:Q4. Then the log of the model-generated data
is detrended using an HP filter with a smoothing parameters of 105. The procedure
is repeated 10,000 times, yielding good estimates of the standard deviation across
model-generated observations.

I start this section by documenting the cyclical behavior of the labor-market
variables considered in Shimer (2005), including unemployment (u), vacancies
(υ), the job-finding rate (f ), and labor productivity (a). Additional cyclical facts
about consumption (c), real wage (w), and money growth rate (γ ) are added. To
highlight the business cycle–frequency fluctuations, all variables in the following
tables are quarterly and reported in logs as deviations from an HP trend with
smoothing parameter 105. Table 2 summarizes the main findings of this model
under different shocks, productivity shock only or a combination of productivity
and monetary shock. This provides a good comparison with Shimer (2005) and
the detrended data from the U.S. labor market. In the following sections, SR is
used to denote the predictions in Shimer (2005), whereas LY represents the results
in current model.

TABLE 2. Empirical evidence and model implications

Model prediction (a only)
Model prediction

Variables Data SR model LY model (a and γ ) LY model

Standard deviation
u 0.190 0.009 0.051 0.059
υ 0.202 0.027 0.052 0.057
υ

u
0.382 0.035 0.098 0.103

f 0.118 0.010 0.032 0.039
c 0.021 NA 0.035 0.037
w 0.015 NA 0.016 0.018
a 0.020 0.020 0.020 0.020
γ 0.007 NA NA 0.007

Beveridge curve
Corr. (u, υ) −.894 −.927 −.790 −.801
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The simulation results show that the economic variables considered here, in
general, are substantially less volatile than their empirical counterparts, but more
volatile than those obtained in a standard labor-search and matching model [Shimer
(2005)]. This is attributed to the endogenous job search of unemployed workers in
this framework. Intuitively, under positive productivity and monetary shocks, firms
are motivated to post more new jobs. Meanwhile, rising search activity expands
the pool of potential hires and avoids excessive tightening of the labor market. As
a consequence, the bargaining power of the incumbent and newly hired workers
is constrained from rising too much. This keeps wage pressure lower than would
be suggested by a standard labor-search model, which further increases firms’
incentives to create vacancies. Therefore, the interaction between job search and
vacancy posting generates an internal propagation mechanism, which produces
better quantitative results than those implied by Shimer (2005).

Another result that stands out in Table 2 is that the current model is successful
in matching the negative comovement between unemployment and vacancies in
the context of flexible real wages. Merz (1995) and Andolfatto (1996) introduced
labor-search frictions into a real–business cycle model with capital accumulation.
However, both papers produce a counterfactually positive correlation between
unemployment and vacancies. Here, I perform a quantitative analysis by simulating
the model and compare results with the data. The empirical correlation between
these two variables is −.89, the Beveridge curve. The model actually produces a
weaker negative correlation of −.80.

7. CONCLUSIONS

A rich dynamic general-equilibrium model has been constructed in which frictions
of limited participation in financial markets and search frictions in labor markets
are combined to account quantitatively for the liquidity effects in response to
monetary policy shocks. Costly search and sluggish matching in labor markets
are found to have a significant impact on the propagation of nominal shocks.
Persistent liquidity effects are successfully generated without price rigidity. This
paper, therefore, presents a promising alternative channel through which monetary
policy can be transmitted to the real economy and propagated over time.

This paper also explores whether the adapted liquidity and labor-search model
has the ability to explain the observed labor-market dynamics in response to ex-
ogenous shocks of a plausible magnitude. The simulation of the model shows that
even though monetary shocks alone cannot generate a sufficient degree of volatility
in economic aggregates, the alliance of labor-productivity shocks and monetary
shocks does a reasonably good job in helping us understand real–business cycle
phenomena.

To improve the model’s empirical performance along certain dimensions, sev-
eral extensions could be done. Endogenous job destruction could be introduced
to increase the volatility of labor-market aggregates to more realistic values. An-
other possibility might be embedding capital formation into this model, which



LABOR SEARCH AND LIQUIDITY 219

will strengthen the important role of the financial sector as intermediation. The
magnitude of liquidity effects, therefore, will possibly be amplified.

Additionally, this framework allows the policy evaluation based on expected
welfare. The accommodative role of optimal monetary policy to the perturbation
in productivity can be investigated in this environment. I intend to explore this
refinement in future work.

NOTES

1. Following Andolfatto (1996) and Hairault (2002), I ignore the distinction between the unem-
ployed and the out-of-labor force.

2. In this model, the capital-stock dynamics is ignored. I assume that the capital stock is equal to
1 and no depreciation occurs in each period.

3. Following Shimer (2004), s is the number of job applications each unemployed person makes.
It is natural to assume that s can take any positive real numbers, and interger constraints are unlikely
to be important.

4. In real economic life, there are a lot of headhunters who act as intermediaries in the job market
and provide recruitment and staffing services to all kinds of business firms.

5. The purpose of making hiring services subject to a cash-in-advance constraint is to introduce
real effects of monetary policy through vacancy creation.

6. In this environment, firms do not face a cash constraint in paying their workers. Wage could
be paid in money or within-period credit and the credit will be cleared at the end of the period with
monetary receipts from sales.

7. Appendix A explains how to obtain the Nash bargaining solution for the real wage rate.
8. Let wr denote the reservation wage. Taking the derivative of wr with respect to the search

intensity, st , we have ∂wr/δst < 0.
9. Following Andolfatto (1996) and Merz (1995), the condition that the negotiation power of firms

η, equals the elasticity of vacancy σ implies that the steady-state unemployment rate is efficient [Hosios
(1990)].

10. Since the accommodative role of monetary policy is not considered here, I simply assume these
two types of shocks are independent to each other.

11. This separability turns off an important interaction between consumption and labor decision
because it imposes a restriction that the cross-derivatives in the utility function are zero.
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APPENDIX A: WAGE DETERMINATION

Let J
f
t denote the value of an active entrepreneur in a representative household at the end

of period t , V
f
t the value of posting an additional vacancy, Ww

t the value of an employed
worker, and Uw

t the value of being unemployed. Specifically, we can write

J
f
t = λmtpt [Atf

′(lt ) − wt ] + βEt

[
(1 − ρ)J

f

t+1 + ρV
f

t+1

]
,

V
f
t = −λmtptκ + βEt

[
G̃υtJ

f

t+1 + (1 − G̃υt )V
f

t+1

]
.

The free-entry condition implies that V
f
t = 0 for all t . Therefore, we have

J
f
t = λmtpt [Atf

′(lt ) − wt ] + (1 − ρ)
λmtptκ

G̃υt

.

In addition, the value of employed and unemployed workers can be written as follows:

Ww
t = λmtptwt + βEt

[
(1 − ρ)Ww

t+1 + ρUw
t+1

]
,

Uw
t = 	

(
1 − hsν

t

) + βEt

[
G̃ntW

w
t+1 + (1 − G̃nt )U

w
t+1

]
.
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These two equations imply that

Ww
t − Uw

t = λmtptwt − 	
(
1 − hsν

t

) + βEt

[
(1 − ρ − G̃nt )

(
Ww

t+1 − Uw
t+1

)]
.

Next, the real wage rate is determined by the Nash bargaining process with share
η of the join surplus going to the firm. The solution to the maximization problem
satisfies

Ww
t − Uw

t = 1 − η

η
J

f
t .

Then, inserting the value functions into the above bargaining rule yields the solution

wt = η

[
	

(
1 − hsν

t

)
λmt

pt

]
+ (1 − η)[Atf

′(lt ) + θt · κ].

APPENDIX B: SOLUTION METHOD

Following Uhlig (1995), we find the solution to the recursive equilibrium law of mo-
tion, using the method of undetermined coefficients. We let xt denote the endogenous
state vector, size 2 × 1, yt the list of jump variables, size 10 × 1, and zt be the list of
exogenous stochastic process, size 2 × 1. To be specific, in our model, xt , yt , and zt

are

xt =
[

lt
wt

]
, yt =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

ct

υt

qt

pt

Gυt

Gnt

st

λit

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, i = 1, m, l, zt =

[
At

γt

]
.

Thus, the equilibrium conditions can be written

AAxt + BBxt−1 + CCyt + Dzt = 0,

Et [FFxt+1 + GGxt + HHxt−1 + JJyt+1 + KKyt + LLzt+1 + MMzt ] = 0,

NNzt + εt+1 = zt+1, where Et [εt+1] = 0,

where it is assumed that CC is of size 10 × 10 and of rank 10, that FF is of size 2 × 10,
and that NN has only stable eigenvalues.

Next, we need determine matrices PP , QQ, RR, and SS such that the following
recursive law of motion is stable:

xt = PPxt−1 + QQzt ,

yt = RRxt−1 + SSzt .
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APPENDIX C: DATA SOURCES

Data employed in this paper come from the following sources: the Federal Reserve Bank
of St. Louis and the Bureau of Labor Statistics (BLS). All data are quarterly averages of
the seasonally adjusted monthly series and start from the year 1951. Data are

(1) M2 aggregate, monthly (γ ).
(2) Nominal interest rate (FYGM3), 3-month treasury bill yield, monthly (r).
(3) Conference board help-wanted advertising index, with normalization 1987 = 100,

monthly (υ).
(4) Civilian employment (16 years and older), monthly (l).
(5) Civilian labor participation rate, monthly.
(6) Civilian unemployment rate, monthly (u).
(7) Real gross domestic product, in 2000 dollars, quarterly.
(8) Real output per person in the nonfarm business sector, monthly (a).
(9) Real compensation per hour in the nonfarm business sector, quarterly (w).

(10) Real personal consumption expenditures, billions of chained 2000 dollars, quarterly
(c).

(11) Personal consumption expenditures chain-type price index, index 2000 = 100, quar-
terly (p).

(12) Consumer price index for all urban consumers (all items), index 1982–1984 = 100,
monthly.

(13) Gross domestic product implicit price deflator, index 2000 = 100, quarterly.


