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PRELIMINARY AND INCOMPLETE

Abstract

We study an industry dynamics model where access to credit im-
proves the bargaining position of firms with workers and increases the
incentive to hire. To evaluate the importance of the bargaining chan-
nel for the hiring decisions of firms we estimate the model structurally
with simulated methods of moments using data from Compustat and
Capital IQ.

Introduction

The idea that firms use leverage strategically to improve their bargaining
position with workers is not new in the corporate finance literature. For
example, Perotti and Spier (1993) developed a model where debt reduces the
bargaining surplus for the negotiation of wages, allowing firms to lower the
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cost of labor. Recent studies by Klasa, Maxwell, and Ortiz-Molina (2009) and
Matsa (2010) have tested this mechanism using firm-level data and found that
more unionized firms—that is, firms where workers are likely to have more
bargaining power—are characterized by higher leverage and lower holding of
cash.

These studies provide some evidence that the bargaining channel is rele-
vant for determining the financial structure of firms. However, whether this
channel is also important for the hiring decision of firms has not been fully
explored in the literature. In fact, if the bargaining strength of workers im-
pacts on the financial structure of firms, it is also possible that the financial
structure affects the hiring decision of firms. More specifically, if higher lever-
age allows employers to negotiate more favorable conditions with employees,
the ability to issue more debt increases the incentive to hire more workers.
The goal of this paper is to study the importance of the bargaining channel
for the hiring decisions of firms by estimating a dynamic model with wage
bargaining and endogenous choice of financing. The bargaining channel is
also studied in Monacelli, Quadrini and Trigari (2011) in a general equilib-
rium model with a single-worker representative firm to study the importance
of this channel for aggregate dynamics. In the current paper, instead, we
take a micro approach and explore the empirical relevance of the bargaining
channel using a model with heterogeneous multi-workers firms that we can
map to firm-level data.

In the model, the compensation of workers is determined at the firm level
through bargaining. Firms choose the financial structure and employment
optimally taking into account that these choices affect the cost of labor.
Higher debt allows firms to negotiate lower wages which increases the incen-
tive to hire more workers. Higher debt, however, also increases the likelihood
of financial distress. Therefore, firms face a trade-off in the choice of the
financial structure whose resolution determines the optimal financing and
employment decisions. When the financial condition of the firm improves,
the likelihood of financial distress declines, making the debt more attractive.
This, in turn, improves the bargaining position of the firm with workers,
increasing the incentive to hire. It is trough this mechanism that improved
financial conditions in the firm generate more demand for labor.

We evaluate the importance of this channel by estimating the model
through simulated method of moments. The empirical moments are con-
structed using firm-level data from Compustat and Capital IQ. The first
database provides information on typical balance sheet and operational vari-
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ables including employment. The second database provides firm level data
for unused lines of credit which is important for the identification of some
key parameters. More specifically, since the likelihood of financial distress
increases with leverage, firms tend to borrow less than their credit capacity
to limit the cost of distress. We interpret the difference between the maxi-
mum debt capacity and the actual borrowing in the model as unused credit
lines. The Capital IQ database then provides valuable information for the
identification of the distress cost parameter.

The paper is organized as follows. Sections 1 and 2 present the dynamic
model and characterize some of the key properties. Section 3 describes the
data and the structural estimation and Section ?? reports the estimation
results. Section 4 concludes.

1 A firm dynamics model with bargaining

To facilitate the presentation of the model and the role played by the bargain-
ing channel, we first describe a simplified version without financial distress.
After characterizing the properties of the simpler model, we will extend it
with the addition of financial distress.

Consider a firm with production technology yt = ztNt, where zt is idiosyn-
cratic productivity and Nt is the number of workers. Employment evolves
according to

Nt+1 = (1− λ)Nt + Et, (1)

where λ is the separation rate and Et denotes the newly hired workers.
Hiring is costly. A firm with current employment Nt that wishes to hire

Et workers incurs the cost Υ (Et/Nt)Nt, where the function Υ(.) is strictly
increasing and convex for Et > 0.

The budget constraint of the firm is

Bt +Dt + wtNt + Υ

(
Et
Nt

)
Nt = ztNt + qtBt+1, (2)

where Bt is the stock of bonds issued by the firm at t− 1 (liabilities), Dt is
the equity payout, qt is the price of bonds and wt is the wage paid to each
worker.

The issuance of debt is subject to the enforcement constraint

qtBt+1 ≤ ξtβEtSt+1, (3)
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where St+1 is the net surplus of the firm as defined below. The variable ξt is
stochastic and captures the financial conditions of the firm, that is, its access
to external credit.

1.1 Firm’s policies and wages

The policies of the firm, including wages, are bargained collectively with its
labor force. The labor force can be interpreted broadly, including managers.
In this way the model also captures the agency conflicts between shareholders
and managers as in Jensen (1986).

To derive the bargaining outcome, it will be convenient to define few
terms starting with the equity value of the firm which, recursively, can be
written as

Vt(Bt, Nt) = Dt + βEtVt+1(Bt+1, Nt+1). (4)

The equity value of the firm depends on two endogenous states—debt
Bt and employment Nt—in addition to the exogenous states zt and ξt. To
simplify the notation, the dependence on the exogenous states is not shown
explicitly but it is captured by the time subscript t. We will continue to use
this notational convention throughout the paper.

The value of an individual worker employed in a firm with liabilities Bt

and with Nt employees is

Wt(Bt, Nt) = wt + (1− λ)βEtWt+1(Bt+1, Nt+1) + λβEtUt+1, (5)

where Ut+1 is the value of being unemployed. Given the partial equilibrium
approach, the value of being unemployed is exogenous in the model.

The net value of the worker can be rewritten recursively as

Wt(Bt, Nt)− Ut = wt − Ut + βEtUt+1 + (1− λ)βEt
(
Wt+1(Bt+1, Nt+1)− Ut+1

)
(6)

The bargaining surplus is the sum of the net values for the firm and the
workers,

St(Bt, Nt) = Vt(Bt, Nt) +
(
Wt(Bt, Nt)− Ut

)
Nt (7)

We are now ready to define the bargaining problem. Given η the bar-
gaining power of workers, the bargaining outcome is the solution to the max-
imization problem

max
wt,Dt,Et,Bt+1

[(
Wt(Bt, Nt)− Ut

)
Nt

]η
· Vt(Bt, Nt)

1−η,
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subject to the law of motion for employment (1), the budget constraint (2),
and the enforcement constraint (3).

Differentiating with respect to the wage wt, we obtain the well-known
result that workers receive a fraction η of the bargaining surplus while the
firm receives the remaining fraction, that is,(

Wt(Bt, Nt)− Ut
)
Nt = ηSt(Bt, Nt) (8)

Vt(Bt, Nt) = (1− η)St(Bt, Nt). (9)

Next we derive the first order conditions with respect to Dt, Et, Bt+1.
Using (8) and (9), we find that the dividend, employment and financial poli-
cies simply maximize the net surplus St(Bt, Nt). This property is intuitive:
given that the contractual parties (firm and workers) share the net surplus,
it is in the interest of both parties to make the surplus as big as possible.
Therefore, in characterizing the hiring and financial policies of the firm we
focus on the maximization of the net surplus which, in recursive form, can
be written as

St(Bt, Nt) = max
et,Bt+1

{
Dt + (wt − ut)Nt + β

[
1− η +

η(1− λ)

(
Nt

Nt+1

)]
EtSt+1(Bt+1, Nt+1)

}

subject to:

Dt + wtNt = ztNt −Υ

(
Et
Nt

)
Nt + qtBt+1 −Bt

qtBt+1 ≤ ξtβEtSt+1(Bt+1, Nt+1)

Nt+1 = (1− λ)Nt + Et.

The recursive formulation is obtained by multiplying equation (6) by
Nt, summing to (4), and using the sharing rules (8) and (9). The term
ut = Ut−βEtUt+1 is exogenous given the partial equilibrium approach taken
in this paper.
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We now take advantage of the linearity of the model and normalize by
employment Nt. This allows us to rewrite the optimization problem with all
variables expressed in per-worker terms, that is,

st(bt) = max
et,bt+1

{
dt + wt − ut + γ(et)Etst+1(bt+1)

}
subject to:

dt + wt = zt −Υ(et) + qtgt+1bt+1 − bt

ξtgt+1βEtst+1(bt+1) ≥ qtgt+1bt+1

gt+1 = 1− λ+ et,

where we have defined γ(et) = β
[
(1 − η)gt+1 + η(1 − λ)

]
to simplify the

notation. The variable st(bt) = St(bt)/Nt is the per-worker surplus, dt =
dt/Nt is the per-worker dividend, bt = Bt/Nt is the per-worker liabilities,
et = Et/Nt are the newly hired workers per each existing employee, and
gt+1 = Nt+1/Nt is the gross growth rate of employment.

1.2 First order conditions

To characterize the hiring and financial policy of the firm, we derive the first
order conditions with respect to et and bt+1,

qtbt+1 + β(1− η)Etst+1(bt+1) = Υ′(et),

qtgt+1 + γ(et)Et
∂st+1(bt+1)

∂bt+1

+ µtgt+1

[
ξtβEt

∂st+1(bt+1)

∂bt+1

− qt
]

= 0,

where µt is the lagrange for the enforcement constraint.
The envelope condition provides the derivative of the surplus, which is

equal to ∂st(bt)/∂bt = −1. Therefore, the normalized surplus is linear in bt.
This allows us to write the surplus as

st(bt) = s̄t − bt, (10)
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where s̄t depends only on the exogenous shocks. The first order conditions
can then be rewritten as

qtbt+1 + β(1− η)(Ets̄t+1 − bt+1) = Υ′(et), (11)

qtgt+1 = γ(et) + µtgt+1(βξt + qt). (12)

1.3 Special case with qt = β.

Since we are focusing on a partial equilibrium and we abstract from aggregate
shocks, it makes sense to assume that the price of a risk-free (zero coupon)
bond is equal to the discount factor, that is, qt = β. Then, the first order
condition for debt, equation (12), becomes

gt+1 = (1− η)gt+1 + η(1− λ) + µtgt+1(1 + ξt). (13)

The following proposition establishes an important property about the
financial policy of the firm.

Proposition 1.1 If η > 0, the firm borrows up to the limit whenever et > 0.
If η = 0 and/or et = 0, the debt is undetermined.

Proof 1.1 If η > 0, equation (13) implies that the lagrange multiplier µt
is strictly positive whenever et = gt+1 − 1 + λ > 0. Therefore, under the
condition et > 0 the enforcement constraint is binding. When η = 0 and/or
et = 0, instead, equation (13) implies that µt must be zero.

The intuition for this result is as follows. Whenever the firm chooses to
hire, that is, et > 0, the firm adds new workers who are not yet part of the
current labor force but will share the surplus starting next period. Increasing
the debt today reduces the next period surplus, allowing for a lower (future)
compensation of the new hired workers. This increases the current surplus
of the firm which is shared by shareholders and currently employed workers
only. It is then in the interest of both shareholders and incumbent workers
to take on more debt. When the firm does not add new workers, however,
higher borrowing does not increase the current surplus because more debt
only reduces the future compensation of existing workers. In this case there
are no gains from borrowing. Thus, as long as the firm adds new workers,
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bargaining introduces a motive to borrow, breaking the irrelevance result of
Modigliani and Miller (1958). For this property, however, the bargaining
power of workers must be positive, that is, η > 0. In the limiting case with
η = 0, however, the Modigliani and Miller’s result continues to hold.

We now turn attention to the first order condition for hiring, equation
(10). Under the assumption qt = β, this condition can be rewritten as

β
[
ηbt+1 + (1− η)Ets̄t+1

]
= Υ′(et). (14)

Together with the normalized law of motion for employment, gt+1 = 1−
λ+ et, this equation establishes a relation between the per-worker debt bt+1

and the growth of employment (which also depends on other factors affecting
the surplus of the firm through the term Ets̄t+1). This relation is not linear
and depends on the bargaining power of workers η. In particular, as long
as η > 0, there is a positive relation between the debt, bt+1, and hiring, et.
However, in the limiting case with η = 0, employment becomes unrelated to
debt.

Proposition 1.2 The hiring decision et is strictly increasing in bt+1 if η > 0
but it becomes independent of bt+1 if η = 0.

Proof 1.2 It follows directly from (14) given that the convexity of the cost
function Υ(.) implies that Υ′(et) is strictly increasing in et.

Thus, the financial structure of firms affect the hiring decision as long
as workers have some bargaining power. However, when workers do not
have any bargaining power—which can be interpreted as representative of
a competitive labor market where the determination of wages is external to
an individual firm—debt is irrelevant for the hiring decisions of firms. This
is because the financial structure becomes irrelevant as already stated in
Proposition 1.1. The goal of this paper is to explore the dependence of the
hiring decision from the financial structure under the assumption that wage
are negotiated and workers have some bargaining power.

2 Financial distress cost

The model presented so far abstracts from the possibility of financial distress.
The variable ξt captures the financial condition of a firm, that is, its access to
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credit. A sudden drop in this variable forces the firm to substitute debt with
equity and this can be done without any direct cost. The only cost is indirect,
through the impact on wages. However, the assumption that the firm has full
flexibility in substituting debt with equity is not plausible, especially in the
short-run: if the firm is unexpectedly forced to replace debt with equity, it
may not be easy to make the substitution through regular channels and this
could place the firm in a situation of financial distress. To capture this idea,
we extend the model to allow for the possibility of financial costs associated
with financial distress.

Define b∗t the maximum debt that can be collateralized. This is defined
by the condition b∗t = ξtst(b

∗
t ). Since the surplus function st(.) is strictly

decreasing, the maximum debt b∗t is increasing in ξt.
The firm enters the period with debt bt chosen in the previous period.

Then, after the realization of ξt, the collateral constraint may no longer be
satisfied, that is, bt > b∗t = ξtst(b

∗
t ). In this case the firm will be forced to pay

back the difference bt − b∗t before it can access the equity market or retain
earnings. In order to make the payment, the firm needs to raise the funds
with alternative sources that are costly. In particular, we assume that the
cost incurred to access these alternative sources of funds is κ(bt − b∗t )2. We
call this cost ‘financial distress cost’ since it is paid to raise emergency funds
and could also include, in the extreme, the cost of bankruptcy due to the
lack of liquidity. For the analysis that follows we will denote this cost as

ϕt(bt) = κ ·max
{
bt − b∗t , 0

}2

.

With the possibility of financial distress, the problem of the firm becomes

st(bt) = max
et,bt+1

{
dt + wt − ut + γ(et)Etst+1(bt+1)

}
subject to:

dt + wt = zt −Υ(et) + qtgt+1bt+1 − bt − ϕt(bt)

ξtgt+1βEtst+1(bt+1) ≥ qtgt+1bt+1

gt+1 = 1− λ+ et,

where γ(et) = β
[
(1− η)gt+1 + η(1− λ)

]
.
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It will be convenient to define s̃t(bt) = st(bt) + ϕt(bt) the (normalized)
surplus value plus the financial cost. Notice that s̃t(bt) = st(bt) if bt < b∗t .
Using this term the problem of the firm can be written as

s̃t(bt) = max
et,bt+1

{
dt + wt − ut + γ(et)Etst+1(bt+1)

}
(15)

subject to:

dt + wt = zt −Υ(et) + qtgt+1bt+1 − bt

ξtgt+1βEtst+1(bt+1) ≥ qtgt+1bt+1

gt+1 = 1− λ+ et,

where st+1(bt+1) = s̃t+1(bt+1)− ϕt+1(bt+1).
As we will see, the reason to focus on s̃t(bt), instead of st(bt), is because the

first function has special properties that will facilitate the characterization
of the firm’s problem.

2.1 First order conditions

The first order conditions to problem (15) with respect to et and bt+1 are,
respectively,

qtbt+1 + β(1− η)Etst+1(bt+1) = Υ′(et), (16)

qtgt+1 + γ(et)Et
∂st+1(bt+1)

∂bt+1

+ µtgt+1

[
βξtEt

∂st+1(bt+1)

∂bt+1

− qt
]

= 0(17)

where µt is the lagrange multiplier associated with the enforcement con-
straint. Notice that the first order conditions do not depend on bt. There-
fore, the optimal choice of employment and next period debt is independent
of current liabilities. We will see that this property greatly simplifies the
solution of the model.

The envelope condition returns ∂s̃t(bt)/∂bt = −1, which allows us to write
the surplus function net of the financial cost as a linear function of debt, that
is,

s̃t(bt) = s̄t − bt. (18)
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As in the model without financial distress, the variable s̄t depends only on
the exogenous shocks. Therefore, focusing on the problem of the firm after
the payment of the distress cost, we continue to have a linear problem which
greatly simplifies the analytical characterization.

We can now use the special form of the surplus function to derive expres-
sions for the maximum collateralized debt. Since ϕ(b∗t ) = 0, we have that
s(b∗t ) = s̃(b∗t ). Therefore, b∗t = ξtst(b

∗
t ) = ξt(s̄t − b∗t ), which we can solve for

b∗t =

(
ξt

1 + ξt

)
s̄t. (19)

Using the linearity of the surplus s̃t(bt) (equation (18)) the firm’s problem
(15) can be rewritten as

s̄t = max
et,bt+1

{
zt −Υ(et) + qtgt+1bt+1 − ut + γ(et)Et

[
s̄t+1 − bt+1 − ϕt+1(bt+1)

]}
(20)

subject to:

ξtgt+1βEt
[
s̄t+1 − bt+1 − ϕt+1(bt+1)

]
≥ qtgt+1bt+1

gt+1 = 1− λ+ et.

Therefore, the optimization problem is recursive in s̄t. As observed above,
this term depends only on the exogenous shocks and to solve for the optimal
policies we do not need to keep track of the endogenous state bt. This makes
the computational procedure extremely simple as we will described below.

We also take advantage of the linearity of the surplus function in the
first order conditions. Let’s first notice that, since st+1(bt+1) = s̄t+1 − bt+1 −
ϕt+1(bt+1), we have that

∂st+1(bt+1)

∂bt+1

= −1− ϕ′t+1(bt+1), (21)

which is continuous in bt+1.
This condition shows that the surplus function before the early repayment

of the debt is not linear in the stock of debt. This is because the convexity
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of the distress cost makes the surplus function concave. This feature of the
surplus function introduces a precautionary motive in the choice of debt that
discourages excessive borrowing. In this way the firm may choose not to
borrow up to the limit and the borrowing constraint ξtgt+1βEtst+1(bt+1) ≥
qtgt+1bt+1 could be occasionally binding.

Substituting (21) in the first order conditions (16) and (17) we obtain

qtbt+1 + β(1− η)Et
[
s̄t+1 − bt+1 − ϕt+1(bt+1)

]
= Υ′(et), (22)

qtgt+1 = γ(et)
(

1 + Etϕ′t+1(bt+1)
)

+ µtgt+1

[
βξt

(
1 + Etϕ′t+1(bt+1)

)
+ qt

]
.

(23)

Some of the properties stated in Propositions 1.1 and 1.2 also apply to
the model with financial distress. In particular, if workers do not have any
bargaining power (η = 0) and q = β, we can see from equation (23) that the
enforcement constraint is never binding (µt = 0) and the expected distress
cost is zero (Etϕt+1(bt+1) = 0). Since debt does not provide any value to
the firm when η = 0, the firm prefers not to borrow to avoid the financial
distress cost. At the same time, since the firm does not borrow and the
expected financial cost is zero, the hiring decision, characterized by equation
(22), is not affected by the financial status of the firm ξt.

2.2 Computation of the optimal policies

The solution of the model consists of the policy functions for hiring, et, and
for borrowing, bt+1. As shown above, these policies do not depend on the
endogenous state bt but only on the exogenous shocks. The firm’s problem
(20) is a recursive formulation in the unknown variable s̄t. This variable is
independent of the initial state bt and depends only on the exogenous shocks
zt and ξt. If the shocks take a discrete number of values, s̄t also takes a finite
number of values. Therefore, problem (20) is a Bellman’s equation where
the unknown function s̄t is a vector with a finite number of elements. The
solution can be found by iterating on the Bellman equation until we find a
fixed point for s̄t.

Denote by nz and nξ the discrete number of values taken, respectively, by
the productivity and financial shocks. Each iteration starts with a guess for
s̄t+1, which is a vector with nz×nξ elements (the combination of all possible
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values of the two shocks). For each combination of the two shocks in the
current period, we derive the optimal policies (given the guess for s̄t+1) by
solving the first order conditions (22) and (23) together with the enforcement

constraint ξtgt+1βEt
[
s̄t+1−bt+1−ϕt+1(bt+1)

]
≥ qtgt+1bt+1. Since the enforce-

ment constraint could be satisfied with equality (in which case µt > 0) or
inequality (in which case µt = 0), in solving the first order conditions we have
to verify the Kuhn-Tucker conditions for interior or binding solutions. The
policy rules for employment and borrowing allow us to determine s̄t (given
the guess for s̄t+1) for each combinations of the shocks. The newly found s̄t
are then used as new guesses for s̄t+1 in the successive iteration.

We would like to point out that, as long as the exogenous shocks take a
finite number of values, the numerical procedure does not use any approxima-
tion (besides the assumption that the shocks take a finite number of values)
and the solution is exact.

3 Structural estimation

In this section we conduct the structural estimation of the model. We start
with the description of the empirical data. We then discuss the estimation
procedure and the identification strategy.

3.1 Data

With the exception of unused lines of credit, all variables used in the estima-
tion are from Compustat annual files excerpt. Data on unused lines of credit
is not available in Compustat and some studies collect information about
credit lines from firms’ SEC 10-K files (see, for example, Sufi (2009) and
Yun (2009)). For this study, we use data from Capital IQ database which
contains a large sample of unused lines of credit from 2002 to 2010. The
variable unused lines of credit also refers to total undrawn credit. See Filippo
and Perez (2012) for a detailed description.

Following the literature, we exclude financial firms and utilities with SIC
codes in the intervals 4900-4949 and 6000-6999, and exclude firms with SIC
codes greater than 9000. We also exclude firms with a missing value of assets,
sales, number of employment, debt, and unused lines of credit. All variables
are winsorized at 2.5% and 97.5% percentiles to limit the impact of outliers
and the nominal variables are deflated by the Consumer Price Index. The
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final sample for the estimation is a balanced panel of 1,508 firms over 9 years
from 2002 to 2010. Appendix A provides the definitions of all variables used
in the estimation.

3.2 Simulated method of moments

The model is solved numerically as described in Section 2.2 and most of
the parameters are estimated through the simulated method of moments
(SMM). The basic idea of SMM is to choose the model parameters such that
the moments generated by the model are close to the corresponding moments
in the data.

The empirical data is for a panel of heterogenous firms while the simulated
data consists of time series generated by simulating one representative firm
for a number of periods. To keep consistency between the empirical data
and the simulated data, we estimate the parameters of an average firm in
the data. More specifically, given the panel structure, we first calculate the
empirical moments for each firm included in the selected sample. We then
compute the average of each moment across firms and use it as the target for
the model. We use the bootstrap method to calculate the variance-covariance
matrix associated with the target moments.

The estimation procedure can be described as follows.

1. For each firm i, we choose moments hi(xit), where xit is a vector of
variables included in the empirical data, where i and t are the subscripts
for the firm and the year.

2. For each firm i, we calculate the within-firm sample mean of moments as
fi(xi) = 1

T

∑T
t=1 hi(xit), where T is the number of years in the empirical

sample.

3. We compute the average of the within-firm sample mean across firms
as f(x) = 1

N

∑N
i=1 fi(xi), where N is the number of firms in the data.

4. We then use the model to generate a panel of simulated data for N
firms and for S periods. We set S = 100 · T to make sure that the
representative firm ends up in all possible states at least once during
the simulation.
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5. We calculate the average sample mean of moments in the model as
f(y, θ) = 1

N ·S
∑N

i=1

∑S
s=1 h(yis, θ), where yis is the simulated data from

the model, and θ represents the parameters to be estimated.

6. The estimator θ̂ is the solution to

min
θ

[
f(x)− f(y, θ)

]′
· Ω ·

[
f(x)− f(y, θ)

]
.

The weighting matrix Ω is defined as Σ̂−1, where Σ̂ is the variance-
covariance matrix associated with the average of sample mean f(x)
in the data. We use the bootstrap method to calculate the variance-
covariance matrix Σ̂. First, given the population of N firms in the
empirical sample, we draw J random samples with size N

2
. Second, for

each draw j, we compute the statistics of the drawn sample, denoted
as f(x)j. Third, we approximate the variance-covariance matrix by the
variance of f(x)j, i.e.,

Σ̂ ≈ 1

J

J∑
j=1

[
f(x)j − 1

J

J∑
j=1

f(x)j

]′
·

[
f(x)j − 1

J

J∑
j=1

f(x)j

]
.

We set J=10,000 to have enough accuracy in bootstrapping.

3.3 Parameters and moments

In describing the model we have assumed that separation is deterministic.
In reality, however, labor retention and hiring are likely to be uncertain. To
capture this idea, we also consider a shock to job separation. Employment
continues to evolve according to Nt+1 = (1− λt)Nt + Et but λt is stochastic
and follows a first order Markov process. The structure of the problem takes
the same form as in (20). Now, however, there are three shocks that affect
the firm: productivity, zt, credit, ξt, and separation, λt. The first order
conditions are also similar. Each of the three shocks can take 9 possible
values and follow independent first order Markov chains.

The only functional form that has not been specified is the hiring cost
Υ(e). We assume that this function takes the quadratic form Υ(et) = φet +
ζe2t , which implies two parameters, φ and ζ.

All model parameters are estimated with the exception of four parame-
ters: the intertemporal discount factor, β, the average productivity z̄, the
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hiring parameter ζ, and the average enforcement variable ξ̄. The discount
factor β is set to 0.95, which implies an interest rate close to 5 percent. The
average productivity z̄ is normalized to 1. The hiring parameter ζ is chosen
so that the average growth rate of firms is zero (given the other parameters).
The value of ξ̄ is chosen so that the available credit (used and unused) is 50
percent the total surplus of the firm.

After the calibration of these four parameters, we are left with 11 pa-
rameters: the persistence and volatility of the productivity shock, ρz and σz,
the persistence and volatility of credit shock, ρξ and σξ, the persistence and
volatility of separation shock, ρλ and σλ, the financial distress cost, κ, the
workers’ bargaining power, η, the hiring cost, φ, the average separation, λ̄,
the unemployment flow, ū.

To estimate these parameters we consider 15 moments: the mean of the
ratio of unused credit over total credit; the standard deviations and autocor-
relations of the ratio of unused credit over total credit, employment growth,
sales growth and total credit growth; the cross correlations of the ratio of
unused credit over total credit, employment growth, sales growth and total
credit growth.

3.4 Results

The values of the estimated parameters are reported in the bottom section
of Table 1. The estimation assigns a sizable bargaining power to workers
with η = 0.692. This is important for the bargaining channel to be relevant.
Another parameter that is important for the bargaining channel is the average
separation λ̄, which is estimated to be 0.309. A high separation rate implies
high turnover rates and, therefore, high rates of hiring. High rates of hiring
increase the importance of the bargaining channel because, as we have seen
in the theoretical section, higher debt allows for lower compensation of newly
hired workers. We also observe that credit and productivity shocks are quite
persistent while the separation shocks are not persistent.

The values of the moments (observed and simulated) are reported in the
top section of Table 1. The model does a reasonable job in replicating the
15 moments used in the estimation. One moment for which there is a sizable
difference between the value in the data and the value generated by the model
is the autocorrelation in employment growth. In the data the autocorrelation
is close to zero. The model, however, generates a positive autocorrelation of
0.345. This is a natural consequence of the particular structure of the model
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where the level of debt affects the growth of employment. As a result, a
persistent increase in the debt level induces, through the bargaining channel,
a persistent increase in the growth rate of employment. In the data, however,
employment growth is not persistent while the debt level displays some per-
sistence. This implies that the bargaining channel alone cannot replicate the
absence of serial correlation in employment growth together with the persis-
tence in debt level. The addition of separation shocks (stochastic λt) reduces
the autocorrelation in employment growth because it affects the growth of
employment without affecting the debt level.

In the estimation, the number of moments is larger than the number of
parameters. Thus, there is not a one-to-one mapping between parameters and
moments. To provide a general idea about the identification of the various
parameters, we conduct comparative static exercises in which we increase
the value of one parameter, in sequence, and check how the change affects
the moments used in the estimation. The results, reported in Table 2, are
generated by increase each of the 11 estimated parameters by 10 percent.

The key question we would like to address in this paper is whether the bar-
gaining channel is quantitatively important in explaining employment fluctu-
ations at the firm level. To address this question we simulate the model using
the estimated parameters but with only one shock. For example, when we
simulate the model with credit shocks only, we set the sequence of draws for
zt and λt to their unconditional means, z̄ and λ̄ respectively. Similarly, when
we simulate the model with productivity shocks only, we set the sequence of
draws for ξt and λt to their unconditional means ξ̄ and λ̄. It is important to
point out that, even if in the simulation we set the realizations of the shocks
to the unconditional means, this is not anticipated by firms. They continue
to assume that the two shocks follows the process dictated by the estimated
parameters. Table 3 reports the simulation results.

With only credit shocks, the model generates a standard deviation of
employment growth of 0.05 which is about 37 percent the empirical stan-
dard deviation of 0.134. When we simulate the model with only productivity
shocks, the standard deviation of employment growth is also about 0.05. Fi-
nally, with only separation shocks the model generates a standard deviation
of employment growth of 0.08. Since the sum of the three standard devi-
ations does not sum to 0.108, that is, the standard deviation of the model
simulated with all three shocks, it means that the transmission mechanism
of each shock is not independent of the values of the other shocks. For ex-
ample, when productivity is low, the impact of a positive credit shock on
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employment is weaker since firms do not find convenient to hire many work-
ers. In general, however, we can conclude that, based on the estimation,
credit shocks contribute significantly to employment fluctuations.

Another feature worth emphasizing is that, with only credit (or produc-
tivity) shocks, the model generates a much higher autocorrelation of em-
ployment. With only separation shocks, instead, the model generates an
autocorrelation of employment that is closer to zero. Thus, the addition of
separation shocks brings the model closer to the data.

4 Conclusion

There is a well-established literature in corporate finance exploring the use
of debt as a strategic mechanism to improve the bargaining position of firms
with workers. Less attention has been devoted to studying whether this
mechanism is also important for the employment decision of firms. In this
paper we have investigated the theoretical and empirical relevance of this
mechanism.

Using a firm dynamics model, we have shown that there is a positive
relation between the level of debt and the growth of employment, and the
strength of this relation increases with the bargaining power of workers. The
estimation results show that the bargaining channel is important for the
employment fluctuation of firms. This mechanism could also be important
for the long-term dynamics of the firm in the sense that greater uncertainty
about the firm’s access to credit could have sizable negative effects on its
long-term growth.
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A Variables: definition and sources

We provide here the definition and sources for the variables used in the
estimation:

• ∆employit: Percentage change in the number of employees from t-1 to
t. From Compustat, emp.

• ∆creditit: Percentage change in total credit capacity (total debt +
unused lines of credit) from t-1 to t. The variable “total debt” is from
Compustat, dlc+dltt, and the variable “unused lines of credit” is from
Capital IQ, total undrawn credit.

• ∆saleit: Percentage change in sales from t-1 to t. From Compustat,
sale.

• unusedit
creditit

: Ratio of unused lines of credit to total credit capacity (total
debt + unused lines of credit) at time t. The variable “total debt” is
from Compustat, dlc + dltt; and the variable “unused lines of credit”
is from Capital IQ, total undrawn credit.

• creditit
assetit

: Ratio of total credit capacity (total debt + unused lines of
credit) to assets at time t. The variable “total debt” is from Compustat,
dlc + dltt; the variable “assets” is also from Compustat, at; and the
variable “unused lines of credit” is from Capital IQ, total undrawn
credit.
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Table 1: Moments and Parameters

Target Moments Observed Simulated

Mean(unusedtcreditt
) 0.411 0.419

Std(unusedtcreditt
) 0.172 0.150

Std(∆employt) 0.134 0.108
Std(∆salest) 0.181 0.170
Std(∆creditt) 0.500 0.483

Autocor(unusedt−1

creditt−1
) 0.317 0.376

Autocor(∆employt−1) -0.029 0.345
Autocor(∆salest−1) 0.007 0.035
Autocor(∆creditt−1) -0.185 -0.130

Cor(unusedtcreditt
,∆employt) -0.067 0.109

Cor(unusedtcreditt
,∆salesit) -0.046 -0.013

Cor(unusedtcreditt
,∆creditit) -0.001 0.271

Cor(∆employt,∆salesit) 0.497 0.404
Cor(∆employt,∆creditit) 0.296 0.346
Cor(∆salest,∆creditit) 0.197 0.148

Estimated Parameters

Persistence productivity shock, ρz 0.717
Volatility productivity shock, σz 0.173
Persistence credit shock, ρξ 0.830
Volatility credit shock, σξ 0.175
Persistence separation shock, ρλ 0.112
Volatility separation shock, σλ 0.099
Financial distress cost, κ 10.323
Workers’ bargaining power, η 0.692
Hiring cost, φ 0.360
Average separation, λ̄ 0.309
Unemployment flow, ū 0.452
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ū

M
ea
n

(
u
n
u
s
e
d
t

c
r
e
d
it

t
)

0.
41

9
0
.4

3
9

0
.4

3
1

0
.5

6
1

0
.4

7
5

0
.4

1
9

0
.4

2
1

0
.4

3
2

0
.4

2
7

0
.4

2
6

0
.4

0
2

0
.4

2
5

S
td

(
u
n
u
s
e
d
t

c
r
e
d
it

t
)

0.
15

0
0
.1

4
9

0
.1

4
9

0
.3

5
2

0
.1

8
4

0
.1

5
0

0
.1

5
0

0
.1

5
1

0
.1

4
7

0
.1

5
0

0
.1

4
5

0
.1

4
8

S
td

(∆
em

p
lo
y t

)
0.

10
8

0
.1

1
9

0
.1

1
0

0
.1

3
5

0
.1

1
1

0
.1

0
9

0
.1

1
4

0
.1

0
8

0
.1

2
0

0
.1

1
3

0
.1

2
0

0
.1

1
5

S
td

(∆
sa
le
s t

)
0.

17
0

0
.1

7
2

0
.1

8
2

0
.1

8
7

0
.1

7
1

0
.1

7
0

0
.1

7
4

0
.1

7
0

0
.1

7
3

0
.1

7
0

0
.1

7
0

0
.1

6
9

S
td

(∆
cr
ed
it
t
)

0.
48

3
0
.5

0
2

0
.4

8
9

2
.3

3
2

0
.6

5
9

0
.4

8
4

0
.4

8
6

0
.4

8
4

0
.4

6
9

0
.4

8
0

0
.4

7
9

0
.4

8
6

A
u
to
co
r(
u
n
u
s
e
d
t
−

1

c
r
e
d
it

t
−

1
)

0.
37

6
0
.3

9
7

0
.3

8
6

0
.3

1
0

0
.3

2
0

0
.3

7
6

0
.3

7
8

0
.3

7
8

0
.3

5
2

0
.3

7
2

0
.3

7
3

0
.3

7
3

A
u
to
co
r(

∆
em

p
lo
y t
−
1
)

0.
34

5
0
.4

1
9

0
.3

5
3

0
.5

3
8

0
.3

6
4

0
.3

4
8

0
.3

1
6

0
.3

4
1

0
.4

1
4

0
.3

6
9

0
.4

0
6

0
.3

7
8

A
u
to
co
r(

∆
sa
le
s t
−
1
)

0.
03

5
0
.1

2
7

0
.0

1
6

0
.1

9
8

0
.0

5
4

0
.0

3
8

0
.0

3
7

0
.0

3
3

0
.1

1
0

0
.0

6
5

0
.1

1
4

0
.0

7
9

A
u
to
co
r(

∆
cr
ed
it
t−

1
)

-0
.1

3
0

-0
.1

1
6

-0
.1

2
7

0
.0

0
1

-0
.1

3
2

-0
.1

2
9

-0
.1

2
8

-0
.1

2
9

-0
.1

2
4

-0
.1

2
7

-0
.1

2
2

-0
.1

2
5

C
or

(
u
n
u
s
e
d
t

c
r
e
d
it

t
,∆
em

p
lo
y t

)
0.

10
9

0
.0

3
1

0
.0

9
7

-0
.2

6
7

0
.0

1
9

0
.1

0
8

0
.1

1
8

0
.1

0
3

-0
.0

0
3

0
.0

6
9

0
.0

8
1

0
.0

5
9

C
or

(
u
n
u
s
e
d
t

c
r
e
d
it

t
,∆
sa
le
s i
t
)

-0
.0

1
3

-0
.0

7
3

-0
.0

3
1

-0
.1

5
2

-0
.0

3
1

-0
.0

1
2

-0
.0

1
2

-0
.0

1
3

-0
.0

9
1

-0
.0

4
0

-0
.0

4
2

-0
.0

5
6

C
or

(
u
n
u
s
e
d
t

c
r
e
d
it

t
,∆
cr
ed
it
it

)
0.

27
1

0
.2

3
1

0
.2

6
1

-0
.2

2
1

0
.2

4
6

0
.2

7
0

0
.2

7
3

0
.2

7
0

0
.2

1
9

0
.2

5
4

0
.2

4
9

0
.2

4
3

C
or

(∆
em

p
lo
y t
,∆
sa
le
s i
t
)

0.
40

4
0
.4

9
6

0
.4

1
6

0
.5

2
0

0
.4

0
9

0
.4

0
6

0
.3

7
9

0
.4

0
1

0
.4

6
6

0
.4

3
7

0
.4

9
3

0
.4

6
2

C
or

(∆
em

p
lo
y t
,∆
cr
ed
it
it

)
0.

34
6

0
.3

7
2

0
.3

5
3

0
.2

2
4

0
.2

4
3

0
.3

4
7

0
.3

5
5

0
.3

4
2

0
.3

8
3

0
.3

5
9

0
.3

8
8

0
.3

6
7

C
or

(∆
sa
le
s t
,∆
cr
ed
it
it

)
0.

14
8

0
.2

1
0

0
.1

8
1

0
.1

3
9

0
.0

7
9

0
.1

4
8

0
.1

4
3

0
.1

4
9

0
.1

3
4

0
.1

4
8

0
.1

5
8

0
.1

6
6

T
h

e
fi

rs
t

co
lu

m
n

re
p

or
ts

th
e

m
o
m

en
ts

g
en

er
a
te

d
b
y

th
e

si
m

u
la

ti
o
n

o
f

th
e

m
o
d

el
u

n
d

er
th

e
es

ti
m

a
te

d
p

a
ra

m
et

er
s

(b
en

ch
m

a
rk

p
ar

am
et

ri
za

ti
on

as
sh

ow
n

in
T

ab
le

1
).

T
h

e
re

m
a
in

in
g

co
lu

m
n

s
re

p
o
rt

th
e

si
m

u
la

te
d

m
o
m

en
ts

a
ft

er
in

cr
ea

si
n

g
th

e
va

lu
e

o
f

th
e

sp
ec

ifi
c

p
ar

am
et

er
b
y

10
%

.

22



Table 3: The contribution of the three shocks

Observed Benchmark Credit Productivity Separation
Model Shock Shock Shock

Mean(unusedtcreditt
) 0.411 0.419 0.425 0.511 0.511

Std(unusedtcreditt
) 0.172 0.150 0.150 0.023 0.017

Std(∆employt) 0.134 0.108 0.050 0.051 0.080
Std(∆salest) 0.181 0.170 0.050 0.137 0.080
Std(∆creditt) 0.500 0.483 0.445 0.121 0.092

Autocor(unusedt−1

creditt−1
) 0.317 0.376 0.383 0.624 0.082

Autocor(∆employt−1) -0.029 0.345 0.736 0.626 0.083
Autocor(∆salest−1) 0.007 0.035 0.736 -0.075 0.083
Autocor(∆creditt−1) -0.185 -0.130 -0.148 -0.039 -0.052

Cor(unusedtcreditt
,∆employt) -0.067 0.109 0.289 -0.999 0.997

Cor(unusedtcreditt
,∆salesit) -0.046 -0.013 0.266 -0.690 0.083

Cor(unusedtcreditt
,∆creditit) -0.001 0.271 0.314 -0.734 0.987

Cor(∆employt,∆salesit) 0.497 0.404 0.736 0.694 0.083
Cor(∆employt,∆creditit) 0.296 0.346 0.220 0.736 0.990
Cor(∆salest,∆creditit) 0.197 0.148 -0.262 0.994 -0.054

The last three rows report the moments generated by simulating the model under the
estimated parameters (benchmark parametrization as shown in Table 1) but with only
one of the three shocks. The simulation with only shock is obtained by setting the
realizations of the other two shocks to their unconditional means. The decision rules,
however, are computed under the assumption that firms expect all three shocks.


