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Abstract

This paper investigates the implications of agency problems on credit markets when vacancy

costs require some external �nancing for the propagation properties of an otherwise standard

labor search model. The countercyclical premium on external �nance greatly increases the

elasticity of vacancies to exogenous innovations such that the model can match the volatility

of aggregate unemployment, vacancies and labor market tension. The model is extended to

allow for endogenous job separation as there is evidence that employment contractions are more

pronounced at �nancially constrained �rms. This improves the ability of the model to match key

labor market statistics while preserving a Bevridge curve between unemployment and vacancies.
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1 Introduction

The standard Mortensen and Pissarides (1994) search and matching model has been argued in

many places to be inconsistent with key business cycle facts (e.g. Shimer, 2005). In particular it

cannot explain the high volatilities of unemployment and vacancies, nor the strong procyclicality

of the rate at which workers �nd a job. Subsequent research has focused on whether the lack

internal propagation stems from the structure of the model itself (e.g., Shimer 2004) or whether it

is a question of setting an appropriate calibration (e.g., Hagedorn and Manovskii, 2007).

This paper explores the implications of agency costs when external �nance must be called upon

to fund part of a �rm�s vacancies in an otherwise standard DSGE labor search framework (e.g.

Merz, 1996, or Andolfatto, 1997). Firms write standard debt contracts to fund vacancies over net

worth in set similar to Carlstrom and Fuerst (1997). As the premium on external funds varies

inversely with the business cycle, so do the costs of vacancies. Combined with the persistent

relaxation of �nancing constraints as net worth is accumulated during an expansion, this generates

a powerful �nancial accelerator that greatly increases the response of vacancies to an exogenous

shock.

The model�s quantitative results, detailed in section 3, are set against a comparable framework

without credit frictions. The results show that the propagation potential is signi�cant generating a

labor market tension that matches the volatility relative to output observed in the data. As a result,

the relative volatility of unemployment in the presence of credit frictions rises to 4.50, compared to

1.46 in the standard model and 6.82 in the data. The second signi�cant implication is a sluggish

response of vacancies and the job �nding hazard to a technological innovation. Such a response,

characteristic of the empirical observations that a standard model cannot replicate, stems from

the progressive relaxation of �nancing constraints through the accumulation of net worth. These

results are robust to various parameterizations of the credit and labor market frictions.

The model is then extended to allow for endogenous labor separation. Introducing endoge-

nous separation to meet interest payments on debt contracts is motivated by the observation that

employment contractions are more pronounced at �nancially constrained �rms.1 The impact of

countercyclical separation is twofold. On the one hand, the response of output is ampli�ed as the

separation rate directly impacts employment entering production. As a consequence, the relative

1This observation is drawn from data for all publicly listed �rms in the U.S. having �led for bankruptcy since

1980 contained in the Bankruptcy Research Database along with �rm level observations contained in Compustat.
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volatility of unemployment increases, closer yet to the empirical observation. On the other hand,

the drop in separation during an upturn, by rapidly increasing employment, puts downward pres-

sure on the value of an additional vacancy. While the model with credit frictions and exogenous

labor separation generates too much volatility in vacancies, the extension to endogenous job sep-

aration results in less volatile job vacancies which are in line, almost exactly, with their empirical

counterpart.

The model, is motivated by the large body of evidence, suggesting that credit market frictions

play an important role for �rm behavior. Empirically, panel data studies �nd that small �rms with

more di¢ cult access to credit pay fewer dividends, take on more debt, and have investment rates

that are more sensitive to cash �ows even after controlling for future pro�tability.2 More to the

present concern, Rendon (2001?) �nds that job creation is restricted by limited access to credit.

Theoretically, numerous papers show how optimizing models of the �rm with incomplete contract

enforcement and asymmetric information in the lending process can rationalize the observed cor-

relation of �rm size and age with mean growth (negative) and survival rates (positive).3 While

the macroeconomic consequences of credit market imperfections have generally focused on their

consequences for capital investment, e.g. models of �nancial intermediation and agency costs by

Bernanke and Gertler (1989) or Kiyotaki and Moore (1997), their implications for labor markets

have been largely overlooked.4

The macroeconomic literatures concerned with the dynamic e¤ects of credit and labor mar-

ket imperfections have overlooked the potential propagating properties of conditioning hiring of

the availability of external funding and, furthermore, that separations be a¤ected by �nancial con-

straints. One notable exception is the analysis of Wasmer and Weil (2004), which is close in spirit to

this paper and who �rst identify the �nancial accelerator at play in this paper. In their setting, to

some degree, the credit friction is extreme in that vacancies require a �rm to �rst locate a creditor.

Thus a job is a tripartite arrangement between an entrepreneur, a creditor and a worker. Such a

framework applies more to market entry and doesn�t accommodate the notion of multi-worker �rms

nor the accumulation of net worth, the friction being independent of size. Moreover, their paper

is concerned with steady state implications, not the dynamic propagation of shocks. This paper

2See Hubbard (1998) and Stein (2000) for surveys.
3See Cooley and Quadrini (2001) or Clementi and Hopenhayn (2002).
4Notable exceptions include Acemoglu (2001) and Wasmer and Weil (2004) who examine the impact of credit

frictions for equilibrium unemployment.
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also contributes to the growing body of research of the dynamic properties of labor search models.

Various authors have presented alternative wage determining mechanisms as a way to increase the

internal propagation. Ramey conducts an extensive analyses of the importance of modelling the

separation margin. XXXX

2 Model

The model is populated by two types of agents: �rms that produce using labor and households

who decide on optimal consumption and purchases of risk free bonds. The allocation of labor from

households to �rms involves a costly and time consuming matching process in a representative

household framework, as Merz (1996) or Andolfatto (1997).5 Firms must seek external funds over

their net worth to �nance current vacancies, and the lending relationship is subject to a credit

market friction of the costly state veri�cation type initiated by Townsend (1979), resulting in a

debt contract characterized by a monitoring threshold and optimal vacancy postings.

2.1 Labor markets and households

The set up of the labor market is quite standard now in the labor search literature. Firms post

job vacancies Vt at a unit cost of 
: Jobs are �lled via a constant returns to scale matching

function taking vacancies and unemployed workers M(Ut; Vt): De�ne �t = Vt
Ut
as the labor market

tightness from the point of view of the �rm. The matching probabilities are M(Ut;Vt)
Vt

= p(�t) and
M(Ut;Vt)

Ut
= q(�t) for �rms and workers respectively, with @p(�t)=@�t < 0 and @q(�t)=@�t > 0. Note

that q(�t) = �tp(�t): Jobs are destroyed at the exogenous rate �: Thus employment Nt and

unemployment Ut evolve according to

Nt+1 = (1� �)Nt + p(�t)Vt (1)

Ut+1 = (1� q(�t))Ut + �Nt (2)

5For a formal treatment of the set-up, see Mortensen and Pissarides (1994). The introduction of labor search

to quantitative business cycle reseach is owed to the contributions of Merz (1995) and Andolfatto (1996). Labor

force participation choices are not considered here, individuals are either employed or unemployed. See Wasmer and

Garibaldi (2005) or Haefke and Reite (2006) for models of labor market participation.
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The representative household, given existing employment and unemployment, choose optimal

consumption and purchases of risk free bonds, which pay a rate r the following period, in order to

maximize the value function:6

V (Nt; Ut) = max
Ct;Bt

[U(Ct) + �EtV (Nt; Ut)] ;

subject to the budget constraint WtNt + bUt + (1 + rt�1)Bt�1 + �t = Ct + Bt + Tt, and the laws

of motion for matched labor (1) and unemployment (2). The government raises Tt in taxes to

fund unemployment bene�ts Utb: �t are �rm pro�ts rebated lump sum at the end of the period.

Denoting the multiplier on the budget constraint by �; the �rst order conditions are

(Ct) : UC(Ct) = �t (3)

(Bt) : �t = �Et�t+1(1 + rt) (4)

2.2 Financial contract and vacancy decisions

The informational assumptions are chosen to generate standard one period debt contracts, in the

tradition of Gale and Hellwig (1985) and Williamson (1987), set in a quantitative macroeconomic

framework as in Carlstrom and Fuerst (1997) or Bernanke et al. (1999).7 The contracts are written

in a competitive capital market (in the sense that there is a large number of insigni�cant lenders

and �rms) and lenders are assumed to hold su¢ ciently large and diversi�ed portfolios to ensure

perfect risk pooling, with the result that investors behave as if they were risk neutral. Repayment

of the debt is assumed to occur within the period such that there is a unit opportunity cost to

funds. The competitive pressure ensures that each lender-�rm pair will write a contract which

maximizes the expected utility of the �rm subject to the constraint that the expected return to the

lender covers the opportunity cost of funds.8

De�ne period net revenues as x (X �W )N , where W is the wage rate, x is a random variable

with positive support, cdf F (x) and pdf f(x), and X is the aggregate level of technology. The

crucial assumption is that agents have asymmetric information over the realization of the random
6As in Andolfatto (1997), each worker is a member of a household that o¤ers perfect insurance against labor

market outcomes, and is involved in a passive search process.
7The contract speci�c notation will be similar to Bernanke et al. (1999).
8 If the expected utility of the �rm is not maximized subject to this constraint, some other investor can o¤er a

contract which is more atractive to the �rm and still make a pro�t, see Gale and Hellwing (1985).
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variable x: This state can only be observed by lenders at some cost proportional to realized net

revenues, 0 < � < 1.

The timing of events in each period is as follows. Assume that vacancy costs 
V must be

paid before production occurs. All agents observe the aggregate state X and, given initial assets

A, �rms borrow (
V �A) from �nancial markets to pay for period vacancy postings. Lenders

and borrowers agree on a contract that speci�es a cuto¤ productivity x such that if x > x, the

borrower pays x (X �W )N and keeps the equity (x� x) (X �W )N . If x < x; the borrower

receives nothing and the lender claims the residual net of monitoring costs.

Before writing the optimal contract, de�ne the expected gross share of returns going to the

lender as:

�(x) =

Z x

0
xdF (x) +

Z 1

x
xdF (x)

noting that �0(x) = 1� F (x) > 0 and �00(x) = �f(x) < 0, and expected monitoring costs as

�G(x) = �

Z x

0
xdF (x)

with �G0(x) = �xf(x): Express the expected share of returns going to the borrower as

�(x) =

Z 1

x
(x� x) dF (x)

and note that �(x)+�(x) = 1: It is easy to see that the expected gross share to the lender will always

be positive.9 We can now express the lender�s participation constraint as [�(x)� �G(x)] (X �W )N =

(
V �A) :

Given the assumptions on the functional forms, notably the constant returns to scale in pro-

duction and a linear monitoring technology, the loan amount will be proportional to net worth

and each �rm will face the same interest rate (see Carlstrom and Fuerst, 1997). The result is a

straightforward aggregation that permits to work in a representative �rm framework. Aggregate

assets will evolve according to At+1 = & [1� �(xt)] (Xt �Wt)Nt; where 0 < & < 1 is needed for

avoid self-�nancing,10 which by rearranging as

At+1 = &

�
(Xt �Wt)Nt �

�
1 +

�G(xt) (Xt �Wt)Nt

Vt �At

�
(
Vt �At)

�
9To do so, take the limits limx!1 �(x) =

R1
0
xdF (x) = 1 > 0; limx!0 �(x) =

R1
0
xdF (x) = 0; and recall that

�(x) is strictly increasing and concave in x.
10The assumption of some depletion in the stock of assets is needed to rule out eventual self-�nancing. Carlstrom

and Fuerst (1997) and Bernanke, Gertler and Gilchrist (1998) assume that a fraction of the entrepreneurial population

exits every period consuming their assets on the way out.
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focuses on the premium associated with external funds: �G(xt)(Xt�Wt)Nt

Vt�At :

We can now write the optimal incentive compatible contracting problem with non-stochastic

monitoring and repayment within the period. Vacancy postings and the threshold x are chosen to

maximize the expected gross return to the �rm subject to the lender�s participation constraint and

the law of motion for employment:

J(Nt) = max
Vt;xt

[1� �(xt)] (Xt �Wt)Nt + �Et
�t+1
�t

J(Nt+1)

subject to [�(xt)� �G(xt)] (Xt �Wt)Nt = (
Vt �At)

and Nt+1 = (1� �)Nt + Vtp(�t)

Denoting the multiplier on the lender�s participation constraint by �, the �rst order conditions are

(Vt) : �
�t + p(�t)�Et
�t+1
�t

Jn(Nt+1) = 0

(xt) : ��0(xt) + �t
�
�0(xt)� �G0(xt)

�
= 0

(�t) : [�(xt)� �G(xt)] (Xt �Wt)Nt � (
Vt �At) = 0

The �rst of these de�nes a job creation condition equating the average cost of a vacancy to the

expected marginal value of an additional employed worker 
�t
p(�t)

= �Et
�t+1
�t
Jn(Nt+1). In order to

derive the marginal value of a worker to the �rm, Jn(Nt); di¤erentiate the �rm�s value function

with respect to N :

Jn(Nt) = [1� �(xt)] (Xt �Wt) + �t [�(xt)� �G(xt)] (Xt �Wt) + (1� �)�Et
�t+1
�t

Jn(Nt+1):

The �rst term express the net return on an employee accruing to the �rm, the second captures

the value an additional worker brings in terms of relaxing the �nancing constraint, and the �nal

terms captures the value of the continued relationship. For the sake of simplifying the notation,

call 
(xt) = �t [�(xt)� �G(xt)] � �(xt). Combining the value of a marginal worker with the

optimality condition for vacancies, and making use of the household bond Euler equation (4),

yields the intertemporal condition for vacancy postings


�t
p(�t)

=
1

1 + rt
Et

�
[1 + 
(xt+1)] (Xt+1 �Wt+1) + (1� �)


�t+1
p(�t+1)

�
(5)

At this stage it is useful to show how this setting with credit frictions compares with a standard

search model. First, consider the limit of the credit constraint multiplier �t: From the �rst order
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condition for the cuto¤ productivity, the multiplier may be expressed as

�t =
�0(xt)

[�0(xt)� �G0(xt)]
(6)

In the absence of monitoring costs the threshold x tends to the lower bound of its support. It

is straightforward to show that @�t=@xt > 0; and that in the limit limxt!0 �t = 1 and limxt!0


(xt) = 0: As a result the �rst order condition (5) collapses to the standard, job creation condition

in a stochastic discrete time setting:




p(�t)
=

1

1 + rt
Et

�
Xt+1 �Wt+1 + (1� �)




p(�t+1)

�
(7)

2.3 Workers and wages

Before setting the wage rule, the values of a job (Vn) and unemployment (Vu) to a worker are

de�ned by di¤erentiating the household�s value function with respect to N and U :

Vn(Nt; Ut) = �tWt + �Et [(1� �)Vn(Nt+1; Ut+1) + �Vu(Nt+1; Ut+1)]

Vu(Nt; Ut) = �tb+ �Et [(1� q(�t))Vu(Nt+1; Ut+1) + q(�t)Vn(Nt+1; Ut+1)]

The current value of a job corresponds to the wage measured in utils and the discounted expected

values of next period�s state, which with probability (1 � �) remains employment. The value of

unemployment is derived from the value of non-market activities, �tb, and the discounted expected

value of next period�s state, which with probability q(�t) is employment.

Splitting the surplus of a worker-�rm match, de�ned as S(t) = Jn(t) +
Vn(t)�Vu(t)

�t
; under Nash

bargaining yields the wage rule (see appendix)

Wt = �!t [(1 + 
(xt))Xt + 
�t�t] + (1� �)!tb (8)

where !t = 1= [1 + �
(xt)]. As with the job creation condition, consider the wage rule (8) as xt

tends to 0;

Wt = � [Xt + 
�t] + (1� �)b (9)

This is simply the usual the wage without credit frictions. We will discuss in the next section the

steady state and dynamic implications for labor markets.
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2.4 Closing the model

From the household�s budget constraint it is straightforward to derive an aggregate resource con-

straint

Yt [1� �G(xt)] = Ct + 
Vt:

where Yt = XtNt, �G(xt) are resources consumed in monitoring and 
Vt are vacancy costs.

The equilibrium of the model is then de�ned by equations (3) and (4) from household optimiza-

tion, a job creation condition (5), optimality condition for the threshold xt in (6), the �nanciers�

participation constraint, a wage rule (8), the aggregate resource constraint and laws of motion for

asset accumulation, aggregate employment and unemployment.

3 Propagation properties of �nancial and labor market frictions

Before discussing some of the steady state labor market implications of credit market frictions in

this setting, the assumptions on functional forms and calibration are presented in detail. The model

is then solved by computing the unique rational expectations solution for a linearization around the

deterministic steady state, and the dynamics e¤ects are evaluated with a series of unconditional

second moments and impulse response functions. The performance of the model is assessed by

simulating a standard labor search model and performing a series a sensitivity analyses to key

parameters and aspects of the calibration.

3.1 Functional forms and calibration

Following much of the real business cycle literature, aggregate technology is assumed stationary

and to evolve according to

logXt = �X logXt�1 + "
X
t ;

with "Xt � (0; �2X) and 0 < �X < 1.

For household preferences, period utility is de�ned as u(C) = logC. The idiosyncratic shock x is

assumed to follow a log-normal distribution with mean E(x) = 1; i.e. log(x) � N(�
�2
log(x)

2 ; �2log(x)).

Finally, following much of the labor literature, the matching technology is a Cobb-DouglasM(U; V ) =

�U �V 1��, with 0 < � < 1.
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The model is calibrated to quarterly data. For the parameters that are common with the RBC

literature the calibration is standard. The discount factor � = 0:992 is set so as to match an average

annual real yield on a risk less 3-month treasury bill of 3.3%. The parameters of the exogenous

process are �X = 0:975 and �X = 0:0072. The quarterly default rate is set to 2.5%, larger than

the value of 1% in Carlstrom and Fuerst (1997) and slightly smaller than the value of 3% used in

Bernanke et al. (1999). The resource cost of monitoring is set to � = 0:075: This value is much

lower than Carlstrom and Fuerst (1997) who use a value of 0.25 and the value of 0.12 in Bernanke

et al. (1999). The value of & is chosen to match a ratio of liquidity to vacancy costs of one third.

Together, these last two elements ensure a steady state premium on external �nance of 134 basis

points. The standard deviation of the idiosyncratic productivity �x is 0.30.

Much recent work has been done in the business cycle literature to incorporate search frictions

labor markets into DSGE frameworks in order to quantify the ability of the model to match key

labor market statistics.11 In deciding on the rate of unemployment to target, several authors

have argued that it should include more than the rate of workers counted as unemployed as the

model does not account for non-participation. Krause and Lubik (2005), for example, choose an

unemployment rate of 12%, above the average rate observed for the United States, while Gertler

and Trigari (2006) set the rate at 7%. The benchmark calibration here will aim for a steady state

unemployment rate of 10%. The cost of job vacancies is set to 
 = 0:125:12 The elasticity in the

labor matching function, �, is set to 0:6, which below the value of 0.72 used in Shimer (2005) but

well within the range of values identi�ed by Petrongolo and Pissarides(2001) in their survey of the

matching function. The bargaining weight of the household in the wage negotiation, �, is set to

0:5. This mid-point is chosen to strike a balance between the extremes advocated in Hagedorn

and Manovskii (2005) and Shimer (2005).13 The quarterly rate of job separation is set to 6%, in

line with the evidence presented in Davis, Faberman and Haltiwanger (2006).

The benchmark calibration results in an average job �nding rate of 0.54 and a replacement

rate b=w of 0.81. It is well known that the properties of labor search models change dramatically

as this ratio tends to unity, and setting a high value as advocated by Hagedorn and Manovskii

(2005) has the unappealing implication that worker gain little utility from accepting a job (see

11See Ramey (2008) for an extensive and detailed review of the model and its most common extensions xxxx.
12See Baron (1997) and Baron (1985) cited Ramey (2008).
13Reasons put forward by each author xxxx.
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Mortensen and Nagypal, 2007).14 While there is no de�nitive value for the replacement rate, the

present calibration tries to stay clear of such issues by straying closer to the value used in Elsby

and Micheals (2007).

3.2 Steady state implications

As in Acemoglu (2001) and Wasmer and Weil (2004), the presence of credit frictions results in

greater equilibrium unemployment. To see this, the two labor market equilibrium conditions (7)

and (9) at a steady state, normalizing aggregate technology to 1, represented in Figure 1 in (W; �)

space, combined pin down as the equilibrium market tightness � as




�
r + �

�
�� + ��

�
= (1� �) [1� b] :

In the presence of credit market imperfections, the labour market equilibrium is determined

by the wage rule (8) and job creation condition (5), represented by the dashed lines in Figure 1.

Combining these two condition the labor market tension is pinned down as15




 
� (r + �)e��
� (1 + 
(x))!

+ �e��! = (1� �) [1� b]
While the e¤ect on the equilibrium wage is ambiguous, equilibrium market tension is unam-

biguously lower in the presence of credit frictions.

3.3 Dynamic results

Several authors have noted the failure of the Mortensen-Pissarides framework to generate su¢ cient

internal propagation of exogenous shocks to match key labor market statistics. Table 1 reports

the Hodrick-Prescott �ltered standard deviation relative to aggregate output of variables central

14Hagerdorn and Manovskii (2005) reconcile the standard search model with key labor market statistics by em-

ploying an elevated value of the replacement rate of 0.96. Rotemberg (2006) chooses a value of 0.9, while Elsby and

Michaels (2007) set the rate at a lower 0.86.
15Note that the calibration here is based on identical parameter values as opposed to aiming for a target value

of the unemployment rate, as is the case for the dynamic evaluation. proceeds by choosing the same parameters,

implying di¤erent steady state v-u ratios. In other words, we instead calibrate on an observed unemployment rate

letting the value of non-market activities, b, adjust accordingly.

11



0 0 .1 0 .2 0 .3 0 .4 0 .5 0 .6 0 .7 0 .8 0 .9 1
0 .8 5

0 .9

0 .9 5

1

1 .0 5

1 .1

L a b or  ma rke t te n s io nθ

W
ag

e

S ta n d a rd  mo d el

Mo de l w ith  c re d it f r ic t ion

Jo b  c re a t i o n

W a g e  ru l e

Figure 1: Equilibrium wages and labor market tension.

to the labor market, along with their contemporaneous correlation with the cyclical component

of aggregate output. The �rst columns set the performance of the standard labor search model

against moments from U.S. data and highlight its shortcomings. The relative volatility of vacancies

generated by the standard model is only 40% of that in the data. The performance in terms

of unemployment or employment is hardly any better: the model generates a relative standard

deviation for unemployment of 1.46 against a relative standard deviation of 6.82 in the data, or

just 20% of the relative volatility observed in the data. The dismal performance of the model

extends to the measure of labor market tension, which has a relative volatility of 15.41 in the data

and 4.61 for the standard model.

12



Table 1: Unconditional 2nd moments

1977:1-2005:4 U.S. data Labor search Labor search

credit friction

Variable: a b a b a b

V 8:82 0.89 3.78 0.93 9.89 0.97

� 15:41 0.89 4.61 0.99 13.35 0.97

U 6:82 -0.84 1.46 -0.74 4.50 -0.79

N 0:48 0.82 0.16 0.74 0.50 0.79

�(y) 1.59 1.05 1.38

corr(�y;�y�1) 0.264 0.11 0.25

corr(�y;�y�2) 0.227 0.04 0.28

corr(�y;�y�3) 0.057 0.01 0.20

a: Standard deviation relative to output; b : contemporaneous correlation w ith output.

A ll m oments, but output grow th , are Hodrick-Prescott �ltered ; Data sources: BLS, BEA .

3.3.1 Vacancies and labor market tension

We begin by examining, in Figure (2), the dynamic response of vacancies and the job �nding rate to

a persistent expansionary innovation a standard model (dashed line) and the proposed model with

credit frictions (solid line). The introduction of credit frictions yields two improvements on the

standard model: �rst, the response is largely ampli�ed, second, the response is persistent, or the

adjustment to the exogenous innovation is "sluggish". As can be observed in both panels of Figure

(2) the response of vacancies in the proposed mode is large, hump shaped. Whereas the initial

response is similar for both models, vacancies peak several quarters after the shock in the model

with credit frictions, and the same observation holds for the job �nding rate. The unconditional

second moments for the proposed model, presented in the last columns of Table 1, show that in fact

the relative volatility of vacancies is now perhaps slightly too large, at 9.89 versus 8.82 in the data.

We will return to this point in an extension to the model. The labor market tension generated, is

also remarkably close to its empirical counterpart with a relative volatility of 13.35, compared to

15.41 in the data.
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Figure 2: IRFs to an expansionary technological innovation.

The source of both the ampli�cation and the sluggish response of vacancies and the job �nding

rate lay in the accumulation of liquidity, relaxing the external �nancing constraint progressively.

Figure (3) plots �rst the response of the multiplier on the credit constraint, then the response of

the wage for both models to a positive technology shock. While the constraints is relaxed on

impact, the slow accumulation of net worth pushes the constraint to its lowest several periods

after the shock. The e¤ect on the job creation condition to post vacancies is strongest therefore

several periods after the shock. On the other hand, the wage does not respond as strongly as in the

standard model on impact, increasing progressively. This has two e¤ects: �rst, the limited initial

response increases the incentive to post vacancies; second, the progressive increase counters some

of the relaxing in the �nancing constraint for job creation.
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Figure 3: IRFs to an expansionary technological innovation.

The large propagation potential of �nancial frictions results is a standard deviation of output
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of 1.38, whereas the volatility of output in the standard model extends barely beyond the impulse

provided by the exogenous process. Through the accumulation of liquidity and its e¤ect on external

�nancing constraints, the model is also characterized by a high degree of persistence in output

growth. As can be seen in Figure 4, the initial response of output is similar in both models

(by construction) the peak in output takes more time to reach and is greater in the model with

�nancial frictions. The last rows of Table 1 report the autocorrelation of output growth observed

in the data and generated by both models. While the standard model can generate some positive

autocorrelation in output growth a one quarter lag, it falls short of the persistence at the second

and third lags seen in the data. The model with credit frictions greatly improves the performance

at the �rst and second lags, but generates too much persistence at the third lag.
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Figure 4: IRFs to an expansionary technological innovation.

3.3.2 Beveridge curve and cross-correlations

The second aspect of labor market properties concerns the contemporaneous cross-correlations of

key variables, the results for which are presented in Table 2. One concern for extensions to the

standard framework is the violation of a robust empirical observation of a strong negative correlation

between unemployment and vacancies, or the Beveridge curve. In this respects the proposed model

is again an improvement on the standard models, with a correlation of -0.68, half way in between

the correlation in the data, -0.89, and the correlation generated by the standard model, -0.45.

The data are also characterized by a very strong negative correlation between the unemployment

rate and the measure of labor market tension with a contemporaneous correlation of -0.97. The

standard model generates a somewhat weak correlation -0.68. The presence of credit friction
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improves along this dimension as well, bringing the correlation closer to the data at -0.84. By

extension, the proposed model also improves on the correlation between the unemployment and

job �nding rates.

Another signi�cant improvement of the proposed model is to reduce the correlation between

unemployment and labor productivity, almost perfectly replicating a correlation of -0.42 in the data.

This correlation is too strong in the standard labor search model, which generates a correlation

of -0.65. Both models fall short, however, of being consistent with the correlations between labor

productivity and vacancies or the measure of labor market tension. These have a mild positive

correlation in the data, around 0.4, whereas both models generate very high positive correlations.
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3.4 Sensitivity analysis

This section examines the sensitivity of the main results along the dimensions of credit and labor

market imperfections. With results presented in Table 3, we look at the e¤ects of calibrating on a

di¤erent external �nance premium and liquidity to vacancy costs ratio �rst, then look at the impact

of variations in the unit cost of vacancies, the elasticity of the matching function with respect to

unemployment and to di¤erent steady state unemployment rates.

Calibrating to a lower premium on external �nance, as the �rst column of Table 3 shows,

markedly reduces the volatility of vacancy postings, and thus the volatility of employment and ag-

gregate output. The inverse is observed when the premium on external �nance is raised. Changing

the liquid assets to vacancy cost ratio has a similar impact, although it operates mainly by changing

the elasticity of liquidity to aggregate shocks, thereby playing on the external �nancing constraint

over time.

The dynamic properties of all labor search models are very sensitive to the value of unit search

costs 
: Increasing its value from 0.125 to 0.25 reduces the standard deviation of output from

1.38 to 1.22, while reducing the value of 
 to 0.1 increases the standard deviation of output to

1.81. With regards to the moments of concern here, changes in the unit cost also signi�cantly

a¤ect relative volatilities of labor market variable. For example, the relative volatility of vacancies

ranges from 7.80 to 13.18 with the choices for 
:

The elasticity of the matching function with respect to unemployment plays a large role in

translating movements in the labor market tension into new jobs. Increasing the elasticity with

respect to vacancies, i.e. reducing the elasticity with respect to unemployment, greatly increases

the response of the model to exogenous innovations. For example, decreasing � from 0.6 to 0.5

increase the standard deviation of output to 1.55 and the relative volatility of unemployment to

5.36. On the other hand, the relative volatilities of vacancies and � decrease.

Finally, raising the target steady state rate of unemployment, while increase the volatility of

aggregate output, has only a minor downward impact on the relative volatilities of vacancies,

unemployment and the v-u ratio. The converse is true for a reduction in the target steady state

rate of unemployment.
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4 Extension to endogenous labor separation

(TO BE COMPLETED)

The previous section assumed that all labor separation occurred at a constant, exogenous rate.

The is a large body of evidence to the e¤ect that a signi�cant portion of separation are cyclical,

and in particular are countercyclical. We brie�y review the important of time varying separation

rates and how theses may relate to �nancial constraints before extending the model to allow for

the endogenous separation of labor.

4.1 Empirical motivation

Separation of labor and physical capital from �rms can occur, of course, for many di¤erent reasons.

One of these reasons are credit constraints that require �rms to sell assets, reorganize or even

declare bankruptcy. While their is convincing evidence that �nancial distress is counter-cyclical, it

is di¢ cult to evaluate its e¤ects on labor and capital separations.16 To glean a better idea we use

the information contained in the Bankruptcy Research Database (BRD) to quantify the importance

and behavior of separations at �nancially distressed �rms.17

There is evidence that more �nancially constrained �rms engage in stronger employment con-

tractions during periods of �nancial distress. Using size for as a proxy for access to credit markets,

as in Gertler and Gilchrist (1994), the slowdown and contraction in employment growth at small

�rms is more pronounced than at larger, presumably less credit constrained, �rms. A more di-

rect measure of �nancial constraint is the �rm�s credit rating which dictates the terms of external

�nancing. As the second panel of Figure 5 shows, the contraction in employment at �rms with

a lower credit rating is much more severe. Following this evidence, the model is extended to

allow for job separations to be in�uenced by the tightness of �nancial constraints. Unfortunately

this information cannot distinguish changes in employment due to a hiring freeze or a rise in job

separations, due to layo¤s or quits, as only information on the number of employees is provided.18

16As evidence to the �rst point, Covas and Den Haan (2006) document that in the U.S., default rates for corporate

bonds peak at the end of recessions. The H.-P. �ltered contemporaneous correlation of default rates with real GDP

is -0.33 for the period 1971-2004.
17This database, compiled by Lynn PoLucki at UCLA, contains information on every large public �rm in the United

States having �led for bankruptcy since October 1979. See Petrosky-Nadeau (2008) for details.
18 Indeed, it may be that current employees, observing pirvate information concerning the productivity of the �rm

before outsiders, begin to search for other jobs on the current job. On the importance of job-to-job transitions see,
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Figure 5: Employment growth during �nancial distress - by size and credit rating.

Nonetheless, the work of Davis, Faberman and Haltiwanger (2006) indicates that an overwhelming

majority of the change in employment at contracting �rms is due to separations. Moreover, these

same authors �nd that layo¤s are the dominant source of separations during contractions greater

than 15% of employment, and play an equal role in minor contraction as quits. This lends support

to the notion that �rms lay o¤ workers to avoid bankruptcy procedures rather than sell physical

capital.

4.2 Extension to endogenous job separation

Assume that each job within a �rm draws an i.i.d., productivity z; with z 2 [0;1( with cdf H(z),

pdf h(z) and E(z) = 1; and that this job productivity is observed by both the worker and the �rm.

Firms and individual workers negotiate a wage conditional on the productivity of the job,W (z), and,

as determined further below, a job drawing productivity z < z is not pro�table and is terminated.

As a result expected net revenues are
R1
z (zX �W (z)) dH(z) eN , where eN =

R1
z NdH(z), and total

job separation is � = �x+
R z
0 dH(z): This extension leaves the expected gross shares of net revenue

unchanged, and the optimal contract for this problem is now:

J(Nt) = max
Vt;xt;zt

[1� �(xt)]
Z 1

zt

(zXt �Wt(z)) dH(z) eNt + �Et�t+1
�t

J(Nt+1)

subject to [�(xt)� �G(x)]
Z 1

zt

(zXt �Wt(z)) dH(z) eNt = (
Vt �At)
Nt+1 = (1� �t)Nt + Vtp(�t)eNt = Z 1

zt

NtdH(z)

for example, Fallick and Fleischmann (2004), Nagypal (2004) or Faberman and Nagypal (2007).
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and the evolution of assets is given by At+1 = & [1� �(xt)]
R1
zt
(zXt �Wt(z)) dH(z) eNt. The

optimality conditions for vacancy postings and the monitoring threshold retain the same form as

earlier. The job destruction threshold will be determined by to optimality condition

(zt) : [1� �(xt) + �t [�(xt)� �G(xt)]] [�ztXt +Wt(zt)]� �Et
�t+1
�t

JN (Nt+1) = 0

Using the same notation as earlier, 
(xt) = �t [�(xt)� �G(xt)] � �(xt),the separation condition

can be expressed as

Wt(zt) = ztXt +

�t

p(�t) [1 + 
(xt)]
; (10)

noting that in the limit limxt!0�(xt; zt) = 0 and limxt!0 �t = 1; this condition collapses to the

familiar

ztXt +



p(�t)
=Wt(zt):

in which the value of marginal worker separated equals his wage cost. XXXX

Closing the extension to endogenous job separation, the intertemporal vacancy condition is now


�t
p(�t)

=
1

1 + rt
Et

"
[1 + 
(xt+1)]

Z 1

zt+1

(zXt+1 �Wt+1(z)) dH(z) + (1� �t+1)

�t+1
p(�t+1)

#
(11)

and the negotiated wage:

Wt(z) = �!t [(1 + 
(xt)) zXt + 
�t�t] + (1� �)!tb (12)

4.3 Quantitative results

(TO BE COMPLETED)

The idiosyncratic shock z is assumed to follow a log-normal distribution with mean E(z) = 1;

i.e. log(z) � N(�
�2
log(z)

2 ; �2log(z)).. The steady state endogenous job separation rate set to 0.03, or

1/2 of total separations, which is in-line with evidence on the rate of layo¤s in Davis, Faberman

and Haltiwanger (2006) mentioned earlier.

The e¤ects of introducing endogenous labor separation are immediately apparent in the im-

pulse response presented in Figure ??. With endogenous separation plotted with the solid line,

and exogenous separation represented by the circled line, countercyclical separation ampli�es the
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response of employment and output, while the responses of vacancies and the job �nding hazard

remain similar.

As a result (see Table 4), the relative volatility of vacancies in the model with endogenous

separation is lower than is the model with exogenous separation and, importantly, is in line with

the value of its empirical counterpart. This is because the countercyclical separation rate, by

increasing employment at the �rm rapidly following an expansionary innovation, decreases the

marginal value of an additional job vacancy, thereby reducing the response of vacancies during

upturn.

Table 4: Unconditional 2nd moments

1977:1-2005:4 U.S. data Labor search - Credit friction

Exogenous � Endogenous �

Variable: a b a b a b

V 8.82 0.89 9.89 0.96

� 15.41 0.89 13.35 0.97

U 6.82 -0.84 4.50 -0.79

N 0.48 0.82 0.50 0.79

� 3.34 -0.86 - -

�(y) 1.59 1.38

a: Standard deviation relative to output; b : contemporaneous correlation w ith output.

A ll m oments, but output grow th , are Hodrick-Prescott �ltered ; Data sources: BLS, BEA .

5 Conclusion

TO BE COMPLETED

This paper introduced a �nancial friction in the funding of current job vacancy costs in an oth-

erwise standard labor search model to investigate the potential for propagating exogenous shocks.

Counter-cyclical constraints on external �nance are found to greatly increase the volatility of va-

cancies and unemployment through a powerful �nancial accelerator. An extension to endogenous

labor separation furthers the propagation properties of credit market imperfections while remain-
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ing consistent with labor market statistics of interest such as the Beveridge curve, or the negative

correlation between unemployment and vacancies.
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