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Abstract

Shocks that cause household deleveraging and credit shocks to firms interact and greatly amplify

each other, even when these same shocks separately have moderate effects on output and employ-

ment. This result is obtained in a model in which heterogeneous households face financial frictions and

unemployment risk and in which heterogeneous firms borrow funds using nominally fixed long-term

debt and face costly bankruptcy. This novel amplification mechanism is based on a dynamic feedback

between the precautionary behavior of households and firms. Furthermore, our results support the

view that firm financial frictions are important to understand the effect of household deleveraging on

unemployment, consistent with recent empirical studies examining the 2007-2009 Great Recession.
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1 Introduction

Many empirical papers have shown that both the deleveraging caused by financial shocks to households

and shocks to the availability of credit to firms had an impact on the decline in output and employment

during the 2007-2009 Great Recession.1 However, despite extensive theoretical literature relating to

financial factors and aggregate fluctuations, little is known about how financial shocks to households

and firms interact with each other when they occur simultaneously. Do they have largely independent

effects on aggregate fluctuations? Or are there important interactions and feedback effects between these

shocks? And if so, do they dampen or amplify each other? This paper addresses these questions by

developing a general equilibrium model with heterogeneous households and firms that face uncertainty

and are subject to financial frictions, and shows that when financial shocks to households and firms

occur simultaneously, they can interact to generate large drops in output and employment, even when

these same shocks separately have moderate effects.

The mechanism behind this amplification result is a dynamic feedback between the precautionary

behavior of households and firms. A deleveraging shock reduces households’demand for goods and

lowers expected inflation and collateral values, thus increasing the real value of firms’long-term debt,

causing bankruptcies, and reducing firm creation and employment. In turn, lower employment and

lower interest rates reduce household income and make it more diffi cult for the household sector to

save and accumulate financial assets to their desired level following the deleveraging shock. As a result,

the adjustment process becomes slower and the decline in household demand and prices lasts longer.

Therefore, many firms, expecting low nominal profits for a longer period, display a precautionary

behavior and choose to liquidate voluntarily to avoid the risk of suffering a costly forced bankruptcy.

The same problem also reduces the expected value of new firms and further dampens firm creation and

employment growth, in turn, depressing even more household aggregate demand. This vicious circle

makes the real effects of financial shocks significantly larger and more persistent.

In the model, we assume that firms produce a consumption good using capital and the labor

input of one worker, and finance capital expenditures using long-term debt fixed in nominal terms and

collateralized by capital. They face idiosyncratic shocks to production costs that generate fluctuations

1Chodorow-Reich (2014) shows that exogenous shocks to the availability of credit to firms negatively affected em-
ployment during the financial crisis. Mian and Sufi (2014) provide empirical evidence that housing price declines in the
US forced households to deleverage and to reduce their consumption, and that this demand shock was a key factor in
increasing unemployment during the 2007-2009 recession. Giroud and Mueller (2015) show that the vast majority of the
employment losses caused by the impact of demand shocks occurred in firms with weak balance sheets.
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in profits, and suffer costly bankruptcy when the sum of their liquid asset holdings and the collateral

value of their capital is insuffi cient to guarantee their liabilities. This bankruptcy is ineffi cient since

operating firms have a positive net present value. New firm creation requires initial search and matching

costs and fixed capital costs. The demand side of the economy consists of heterogeneous risk-averse

consumers that face idiosyncratic unemployment risk, which is endogenous in our model. We assume

that households are unable to borrow, so they can only insure partially against this risk by accumulating

financial assets.

We solve for the steady state of the model using a benchmark calibration designed to match several

moments of the US economy, and analyze the transition dynamics of key aggregate variables following

unexpected aggregate financial shocks. Even though the model is relatively stylized and we focus more

on its qualitative than its quantitative results, we study the effects of shocks of a magnitude comparable

to the financial shocks to households and firms during the 2007-2009 financial crisis.

In the first exercise, we simulate the transition dynamics following an unexpected temporary in-

crease in firms’financial constraints, captured by an increase in the interest rate spread on borrowing

comparable to the one experienced by firms in the U.S. during the 2007-2009 recession, and which

lasts for 8 quarters. This shock increases bankruptcies and reduces job creation. The increase in un-

employment, however, is relatively small, from a steady state value of 5.9% to a peak of 7.4% after 8

quarters. Households’desire to smooth consumption sustains demand and increases the price level, and

thus it also increases nominal revenues and the collateral value of capital and reduces the real value of

long-term debt. The average output gap over the 30 quarters following the impact of the shock is 1.3%.

In the second exercise, we simulate the transition dynamics following a sequence of unexpected

wealth shocks to households that last 8 quarters and progressively reduce their net worth. The shock is

calibrated using data from the 2009 Survey of Consumer Finances (SCF), and causes a drop in aggregate

demand quantitatively comparable to the one observed in the US during the 2007-2009 recession. This

shock reduces output and employment moderately in the short term, and causes an important increase

in the medium term. As a result, the average output gap over the 30 quarters following the impact of

the shock is only 0.3%. Two opposite forces are at play. On the one hand, this shock reduces aggregate

demand, nominal profits, and the collateral value of capital, making it more diffi cult for firms to repay

their long-term debt and causing an increase in defaults and unemployment. On the other hand, this

effect is compensated for by a positive effect on firm creation, both because of a lower opportunity
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cost of capital, and because there is an anticipated upward trend in the price level following the initial

decrease, which means that new firms expect that it will be easier to repay their long-term debt.

In the third exercise, we simulate the transition dynamics following simultaneous shocks to house-

holds and firms. In this simulation, unemployment reaches a peak of 10.8%, so that the presence of both

shocks generates an increase in unemployment of 4.9% at its peak, compared to the increase of only

1.5% and 1.9% obtained with only the credit shock to firms and households, respectively. Moreover,

in this exercise, unemployment and the output gap are also very persistent. The average output gap

over the 30 quarters following the impact of the combined shocks is 3.5%, compared to output gaps

of only 1.3% and 0.3% that result with only the credit shock to firms and households, respectively.

As argued above, the mechanism behind this amplification result is a dynamic feedback between the

precautionary behavior of households and firms. A deleveraging shock worsens the expectation of firms

regarding their ability to generate suffi cient nominal revenues to repay their nominally fixed long-term

debt. Many firms react by choosing to liquidate to avoid suffering bankruptcy costs in the future, but

lower employment further reduces the ability of the household sector to deleverage, and causes further

declines in consumption and nominal revenues. We clarify the importance of these feedback effects by

repeating our simulation exercise after removing two features of our model: the possibility of voluntary

exit for firms to avoid future expected bankruptcy costs, and the demand feedback arising from labor

income effects for households due to higher unemployment. We show that both features are crucial to

generating large interaction effects.

All of our simulations so far assume real wage rigidity. We relax this assumption first by considering

countercyclical real wages, caused by nominal wage rigidity, and then by considering procyclical real

wages. On the one hand, nominal wage rigidity reduces nominal profits and job creation, following the

deflationary financial shocks. However, by increasing the real value of wages, it contributes to sustaining

aggregate consumption and prevents a large fall in the price level, reducing both bankruptcies and

voluntary liquidations of firms. On the other hand, procyclical real wages improve nominal profits and

job creation, but amplify the fall in the price level and firm destruction. Under both alternative wage

rules, these counteracting effects tend to compensate for each other in equilibrium, and the main results

of the paper are not significantly affected.

Taken together, the results in this paper highlight the importance of the interaction between the

precautionary behaviors of households and firms for the amplification of the real effects of financial
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shocks, and the importance of nominal debt rigidity in generating such interactions. These theoret-

ical results are also useful to understand the dynamics of the recent Great Recession. In particular,

they strongly support the view that firm financial frictions are important to understand the effect of

household deleveraging on unemployment, consistent with the recent empirical evidence of Giroud and

Mueller (2015) and the quantitative work in Midrigan and Philippon (2015).

Related Literature.

Our work is motivated by the empirical studies that analyze the role of financial frictions in explain-

ing the surge in unemployment during the recent Great Recession. A strand of this work has documented

that firm-level employment growth was significantly lower in credit constrained firms (Campello, Gra-

ham and Harvey (2010), Chodorow-Reich (2014), and Khan and Thomas (2013)), suggesting that firm

financing frictions played an important role in unemployment dynamics during this period. Another

strand has focused on the household sector and shown that geographical areas in the US in which

household deleveraging was stronger had larger employment drops, more severe economic downturns

and slower recoveries (Mian, Rao, and Sufi (2013), Mian and Sufi (2014)). Bridging both pieces of

evidence, Giroud and Mueller (2015) show that the impact of demand shocks on employment occurred

almost exclusively through highly leveraged firms. Our paper provides a quantitative theoretical mech-

anism consistent with all of the evidence above, and in particular with Giroud and Mueller’s (2015).

This paper is related to several strands of theoretical literature. A large body of work has explored

the role of firm financing frictions for aggregate dynamics, starting with Bernanke Gertler and Gilchrist

(1999) and Kiyotaki and Moore (1997), mostly focusing on how credit constraints affect the accumula-

tion and allocation of capital, and more recent work has focused on the consequences of firm financing

frictions for unemployment (Wesmair and Weil (2004), Monacelli, Quadrini and Trigari (2011), Jer-

mann and Quadrini (2012), Khan and Thomas (2013), Chugh (2013), and Petrosky-Nadeau (2014)).

Jermann and Quadrini (2012), similar to us, focus on the effect of financial shocks on firm employment

in an environment with borrowing constrained firms, but ignore household sector financial frictions,

which is a central ingredient in our mechanism.

Our paper is also related to the literature that, starting with Bewley (1977), studies the macro-

economic implications of incomplete markets for households that face idiosyncratic income risk. In

particular, several papers develop models showing how demand shocks caused by households’delever-

aging, or by precautionary saving in response to unemployment risk, reduce output in the presence of
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nominal rigidities in prices or wages (Eggertsson and Krugman (2012), Ravn and Sterk (2013), Challe,

Matheron, Ragot, Rubio-Ramirez (2014), and Bayer, Lütticke, Pham-Daoz and Tjadenz (2014)). The

demand structure of our paper is similar to these studies. However, we differ in the modelling of the firm

sector, and in our emphasis on firm financial frictions as the main channel that interacts with demand

shocks to cause large recessions. The paper is also related to Guerrieri and Lorenzoni (2012), who also

consider a shock that causes households’deleveraging in a model with heterogeneous entrepreneurial

households who face uninsurable idiosyncratic shocks and borrowing constraints.

There has been little work that studies economies in which both households and firms are subject

to financial frictions (some exceptions are Gerali, Neri, Sessa, and Signoretti (2010) or Christiano,

Eichenbaum and Trabandt (2014)), and to the best of our knowledge, this is the first paper to focus

on how they interact with each other.

Finally, in emphasizing the importance of nominally fixed debt, our paper is related to Gomes,

Jermann, and Schmid (2014), who develop a business cycle model in which unanticipated shocks to

inflation change the real burden of corporate debt and distort corporate investment and production

decisions, and to Eggertsson and Krugman (2012), who consider nominal household debt rigidities as

the main friction behind the role of aggregate demand disturbances.

The remainder of the paper is organized as follows. Section 2 introduces the model, and Section

3 describes the calibration and the steady state equilibrium of the economy. The main quantitative

results are in Sections 4 and 5, and in Section 6 we analyze the role of nominal wage rigidity. Section

7 concludes.

2 The Model

We introduce an infinite horizon, discrete-time closed economy populated by a measureN of households,

who provide their labor to firms. Firms are owned by mutual funds, and shares in these funds, which are

in aggregate fixed supplyM , act as the numeraire and means of payment in the economy, give the right

to receive dividend payments from the mutual funds, and are the only store of value. Firms produce

a perishable consumption good with a production function that features idiosyncratic productivity

shocks. In Sections 2 and 3, we solve for the equilibrium in the steady state, and in Sections 4 to 6, we

analyze the transitional dynamics following a one-time unexpected aggregate shock.
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2.1 Firms

The firm creation condition is described in detail in Section 2.2. In this section, instead, we describe

operating firms’production opportunities, financing options, and their exit decision. In the following

sections, we use the words "firm" or "manager" interchangeably.

2.1.1 Production Opportunities

Each firm i produces consumption goods using as factors of production the labor provided by one

worker and a fixed amount of capital k. Production is subject to idiosyncratic productivity shocks

that are i.i.d. across firms and over time. More specifically, firm i produces each period an amount

of consumption goods equal to z, which is constant across time and firms, plus a risky idiosyncratic

amount εi,t, that satisfies E (εi,t) = 0. For simplicity, we assume that εi,t takes value θ with probability

50% and −θ with probability 50%, and that 0 < θ ≤ z. The firm sells each consumption good at

price Pt in terms of the numeraire (mutual fund shares). The per-period operating profits of a firm are

defined as

πi,t(εi,t) ≡ Pt (z + εi,t)− wt, (1)

where wt is the wage paid to the worker. This wage is determined according to an expected revenue

sharing rule given by

wt = ϕPtz, (2)

where ϕ satisfies 0 < ϕ < 1. Implicit in equations (1) and (2) is the assumption that the idiosyncratic

shock is not contractible, so the wage wt cannot be made contingent on εt, and that the wage is fixed in

real terms. In Section 6, we relax the real wage rigidity assumption and analyze both the cases of full

wage flexibility, where the wage is determined according to a surplus sharing rule, and of full nominal

rigidity. For ease of notation, from now on, we drop the reference to each individual firm i.

2.1.2 Sources of Finance, and Financing Constraints

The sources of finance and the financing frictions of firms are modelled to be able to replicate some key

realistic features. First, firms use long-term debt that is determined in nominal terms, so reductions

in the price level increase its real value. Nominal debt rigidity is crucial to understand firm dynamics

during recessions, when lower than anticipated inflation increases the real value of debt burdens. This

feature cannot be evaluated adequately with the standard assumption of one-period debt. Second,
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financing frictions limit both the equity and debt financing of firms. Third, the collateral value of

capital matters for firms’ borrowing capacity. Finally, firms with very low financial wealth might

suffer ineffi cient liquidation. This happens because they are forced to default on their debt obligations

following a drop in the collateral value of capital or a negative temporary productivity shock that leads

to financial losses. In order to introduce all these features in the model, while at the same time keeping

it tractable, we make a series of ad hoc assumptions about the nature of financial imperfections affecting

firms.

The creation of a new firm requires an initial investment, in units of the consumption good, equal

to ξt, which summarizes the adjustment costs of capital and vacancy posting costs. Many new potential

managers have the ability to run the firm but have no personal financial wealth. A manager accepts

to run a new firm in exchange for an arbitrarily small share in the firm’s equity. In order to operate,

the firms needs to install a fixed amount of capital equal to k units of the consumption good. Capital

k does not depreciate and can be transformed back into consumption goods and sold when the firm is

liquidated, possibly at a cost in some types of liquidation, as will be described below. We assume that

the purchase of capital, because of its nature as a durable asset, can be financed with collateralized

long-term debt Dt, which is fixed in nominal terms, and is repaid only when the firm ceases to exist.

It gives the creditor the right to receive an interest of rt every period. Therefore, a firm created in a

generic period t has a nominal value of debt long term debt equal to:

Dt = Ptk (3)

Given that debt of an operating firm is constant through time, we drop the time subscript and

denote its amount by D. Managers are risk neutral and run firms with the objective of maximizing

their net present value. We assume that, because of an incentive problem, the manager’s share of

ownership cannot be reduced below the initial level, and therefore dividends cannot be negative:

dt ≥ 0, (4)

and the initial liquid asset holdings of the firm are equal to zero. Equity gives the right to receive

dividends dt every period plus the residual liquidation value of the firm when it ceases to operate.

Long-term debt features a covenant that requires the financial assets of the firm, given by liquid asset

holdings aFt plus the collateral value Ptk of capital, to be larger than the nominal value of long-term
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debt D:

aFt + Ptk ≥ D. (5)

Condition (5) can be interpreted as the requirement that total long-term debt D plus short-term

debt (−aFt ) be less than the collateral value of capital. This covenant is checked with probability αt

every period, and if it is not satisfied, the firm is forced to liquidate by the debtholders. We interpret

constraint (5) as a shortcut for a moral hazard problem between debtholders and equityholders.2 If

the constraint is satisfied, the debt is rolled over. The advantage of this stochastic debt maturity

assumption is that we are able to introduce in the model long-term debt with an expected duration

of 1
αt
periods in a very tractable way, since we do not have to keep track of the distribution of debt

maturity across firms. Furthermore, our assumptions about long-term debt enable us to capture the

firm’s idiosyncratic state with only one variable, its net financial assets, nFt , which we define as

nFt = aFt −D, (6)

and is equal to the difference between financial assets and long-term debt. From equations (3), (5) and

(6) it follows that the minimum level of net financial wealth which allows the firm to avoid bankruptcy

if the covenant (5) is checked, denoted by nF,bankrt , is equal to −Ptk.

The possibility of debt default in bankruptcy might generate the need for lenders to incur costly

monitoring and for the borrowers to compensate lenders with a spread over the risk free interest rate.

We model these additional financing costs by introducing a spread κt, and assume that this spread is

only paid when the firm is a net debtor (nFt < 0).

2.1.3 Firm Exit

If a firm exits, it fires its worker, liquidates its capital and pays a final dividend dexitt to the shareholders.

Firm exit occurs for three possible reasons, which take place sequentially in the following order. Firms

first have the option to liquidate voluntarily at the beginning of the period, a decision which is captured

by the indicator function Ivol,t. If the firm chooses to exit (Ivol,t = 1) it is able to distribute all of its

assets net of liabilities as an exit dividend, and dexitt = nFt + Ptk.

2For example, as in Jensen and Meckling (1976), debtholders try to prevent risk-shifting by shareholders when leverage
is high. One could then interpret condition (5) as a covenant arising from such an agency problem, and whose violation
triggers the obligation to repay the debt immediately.

8



If the firm decides not to exit voluntarily, it is then exposed to the possibility of a debt covenant

examination by its debtholders, which occurs with probability αt. The incidence of bankruptcy is

captured by the indicator function Ibankr,t, which is equal to one if the covenant is examined and the

collateral requirement (5) does not hold, so that the firm is forced to repay its debt immediately and

liquidate, and equal to zero otherwise. In case of bankruptcy, the firm is only able to distribute a

fraction χ < 1 of the value of capital Ptk to the Mutual Fund, where 0 ≤ χ ≤ 1, so the total exit

dividend is dexitt = nFt + χPtk. The bankruptcy cost (1− χ)Ptk is a deadweight loss.

Finally, when a firm has not been forced to liquidate or has done so voluntarily, it is still subject

to an exogenous probability η of exit, which can be interpreted as a shock that makes the firm’s

technology obsolete. In this case, the firm is able to distribute all of its assets as an exit dividend, so

dexitt = nFt + Ptk.

The probability at the beginning of period t that a firm exits for any of the three motives is denoted

by σt(nFt ) and is determined as

σt(n
F
t ) = Ivol,t + (1− Ivol,t)ϕt(nFt ), (7)

where ϕt(n
F
t ) is the probability that the firm exits conditional on having decided not to exit voluntarily,

and is given by

ϕt(n
F
t ) = αtIbankr,t + (1− αtIbankr,t)η. (8)

If a firm finds it optimal to exit, then Ivol,t = 1 and σt = 1. If it does not find it optimal to liquidate,

but will be forced to repay its debt if it is subject to a collateral constraint check (Ibankr,t = 1), then

σt = ϕt = αt + η (1− αt). In any other event, it is only subject to the exogenous exit probability and

σt = ϕt = η.

2.1.4 Firm Optimization

The timing of events within a period is as follows. A firm starts period t with a net financial position

of nFt , and first undergoes the possibility of deciding or being forced to exit. If the firm continues

in operation, it next has the option to pay dividends dt. The idiosyncratic productivity shock εt is

generated at the end of the period along with profits πt(εt). Also at the end of the period, the return

on positive net financial assets is received (or paid in the case of negative net financial assets). Positive

net assets nFt generate a return composed of the interest received rta
F
t on asset holdings minus the
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interest paid on debt rtD. The dynamics of a firm’s holdings of net financial assets when these are

positive are thus given by:

nFt+1(εt) = nFt (1 + rt) + πt(εt)− dt if nFt ≥ 0. (9)

Negative net assets nFt pay the interest rate rt, plus the spread κt:

nFt+1(εt) = nFt (1 + rt + κt) + πt(εt)− dt if nFt < 0. (10)

In order to keep the model tractable, we treat κt as an exogenous parameter measuring the intensity

of financing frictions, rather than determining it endogenously. Furthermore, we assume for the analysis

in the current section and in Section 3 that κt = 0. We, therefore, drop reference to it in our equations

until we consider a positive spread in Section 4. 3

The value function of a firm with net asset holdings nFt in period t, which we denote by Jt(n
F
t ), is

derived conditional on not exiting for voluntary reasons in period t, but before suffering the possibility

of a collateral constraint examination, and is given by

Jt(n
F
t ) = max

dt
ϕt(n

F
t )dexitt (nFt ) +

(
1− ϕt(nFt )

)
dt +

(
1− ϕt(nFt )

)
1 + rt+1

Eεt
[
J t+1(n

F
t+1)

]
, (11)

where J t+1(nFt+1) is the value function at the beginning of period t + 1 before the voluntary exit

decision Ivol,t+1 is made. The firm maximizes (11) subject to financial constraints (4) and (5), and

budget constraint (9). Firm valuation is done using the common discount rate rt.4 Because of the

possibility of ineffi cient liquidation, shareholder value maximization requires that the manager of the

firm retains all earnings while the firm is active and has low asset holdings, a situation in which there is

a non-negligible probability of facing a forced or voluntary exit. For high values of asset holdings, the

likelihood of facing a non-exogenous exit becomes very small and the firm will be close to indifferent

between keeping its asset holdings and distributing them as dividends, but will nonetheless prefer to

retain them until it exits. As a result, for firms in operation dt = 0.

The voluntary exit decision is taken by the firm in order to maximize the beginning of period value

3This simplification allows us to avoid introducing the stock of long term debt as an additional state variable. Assuming
that κt = 0 is equivalent to assuming that if the firm goes bankrupt and is not able to repay the debt in full, then the
mutual fund that is a shareholder in the firm makes up for the difference. This could be implemented through a credit
default swap issued by the conglomerate to the short-term and long-term debtholders.

4Even though the households are heterogeneous and have different marginal rates of substitution, they own the firms
through the conglomerates, which diversify away the firm risk. The relevant discount rate for firm valuation is thus the
risk free rate rt, due to the absence of aggregate risk.
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J t(n
F
t ) :

Jt(n
F
t ) = max

Ivol,t∈{0,1}

[
Ivol,td

exit
t (nFt ) + (1− Ivol,t)Jt(nFt )

]
(12)

Shareholder value maximization requires that the firm chooses to liquidate voluntarily (Ivol,t = 1)

when

Jt(n
F
t ) < dexitt (nFt ), (13)

which might happen when net financial wealth nFt is so low that the likelihood of costly bankruptcy

due to a violation of collateral constraint covenant (5) in the short term is high. We denote the level

of net financial wealth below which the firm decides to exit voluntarily by nF,volt .

2.2 Firm creation

There is a large number of managers available to run firms, a number in excess of the number of

unemployed consumers Nu,t, and a continuum of mass 1 of identical mutual funds. Since a new firm

has liquid assets aFt = 0 and long term debt D = Ptk, from (6) it follows that nFt = −Ptk and its

nominal value is equal to Jt(nFt = −Ptk). The cost of creating Mt firms in period t, in terms of units

of the consumption good, is ξt = ξ(Nu,t,Mt). The function ξ(Nu,t,Mt) captures all of the costs of

firm creation, and includes the costs of searching for employees and managers and matching them

together, and the convex adjustment costs of capital formation. We derive the specific functional form

of ξ(Nu,t,Mt) in Section 3. Free entry requires that the number of new firms Mt satisfies:

Jt(n
F = −Ptk) =

∂ξ(Nu,t,Mt)

∂Mt
(14)

The equilibrium in the firm creation market is ensured by the fact that ∂ξ2(Nu,t,Mt)

∂M2
t

> 0. The resulting

firm dynamics are:

Ne,t = Ne,t−1 −
∫ ∞
−∞

σt(n
F
t )ft(n

F
t )dnFt +Mt (15)

Where Ne,t is the number of employed workers and also the number of firms, while the integral captures

the exits of firms at the beginning of this period.

2.3 Mutual Funds

Mutual funds finance firm creation in exchange for share ownership in the firms. In addition, they

provide long-term debt finance to firms, in exchange for interest payments and the redemption of the

debt when the firm exits. Finally, they provide short-term (one period) debt financing to firms. They
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pay a dividend DIVt to the holders of mutual fund shares every period given by

DIVt = payoutt + repaymentt + interestt −
[
ξ(Nu,t,Mt)− φPtKS

t

]
, (16)

where

payoutt ≡ Ne,t

[∫ nF,volt

−∞
nFt ft(n

F
t )dnFt + (αt + η (1− αt))

∫ nF,forcedt

nF,volt

nFt ft(n
F
t )dnFt + η

∫ ∞
nF,forcedt

nFt (nFt )dnFt

]
,

repaymentt ≡ Ne,t

 ∫ nF,volt
−∞

∫∞
0 Dgt(n

F
t , D)dDdnFt + (αt + η (1− αt))

∫ nF,forcedt

nF,volt

∫∞
0 Dgt(n

F
t , D)dDdnFt

+η
∫∞
nF,forcedt

∫∞
0 Dgt(n

F
t , D)dDdnFt

 ,
interestt ≡ Ne,t

[∫ ∞
0

∫ ∞
−∞

rtDgt(n
F
t , D)dDdnFt +

∫ 0

−∞
rt(−aFt )ht(a

F
t )daFt

]
,

and where ft(nFt ) and ht(aFt ) are the probability distribution functions of firm net assets nFt and gross

assets aFt , respectively, at time t, and gt(n
F
t , D) is the joint probability distribution function of firm net

assets and firm long-term debt at time t.We define KS
t as the stock of capital liquidated by the exiting

firms, and assume that while its resale price is still identical to the price of the consumption good, the

mutual funds can only sell a fraction φ of it each quarter. Therefore, KS
t evolves according to the law

of motion:

KS
t+1 = (1− φ)KS

t +Ne,tk

[∫ ∞
−∞

σt(n
F
t )ft(n

F
t )dnFt − (1− χ)αt

∫ nF,bankrt

nF,volt

ft(n
F
t )dnFt

]
. (17)

where the term (1− χ)αt
∫ nF,bankrt

nF,volt

ft(n
F
t )dnFt quantifies the deadweight loss from bankruptcies.

In equation (16), the terms payoutt and repaymentt are the total exit dividends and the repayment

of long term debt, respectively, received by the mutual fund from the firms that exit in period t. The

term interestt represents interest received on all outstanding long-term and short-term debt, in period

t, by continuing firms. The last two terms represent the cost of financing the creation of new firms net

of the sale of capital that could not be liquidated in the past.5 Finally, we define as DTOT
t the total

long term debt issued by the mutual fund:

DTOT
t = DTOT

t−1 − repaymentt + PtkMt

5Formula (16) takes into account two features of optimal firm choices in equilibrium. First, it does not include dividends
issued by active firms, since it takes into account that it is optimal for firms not to distribute any dividends until they exit,
as explained above. Second, it assumes that nF,forcedt ≥ nF,volt , even though it could be the case that nF,forcedt < nF,volt .
In the equilibrium, under our calibration, it is always the case that nF,forcedt ≥ nF,volt .
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where PtkMt is the nominal debt issued to finance the capital of new firms.

The mutual fund dividend DIVt perfectly diversifies away firm idiosyncratic risk. Due to the lack

of aggregate uncertainty, absence of arbitrage requires that the risk free interest rate rt be equal to the

dividend yield of shares, given by

rt =
DIVt
M

. (18)

2.4 Households

Households are risk averse, face uninsurable unemployment risk, and can save by accumulating shares

in mutual funds.6 They receive a return rt from their stock at of financial assets, and, when employed,

an income wt from providing their labor.

An employed household chooses asset holdings at+1 and consumption ct in order to solve the fol-

lowing maximization problem:

Wt(at, n
F
t ) = max

ct,at+1

{
u(ct, at+1) + βEεt

[
σt+1(n

F
t+1)Ut+1(at+1) +

(
1− σt+1(nFt+1)

)
Wt+1(at+1, n

F
t+1

)
]}
(19)

where β is the discount rate, at are the asset holdings of the worker at the start of the period and

Wt(at, n
F
t ) is the value associated with being a worker with asset holdings at who is employed in a

firm with net asset holdings nFt . Workers may lose their job with probability σt+1(n
F
t+1) the following

period and become unemployed, which is associated with a value Ut+1(at+1). Workers only terminate a

match with a firm when the firm exits, because it is never optimal for them to leave a firm voluntarily.

A worker that loses his job this period does not enter the pool of unemployed until next period. The

budget constraint of the worker is:

Ptct + at+1 = at(1 + rt) + wt. (20)

Workers face financing constraints that mean that they are unable to borrow and might be required to

hold positive amounts of financial assets. In order to match the households’net worth as a percentage

of total net worth, our model would require a strictly positive minimum saving limit at ≥ a > 0. In

Section 4, we consider transition dynamics after an unexpected wealth shock to the household sector.

Such a shock could potentially violate this borrowing limit and would generate the need to possibly

6The assumption that households can only save by holding shares in the mutual fund allows us to keep the model simple
and tractable, but a model with other means of saving (such as money or bonds) would deliver similar implications.
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deal with household default. In order to avoid this complication, we follow Judd (1998) and assume

that:

u(ct, at+1) = u (ct)− I(at+1), (21)

where u(ct) is a concave utility function, and the borrowing limit is substituted with a disutility function

I(at) given by:

I(at+1) =
τ

a2t+1
. (22)

The function I(at+1) can be interpreted as capturing disutility costs associated with financial fric-

tions that make it very costly for households to face financial emergencies such as unexpected medical

expenses.7 A higher value of τ has the same effect on household wealth accumulation as increasing the

minimum wealth requirement a above 0, but it has the advantage of being compatible with unexpected

shocks that reduce at.

The solution to the problem faced by an employed worker are policy rules aw,t+1(at, nFt ) and

cw,t(at, n
F
t ).

A consumer who is unemployed during period t solves the following problem:

Ut(at) = max
ct,at+1

{u(ct, at+1) + β[(1− λw,t+1)Ut+1(at+1) + λw,t+1Wt+1(at+1,−Pt+1k)]} (23)

subject to:

Ptct + at+1 = at(1 + rt), (24)

and the same utility function as an employed worker. The probability that a worker finds a job and

exits unemployment the following period is λw,t+1, and should he find a job, the firm with which he is

matched will have just entered the market with an asset level aFt+1 = 0, long-term debt D = −Pt+1k,

and net financial assets nFt+1 = −Pt+1k. Therefore, the value associated with being a worker of a newly

created firm next period is Wt+1(at+1,−Pt+1k). The solution to the problem faced by an unemployed

worker are decision rules au,t+1(at) and cu,t(at).

7 In other words, this is a shortcut for a model where, with some probability, the household has to pay an expense xt
of a stochastic magnitude, and τ measures the additional cost of financing this expense if the household has insuffi cient
internal funds.
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2.5 Market Clearing Conditions

The goods market equilibrium condition is

∫ ∞
a

∫ ∞
nF,volt

cw,t(at, n
F
t )fe,t(at, n

F
t )datdn

F
t +

∫ ∞
a

cu,t(at)fu,t(at)dat+C
M
t = Pt

[
zNe,t − ξ(Nu,t,Mt) + φKS

t

]
(25)

where fe,t(at, nFt ) is the function that describes the joint distribution at the beginning of period t of

asset holdings of the workers and net asset holdings of the firms for which they work, and fu,t(at) is the

distribution function of unemployed workers’asset holdings. The terms in the left-hand-side capture

workers’aggregate consumption (employed and unemployed, respectively). Total output is given by

output per firm z multiplied by the number of active firms Ne,t, minus expenditures to create new

firms ξt(Mt, Nu,t) plus the output that results from the conversion back into consumption goods of the

capital of exiting firms.

The equilibrium condition for the mutual fund’s shares is

M =

∫ ∞
a

∫ ∞
nF,volt

at(at, n
F
t )fe,t(at, n

F
t )datdn

F
t +

∫ ∞
a

at(at)fu,t(at)dat +

∫ ∞
0

aFt (nFt )ht(a
F
t )daFt , (26)

where the left hand side of expression (26) refers to the constant aggregate supply of mutual fund

shares, and the right hand side captures the aggregate demand for shares by employed households,

unemployed households, and firms, respectively. Finally, the numbers of employed and unemployed

workers add up to the total population:

N = Ne,t +Nu,t.

2.6 Definition of the Competitive Equilibrium

We express the laws of motion for the distributions ft(nFt ), ht(aFt ), gt(nFt , D), fe,t(at, nFt ) and fu,t(at),

respectively, as:

ft+1(n
F
t+1) = Γt

(
ft(n

F
t )
)
,

ht+1(a
F
t+1) = Θt

(
ht(a

F
t )
)
,

gt+1(n
F
t+1, D) = Ξt

(
gt(n

F
t , D)

)
fe,t+1(at+1, n

F
t+1) = Ψt

(
fe,t(at, n

F
t )
)
,

fu,t+1(at+1) = Φt (fu,t(at)) .
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We can now define the competitive equilibrium.

Definition 1 An equilibrium is a sequence of interest rates {rt} and prices {Pt}, a sequence of number

of firms {Ne,t} and unemployed {Nu,t}, a sequence of household consumption policies for employed

and unemployed households {cw,t(at, nFt ), cu,t(at)}, a sequence of firm exit policies {σt(nFt )}, and a

sequence of distributions {ft(nFt ), ht(a
F
t

), gt(n
F
t
, D), fe,t(at , n

F
t

) and fu,t(at)} such that, given the

initial distributions f0(n
F
0

), h0(a
F
0

), g0(n
F
0
, D), fe,0(a0 , n

F
0

) and fu,0(a0) and initial unemployed Nu,o,

(i) cw,t(at, nFt ), cu,t(at) and σt(nFt ) are optimal given {rt}, {Pt}, {Ne,t} and {Nu,t},

(ii) Firm creation {Mt} is optimal given {rt}, {Pt}, and {Nu,t},

(iii) the transition functions {Γt}, {Θt}, {Ξt}, {Ψt}, and {Φt} are consistent with {cw,t(at, nFt )},

{cu,t(at)}, σt(nFt ), {rt}, {Pt}, {Ne,t} and {Nu,t},

(iv) the sequence of number of firms {Ne,t} are consistent with {σt(nFt )}, {Nu,t}, and {ft(nFt ),

ht(a
F
t

), gt(n
F
t
, D), fe,t(at , n

F
t

) and fu,t(at)},

(v) {Pt} satisfies the goods market clearing condition (25), and

(vi) {rt} clears the market for mutual fund shares (26) by Walras’law.

3 Calibration and Steady State Analysis

3.1 Calibration

We solve the model numerically and calibrate the economy at the quarterly frequency. We set some

parameter values directly based on existing microeconomic and macroeconomic evidence, and calibrate

the remaining parameters so that key aggregate variables from the simulated steady state of the model

are broadly in line with empirical evidence. Table 1 contains a summary of all the empirical moments

used to calibrate parameters, and the chosen values for the parameters are shown in Table 2.

We assume the utility function of households is isoelastic of the form

u(c) =
c1−γ

1− γ , (27)

with a risk aversion parameter γ = 0.8. The chosen value is consistent with Chetty (2006), who

considers a wide range of empirical estimates based on labor supply elasticities and derives average

implied values of γ between 0.71 and 0.97. The discount factor β of households is 0.992, which is set to
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generate an annualized risk free interest rate of around 1%.8 We set τ in the steady state to equal 0.004

to match the ratio of total net worth of the household sector over the combined net worth of household

and nonfinancial corporate sectors, calculated using Federal Reserve data from the 2014 release of the

Financial Accounts of the United States.

The cost of creating firms ξ(Nu,t,Mt) is modeled as follows:

ξ(Nu,t,Mt) = M(Nu,t, Nv,t) + Ω(It,K
I
t )

The number of matches Mt is modeled using an aggregate matching function for the labor market

as in den Haan, Ramey, and Watson (2000). It is assumed to be constant returns to scale of the form

M(Nu,t, Nv,t) =
Nu,tNv,t(

NL
u,t +NL

v,t

) 1
L

, (28)

which ensures that the number of matches never exceeds min (Nu,t, Nv,t). Nv,t is the number of vacan-

cies. The two parameters that affect the labor market, which are the vacancy costs v and the matching

effi ciency L, are set so that the worker job finding rate and the vacancy-unemployment ratio are con-

sistent with their empirical counterparts. The workers’job finding rate, λw is estimated by den Haan,

Ramey, and Watson (2000) to be 0.45, and Shimer (2012) more recently estimates it to be between

0.33 and 0.54. Hall and Milgrom (2008) and Pissarides (2009) report average vacancy-unemployment

ratios (Nv/Nu) of 0.5 and 0.72 respectively.

Ω(It,K
I
t ) is an adjustment cost function for capital. We assume the following functional form:

Ω(It,K
I
t ) = c

(
It

KI
t

)2
,

where aggregate investment It and total capital installed in the existing firms KI
t are equal to:

It = M(Nu,t, Nv,t)k, and

KI
t = (N −Nu,t)k,

The value of c is set to match Cooper and Haltiwanger’s (2006) estimate of aggregate adjustment

costs over the stock of capital of 0.91%. The resaleability parameter φ in equation 17 is set to 0.5,

meaning that every period the mutual fund can sell 50% of its stock of capital received from exiting

8This value is below the one implied by the households’ rate of time preference due to the presence of borrowing
constraints and a precautionary saving motive that encourage the household sector to increase savings in equilibrium.
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Table 1: Calibration - Simulated and Empirical Moments

Panel A: Main Calibration Targets

Model Data
Workers’job finding rate 0.39 0.33-0.54(1)

Vacancy-unemployment ratio 0.85 0.50-0.72(2)

Operating income/Sales: mean (median) 0.04 (0.22) 0.02 (0.08)(3)

Probability of negative profits 6.2% 30.2%(3)

Aggregate adjustment costs over total stock of capital 0.48% 0.91%(4)

Annual rate of firm bankruptcies 0.17% 0.48%(5)

Average maturity of firm debt 2.2 1.4(6)

Costs of bankruptcy as a share of total firm assets 21% 20-36%(7)

Annual job destruction 9.6% 8-11%(8)

Households’net worth as a percentage of total net worth 86% 80%(9)

Panel B: Firm Liquidity Holdings

Net Liquid Assets / Capital
Model Data(3)

90th percentile 1.07 1.76
50th percentile -0.44 -0.56
20th percentile -0.82 -1.50
10th percentile -0.91 -1.70
5th percentile -0.96 -2.18
1st percentile -1.00 -3.38

(1) Den Haan, Ramey, and Watson (2000) and Shimer (2012)
(2) Pissarides (2009) and Milgrom and Hall (2008)
(3) Own calculations using Compustat and Capital IQ for U.S. listed firms
(4) Cooper and Haltiwanger (2006)
(5) Own calculations based on data from the U.S. Federal Courts and the U.S. Census Bureau
(6) Bassett, Chosak, Driscoll, and Zakrajšek (2014)
(7) Altman (1984), Bris, Welch and Zhu (2006), and Alderson and Betker (1995)
(8) Den Haan, Ramey and Watson (2000) and Bilbiie, Ghironi and Melitz (2012)
(9) Data from the Financial Accounts of the United States, Federal Reserve, released December 2014
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Table 2: Calibration - Parameter Choices

Parameter Symbol Value
Discount factor β 0.992
Risk aversion γ 0.8
Household borrowing constraint parameter τ 0.004
Vacancy cost v 0.0125
Effi ciency of matching L 0.8
Productivity of firms z 0.12
Size of firm productivity shock θ 0.015
Labor share of expected revenues ϕ 0.9
Firm capital stock k 0.6
Adjustment costs of investment parameter c 275, 000
Probability of collateral constraint check α 11.5%
Bankruptcy costs as a fraction of capital (1− χ) 0.3
Probability of exogenous exit η 2.25%
Capital resaleability constraint φ 0.5

firms.

The parameters that describe the firms’technology are z, θ, ϕ and k. We set z, θ, and k jointly to

match a number of key empirical moments. The measure of firm profitability that matches our measure

of firm profits πt best is operating income before interest, tax, depreciation and amortization. The mean

(median) of this value relative to total sales for the Compustat sample of publicly listed US firms is 0.02

(0.08), and the probability of negative values of this measure is 30% in the data. On both fronts, we

generate conservative values in our simulations, with higher average and median profitability and lower

probability of negative profits relative to the data. To capture balance sheet liquidity, we calculate

the ratio of net liquid assets to capital in the same sample of firms. We consider net liquid assets to

include cash and short-term investments minus short and long-term debt, and capital to be property,

plant and equipment. In Panel B of Table 1 we display the distribution of this value in the data and

in our model. Our model produces a similar distribution of firm balance sheet liquidity as in the data.

We target an annual rate of firm bankruptcies to be in line with the average bankruptcy rate in the

years before the recent financial crisis, which we calculate to be 0.48% in 2005-2007 using data on total

annual bankruptcy filings of businesses from the U.S. Federal Courts and on total number of businesses

from the U.S. Census Bureau. Finally, we set ϕ = 0.90. Even though this parameter determines the

labor share of expected revenues, we interpret wages broadly in our model to also incorporate other
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costs incurred by the firm (costs of inputs or services paid to other firms, for example), which justifies

the wedge between the income share of labor in the data (Corrado, Hulten and Sichel (2009) estimate

a value in the U.S. over the period 1993-2005 of 60%) and our value.9

The intensity of financing frictions suffered by firms is driven by α and χ. We calibrate the likelihood

α of an examination of collateral constraint (5) to roughly match the average maturity of debt. Our

modelling of firms’debt contract can be interpreted as a shortcut to a lending relationship formed

by banks and their borrowers: firms’debt matures with probability alpha, at which time the lender

evaluates the collateral constraint and decides whether to roll over the debt. This type of contract is

more typical of bank loans, which have a shorter maturity and are more likely to be rolled over than

non-bank debt. The average maturity of debt in our model, under this interpretation, is 2.2 years,

which is in roughly in line with the observed average maturity of bank debt, calculated by Bassett,

Chosak, Driscoll, and Zakrajšek (2014) using data for the U.S. from the Survey of Terms of Business

Lending (STBL) to be 1.4 years.10 The costs of bankruptcy are captured in the model by the fraction

(1− χ) of the value of capital Pk lost in liquidation. Empirical estimates for these costs as a share of

total assets are in the range of 20% (Altman (1984), Bris, Welch and Zhu (2006)), to 36% (Alderson

and Betker (1995)). We set (1 − χ) = 0.3, which delivers a cost of bankruptcy relative to the total

value of the firm net of cash holdings in line with empirical estimates.

Finally, we set the size of the exogenous firm exit shock η = 0.025 to match the U.S. empirical level

of 8− 11 percent job destruction per year, following Den Haan, Ramey and Watson (2000) and Bilbiie,

Ghironi and Melitz (2012).

3.2 Steady State

We simulate the steady state of an economy with 60, 000 workers and a number of mutual fund shares

M equal to 45, 000.

We now briefly describe the policy functions of firms and workers. Firms’choice variables are their

dividend payouts dt and their voluntary exit decision Ivol,t. It is optimal for firms to delay dividend

payments until they exit, as discussed in Section 2. Figure 1 shows the real net value of the firm,

9 Our results are robust to considering lower values for ϕ.
10Since the firms in our model repay the debt only when they are liquidated, another way to interpret the model is to

assume that with probability α the collateral of the firm is checked but the debt is not rolled over, so that average debt
maturity in the model coincides with the average age of the firm. This interpretation allows us to map firms’long term
debt with the sum of all firm liabilities, not just banking debt. Saretto and Tookes (2013) calculate the average maturity
of debt to be 8.68 years, using a sample of stock exchange listed U.S. firms during the years 2002-2010. This value is very
close to the life expectancy of firms in our model (on average 10.4 years).
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Figure 1: Firm’s Optimal Voluntary Exit Decision

which measures the real net present value of future expected profits net of future expected bankruptcy

costs (Jt(nFt )− nFt − Ptk) and also depicts the drivers of the decision of whether to exit or continue in

operation every period. Firms face a constant probability of 11.5% of suffering a collateral constraint

check, and this check generates the obligation to repay the debt and shut down the firm whenever

condition (5) is violated, which happens when the firm’s liquidity position is weak. In the steady

state equilibrium under the benchmark calibration described above, firms with net real financial assets

below nF,bankr will have to exit if they suffer a collateral constraint check. Therefore, for those firms,

their ex-ante probability of bankruptcy, assuming they do not exit for voluntary reasons beforehand,

is 11.5%. For firms with larger holdings of liquid assets, the ex-ante probability of having to exit this

period due to bankruptcy is 0%. Firm real net value decreases as firms approach financial distress and

the likelihood that they will enter bankruptcy in the near future increases. Net firm value conditional

on continuation falls below 0 when firms have negative real net financial positions below nF,vol, which

is the threshold below which it is optimal for firms to exit for voluntary reasons. For these severely

distressed firms, the probability of exit is 100%.11

11 In the steady state equilibrium, it is almost never the case that firms reach a situation of financial distress such
that they choose to exit voluntarily, since the probability of sustaining a long series of negative productivity shocks and
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Figure 2: Employed Household’s Optimal Consumption/Savings Decision and its Employer’s Financial
Strength

Workers’consumption policies, as a function of the net wealth of the firm they work for, are shown

in Figure 2, where we plot the consumption to income ratio for the households at the median and at

the 10th percentile of the households’wealth distribution. The financial strength of the firm is a state

variable for the worker because it influences the likelihood that the firm will fire the worker in the near

future. Households that work for firms with suffi cient liquidity have a consumption to income ratio of

0.96 (0.86) for the median (bottom decile) household in terms of wealth.12 As the firm they work for

approaches financial distress, they lower their consumption ratio to increase savings. The consumption

ratio for the worker of the firm with the lowest possible net financial position is 6.5% (7.9%) lower

relative to the maximum consumption ratio for the median (bottom decile) household. This increase in

savings associated with an increase in unemployment risk can be due both to a precautionary motive

and to a wealth effect.

The distributions of households’ and firms’ asset holdings are displayed in Figure 3. Firms are

simultaneously suffering a collateral constraint check is low. In most of the transitional dynamics following negative
financial shocks that we analyze in Sections 4 and 6, however, there are frequent instances in which financially weak firms
find it optimal to exit voluntarily.
12 Income is calculated as the sum of wages plus the dividend income from the ownership of shares.
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Figure 3: Household and Firm Real Net Asset Distributions

created with no financial assets and some debt, and as a result, with a negative net asset position.

Those that do not go bankrupt during their initial periods of operation, slowly accumulate financial

wealth as they make positive profits at a speed driven by firm profitability and by the equilibrium

interest rate which determines the returns on their liquid asset holdings. The distribution of asset

holdings of households is displayed on the left panel of Figure 3. The precautionary behavior of

workers on the one hand, and their consumption smoothing motive on the other, ensure that their

asset holdings converge to a smooth distribution. The source of dispersion in household wealth is the

transition between employed and unemployed status.13

13Our model is not designed to match these distributions to their empirical counterparts with precision. The firm
sector distribution of liquid assets, however, does match the observed distribution relatively well, as shown in Panel B
of Table 1. Achieving a closer match, particularly for the household sector, would require adding a much larger set of
dimensions of heterogeneity within households and firms, which would defeat the purpose of providing a clear exposition
of our mechanism.
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4 Transition Dynamics Following Shocks to Households and to Firms

This section analyzes the dynamics of the economy following unexpected temporary aggregate financial

shocks. We assume that the economy is in its steady state in period t = 0, and that in period

t = 1 agents are hit with a sequence of unexpected aggregate shocks that take place between t = 1

and t = J > 1, {Ψ}J1 . We study the dynamics of the economy during T > J periods, and choose a

value of T suffi ciently large so that the economy reverts to the original steady state before t = T . We

describe our solution method in detail in the Computational Appendix.

The purpose of this exercise is to study the dynamic interaction between shocks to households,

which affect the aggregate demand for goods, and credit shocks to firms. We will show that when

both households and firms are subject to unexpected negative financial shocks, the reduction in firm

creation, output and employment is much larger and more persistent than when the shocks hit only

households or only firms. We then perform several robustness checks to argue that the results are

not driven by nonlinear responses of the economy to shocks of different magnitude, but instead that

it is the interaction between the shocks that matters. Finally, we demonstrate that the interaction

between these two shocks is driven by dynamic feedback effects between the precautionary behavior of

households and firms.

4.1 Definition of Aggregate Financial Shocks.

For our benchmark exercise, we consider a shock to households that resembles the one that occurred

during the 2007-2009 recession. We follow Mian, Rao and Sufi’s (2013) view that the housing price

collapse in the 2007-2009 period resulted in a large negative wealth shock, which significantly affected

the consumption decisions of US households. We implement this shock as a wealth redistribution from

the bottom 90th percentile of the net worth distribution of households to the top decile, occurring

gradually over eight quarters. This redistribution can be interpreted as a shortcut to a more realistic

model in which the value of housing is inflated by a bubble and houses are used as collateral for mortgage

loans. When an exogenous bursting of this bubble causes a decline in house prices, the resulting relative

fall in net household wealth is, on average, larger for the less wealthy and more leveraged households.

We abstract from the average fall in net wealth, and instead only consider the distributional impact.14

14 In the model, consumption is more sensitive to wealth for poorer households, both because of a precautionary saving
motive and because of financing frictions, and this redistribution, therefore, negatively affects aggregate consumption.
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In order to measure the shock, we use the data on the households surveyed in the 2007-2009 panel

of the Survey of Consumer Finances (SCF).15 We consider the distribution of households according

to their net worth in 2007, including only households with a positive net worth. For each decile of

net worth, we calculate the median decline in net worth in the 2007-2009 period, which ranges from a

median decline of 48% for the first decile to a median decline of around 20% for the deciles above the

6th.16 We then compute a quarterly shock hd, where d = 1, .., 8 indicates the decile, so that in the first

8 quarters of the transition period, from t = 1 to t = 8, the wealth of household i in decile d, adi,t, is

unexpectedly reduced to adi,t(1−hd).17 Therefore, the corresponding quarterly wealth transfer to every

household in the 10th decile of wealth is equal to

9∑
d=1

Nd∑
i=1

adi,th
d

N10
,

where Nd is the number of households in decile d. As an indirect confirmation that the magnitude of

this shock is realistic, we calculate that real consumption expenditure in these 8 quarters falls by 5.8%

in the simulated economy with both demand and credit shocks (see Figure 5). This is of a similar order

of magnitude as the average drop in spending for US households from 2006 to 2009, which Mian, Rao

and Sufi (2013) estimate to be 5.9%.

In our benchmark transition exercise, we consider as a credit shock to firms an unexpected increase in

the interest rate spread paid on net borrowing, κt (see equation 10), that resembles the observed spreads

that occurred during the 2007-2009 crisis. Our aim is for our spread shock to capture the contraction

in credit supply suffered by firms during this period. Gilchrist and Zakrajsek (2012) document that

the total credit spread rose from an average of around 2% before the 2007-2009 crisis to close to 8%

at its peak during the recession. Their evidence is obtained from a sample of publicly listed firms with

outstanding bonds traded in financial markets, a subset of firms which is likely to be at the lower end of

the distribution of financial constraints, and hence a conservative estimate for the credit shock suffered

by the average firm.18 Accordingly, we set the value of κt equal to 5.2% in annualized terms for the

15http://www.federalreserve.gov/econresdata/scf/scf_2009p.htm
16These values are consistent with an alternative way to compute the shock based on the percentage decline in housing

prices in the 2007-2009 period multiplied by the average value of housing as a percentage of net worth in 2007 for the
households in the SCF.
17We assume that each of the wealth shocks is unexpected at the household level. That is, even though the households

can forecast the future paths of employment, prices and interest rates, they do not anticipate that their own wealth will
be affected by the redistribution shock.
18Gilchrist and Zakrajsek (2012) introduce a method to extract the component of credit spread variations not associated
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transition periods from t = 1 to t = 8, and equal to the steady state value of 0% from period t = 9

afterwards.19

4.2 Simulation results with only individual shocks

Figure 4 shows transition dynamics for two simulations, one with only shocks to households and one

with only shocks to firms. The upper panels show the dynamics of unemployment, the price of the

consumption good relative to the financial asset, and the nominal interest rate, for the 30 periods after

the shock first hits. The middle panels display the firm destruction and creation dynamics, and the

bottom panels describe the labor market tightness, and consumption and wealth dynamics.

In the simulation with only demand shocks, the price falls gradually during the first 8 quarters,

as households reduce consumption in response to the shock. Unemployment increases for the first 8

quarters, peaks at a value of 7.7% (1.9% higher than the steady state) and afterwards declines constantly

until it reaches a level in excess of 1.4% below the steady state after 30 periods. Thus, the demand

shock alone has both a contractionary effect on employment in the short term, and a very persistent

expansionary effect in the medium term. These dynamics are the result of two counteracting forces.

First, a drop in prices reduces both the nominal profits and the collateral value of capital of existing

firms, making it more likely that these firms are unable to refinance their nominally fixed long-term

debt and are forced to liquidate. The drop in collateral value of capital comes about because capital and

consumption goods are perfect substitutes. This effect generates a significant increase in the number

of bankruptcies during the first 10 quarters of the transition period (see the center panel in the second

row).

Second, the gradual declines in the price level and the interest rate stimulate the creation of new

firms.20 This happens both because lower nominal interest rates reduce the opportunity cost of capital,

with changes in firms’default probability, but instead associated with other factors such as financial intermediaries’balance
sheet strength or changes in investors’risk tolerance. They document that about half of the total increase in the credit
spread was not due to an increase in the expected probability of default. In our model, we make a simplifying assumption
to ensure that firm’s debt is not risky. Therefore κt can be interpreted as a shortcut to a wedge caused either by an
increased firm’s riskiness during the crisis, or by an exogenous increase in the cost of external finance because of a credit
crunch. If we explicitly introduced risky debt in the model, the first component would arise endogenously and amplify
the interest rate wedge caused by the credit crunch.
19We also computed transition dynamics considering, as a credit shock to firms, an increase in αt, the probability that

a firm needs to provide guarantees (satisfy condition (5)) to renew its long-term debt. This shock is a shortcut to an
unexpected tightening in lending conditions during the financial crisis. In this case, we set the value of αt equal to 50%
for the transition periods from t = 1 to t = 8, and equal to the steady state value of 11.5% from period t = 9 onwards.
The results obtained using this alternative shock are qualitatively and quantitatively similar to those presented in this
section.
20The interest rate briefly increases for the first two periods before declining gradually, because of the way dividends are

determined in the model. Future expected shocks initially reduce firm creation below the steady state rate. The dividend

26



0 5 10 15 20 25 30
4

5

6

7

8
Un e m p lo ym e n t Ra te

q u a rte rs

R
at

e 
(%

)

O n l y Fi rm  S e cto r S h o ck
O n l y Ho u se h o l d  S e cto r S h o ck

0 5 10 15 20 25 30

0.9

0.95

1

P ri ce

q u a rte rs

R
el

at
iv

e 
to

 S
S

0 5 10 15 20 25 30

0.2

0.25

0.3

0.35
No m in a l  In te re st Ra te

q u a rte rs

R
at

e 
(%

)

0 5 10 15 20 25 30
0

2

4

6

8
V o lu n ta ry E xi ts

q u a rte rs

%
 o

f S
S 

hi
re

s

0 5 10 15 20 25 30
5

10

15

20

25
B a n kru p tci e s

q u a rte rs

%
 o

f S
S 

hi
re

s

0 5 10 15 20 25 30
90

95

100

105

110

115
Ne w Fi rm s Cre a te d

q u a rte rs

%
 o

f S
S

0 5 10 15 20 25 30
0.5

1

1.5

2
L a b o r M a rke t T ig h tn e ss

q u a rte rs

R
el

at
iv

e 
to

 S
S

0 5 10 15 20 25 30
4

3

2

1

0

1
Re a l  HH Co n su m p ti o n

q u a rte rs

D
ev

 fr
om

 S
S 

(%
)

0 5 10 15 20 25 30

85.4

85.6

85.8

86

86.2

Fin a n cia l  A sse ts in  HH S e cto r

q u a rte rs

%

Figure 4: Transition Dynamics - Individual Shocks to Households and Firms
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and because the anticipated gradual increase in the price level decreases the expected future real burden

of the long-term debt issued in the present to buy capital. The middle panels of Figure 4 show that

the positive effect on hiring is lagged relative to the surge in forced exits, but much more persistent.

The bottom center and right panels show the dynamics of consumption and asset accumulation by

households. The latter panel shows that the shock has an effect similar to "deleveraging", because

total financial assets held by the household sector constantly increase over time. This happens because

the shock causes a persistent increase in the saving rate and aggregate savings, as the households

below the 90th percentile save to rebuild their financial wealth. Initially this causes a drop in real

consumption, which eventually, around period 23, overshoots above the steady state level as employment

and production increase. In other words, by stimulating job creation, higher savings generate more

resources and help the household sector quickly reach their desired levels of wealth accumulation. In

summary, in a simulation with only household wealth shocks, a reduction in the demand for consumption

goods has little impact on unemployment, because higher savings and expected future inflation reduce

the cost of capital and stimulate job creation.

In Figure 4, we also report the dynamics following the credit shock to firms. This shock leads to an

immediate increase in bankruptcies of the most financially fragile firms, and to a persistent reduction

in firm creation, because the higher cost of borrowing for new firms reduces the value of creating new

firms. However, the increase in unemployment, from the steady state value of 5.9% to a peak of 7.4%

after 11 quarters, is relatively small. One reason for the limited impact of the shock is the increase

in the price level, which increases nominal revenues and makes it more likely that firms are able to

repay their debts and avoid default. The increase in the price level is caused by a reduction in the

supply of consumption goods which is not matched by an equally large reduction in demand, because

of households’desire to smooth consumption. The fall in real consumption during the first 8 quarters

is about half of the size of the reduction in the demand shock simulation, and is primarily caused by

a reduction in permanent income due to lower aggregate dividends. The increase in unemployment is

small but very persistent in this simulation, because the gradual and persistent decline in prices towards

the steady state, from period 15 onwards, increases the real interest rate and the real value of debt,

equation 16 implies that a lower firm creation cost ξt increases aggregate dividends and the nominal interest rate. This
is responsible for a counterintuitive pattern in this simulation: real household consumption (central graph on the bottom
row) slightly increases after the shock, before starting its decline in period 2. The wealth effect caused by higher interest
rates increases the consumption of the richest unts in the sample and dominates in the short term. In an alternative model
in which expected financing constraints reduce dividend payments by firms, this specific feature of the economy would
disappear, but the other quantitative and qualitative results of the model would not be significantly affected.
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Figure 5: Transition Dynamics - Joint and Individual Shocks to Households and Firms
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and dampens firm creation.

4.3 Simulation Results with Simultaneous Financial Shocks to Firms and House-
holds

In this section, we discuss the main insight of our paper, which is that when the two shocks occur

simultaneously, their effects interact with and amplify each other to generate a very large and persistent

negative impact on firm creation, output and employment. Figure 5 replicates Figure 4 and adds the

simulation results when both shocks are present. In period t = 9, unemployment has increased by 1.9%

in the simulation with only demand shocks, by 1.5% in the economy with only the firms’credit shock,

and by 4.9% in the economy with both shocks present. The two shocks interact in such a way that not

only substantially increases the peak unemployment rate, but also makes it very persistent. After 17

periods, unemployment has already gone back to the steady state level of 5.85% in the simulation with

only household shocks, while it is still as high as 9.32% in the simulation with both shocks.

This amplification and persistence result is caused by the dynamic interaction between the pre-

cautionary behavior of heterogeneous firms and heterogeneous households. First, the early voluntary

liquidations of firms generate an initial sharp increase in firm destruction and a surge in unemploy-

ment. The left panel in the middle row shows that voluntary liquidations are very high, around 50%

of steady state firm creation rates in the first period following the shocks. By contrast, there are no

voluntary liquidations in the simulation with only household shocks, despite a price decline that is even

larger. These voluntary exits are caused by future expected financial problems. These firms expect the

demand shock to generate declining prices for a long time in the future, reducing nominal revenues and

the collateral value of capital, at the same time as the credit shock increases the cost of servicing the

debt, worsening their liquidity position. These firms are able to continue operating, but because they

face lower expected nominal revenues and a lower likelihood of being able to repay their debt in the near

future, prefer to liquidate the firm rather than to risk suffering bankruptcy costs in the future. Such

fragility also reduces the value of new firms and dampens firm creation. This early surge in voluntary

exits and reduction in firm creation explain why the initial sharp increase in unemployment is much

larger than after the individual shocks.

Second, the pattern of household deleveraging generates large propagation effects and explains the

persistence of low firm creation, low output, and high unemployment. Households’attempt to improve

their financial position following the negative wealth shock is hindered in the presence of firm shocks.
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Figure 6: Consumption Dynamics Across Households

The higher rate of unemployment, relative to the case with only a shock to household wealth, means

that many households find it harder to accumulate savings, as shown in the bottom right panel. This

effect is also captured in Figure 6, where the left graph displays, for the simulation with only the

household shock, the percentage deviation of consumption for two groups of households. Among all

households that suffer the wealth shock, we compare the 10% with lowest wealth ("Bottom 10%" line)

with the 10% with highest wealth ("Top 10%" line). As expected, the bottom 10% households reduce

their consumption relatively more, but both groups return to the steady state consumption level after

30 periods. The second graph shows the same lines for the simulation with both shocks. To facilitate the

comparison, the third graph shows the difference between the percentage consumption decline between

the Top and Bottom groups in the two simulations. The difference between the consumption reactions

of the two groups is always larger in the presence of both shocks, and is strikingly more persistent.

The worse economic conditions in the economy with both shocks slow down the deleveraging process

and, after 30 periods, many households are still below their desired level of wealth, and, therefore, keep

saving more and consuming less than in the steady state.
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These forces shape the price dynamics shown in Figure 5. Prices initially drop between periods 1 and

9 as a result of the combination of increased goods supply, arising from the liquidated capital from the

firms that exit, and reduced demand. Afterwards, there is a temporary increase in prices until period

16, because demand for investment goods from new firms increases. From period 16 onwards, the price

level does not keep increasing to converge to the steady state, but rather keeps decreasing, reflecting

the need of the household sector to reduce consumption and keep deleveraging. This decline in prices

is very gradual and persistent, and generates a similar persistence in output and unemployment.21

5 Robustness Checks

In this section, we present several robustness checks that exclude alternative interpretations of our

findings and confirm the importance of the interaction between financial shocks to households and

firms in generating the results illustrated above.

5.1 Nonlinear Effects of Individual Shocks

The results discussed in the previous section show that neither negative household demand shocks

nor firm credit tightening shocks are able to generate large increases in unemployment when they

occur separately, but that when these two types of shocks are combined, they can amplify each other’s

effects to generate much larger unemployment fluctuations. A potential concern is that the interaction

effect we describe is due to the size of the combined household and firm shocks rather than to any

special feedback between the effects of both shocks. If this were the case, then large shocks to either

the household or the firm sector would also cause large increases in unemployment. To address this

concern, we first define a simple statistic to summarize the magnitude of both the amplification and

persistence effects of the shock. We interpret the steady state output level in the model as the potential

output in our simulated economy, and we calculate the output gap in each quarter as the difference

between potential output and actual output divided by potential output. Our summary measure of the

effects of the shocks is the average output gap for the first 30 quarters of the simulated transition. We

choose 30 quarters because this is a long enough time period to capture the effect of both amplification

and persistence.

In Figure 7, each line represents the average output gap obtained in simulations with a gradually

increasing size of the firm shock, for a given size of the household shock. The figure highlights three
21Prices start to increase again towards the steady state from period 60 onwards.
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important results of our model. First, the effect of a firm credit shock on the economy is nonlinear,

since each of the three lines is convex. This means that, even in the absence of household shocks,

a large enough financial shock to firms would be suffi cient to generate large and persistent increases

in unemployment and the output gap. However, these shocks would have to be implausibly large to

generate the same unemployment dynamics generated by the empirically realistic joint shocks in the

benchmark calibration. Second, the effect of the demand shock in isolation on the average output gap,

which can be computed by comparing the initial point of each line, is virtually nonexistent, because

the expansionary and contractionary effects compensate for each other. Third, despite the fact that the

demand shock is neutral for the average output gap when it occurs in isolation, it clearly amplifies the

effect of the firm credit shock, and more so the larger the firm shock is. This evidence clearly shows that

the amplification and persistence results shown so far are generated by a positive interaction between

the two shocks, rather than by the nonlinearity of the individual shocks. Even though the model is

relatively stylized and its quantitative results have to be interpreted with caution, it is interesting to

note that when the benchmark demand and firm shocks occur simultaneously (the point in Figure 7

that corresponds to the 1.3% firm shock on the 100% household shock line), we obtain an average

output gap of 3.5%, which is close to the average output gap in the US in the 30 quarters since the

beginning of the financial crisis (from the last quarter of 2007 to the first quarter of 2015) of 4.2%.22

5.2 Dynamic Feedback between the Precautionary Behavior of Households and
Firms.

To gain further insight into the precise mechanisms that drive the interaction between both types of

financial shocks, we conduct several exercises in which we remove some ingredients of our economy to

evaluate their importance. When discussing transition dynamics above, we emphasized the importance

of voluntary exits in generating large increases in unemployment and of persistent endogenously low

demand in affecting the persistence of unemployment. Therefore, on the firm side, we eliminate the

possibility of voluntary exit for firms. On the household side, we remove the endogenous feedback

effect from unemployment to aggregate demand, by simulating an economy in which the same number

of households receive the equilibrium wage, following any of the shocks, as during the steady state.

This subsidy to a subset of the unemployed households is financed by taxing the top quintile of firms

in terms of asset holdings. The purpose of this exercise is to design an economy in which aggregate

22Source: St. Louis Fed., https://research.stlouisfed.org/fred2
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Figure 8: The Mechanisms that Generate Interaction between Household and Firm Financial Shocks

demand responds to the deleveraging induced by the household wealth shock, but not to the subsequent

endogenous reduction in aggregate household income caused by lower aggregate employment.

Figure 8 displays the average output gap generated by the firm credit shock in the presence of

household shocks of different sizes, in the benchmark case and in the two cases described above. To

make it easier to compare the different figures, we rescale them so that the average output gap for

the "0% firm shock" simulation is always normalized to zero.23 The figure shows that, in the absence

of either firm voluntary liquidations or demand feedback effects, the "100% household shock" line is

much closer to the other two lines, meaning that the size of the interaction between shocks is reduced

significantly. This is further evidence that household shocks amplify the effect of firm credit shocks

mainly because of a feedback between endogenous aggregate demand fluctuations and voluntary firm

liquidations, as argued above.

23Nonetheless, the raw figures show qualitatively very similar results.
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Figure 9: Transition Dynamics - Joint Shocks to Households and Firms in the Benchmark Model and
in Model with Alternative Wage Determination Rules
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6 Interaction Effects in the Presence of Alternative Wage Rules

Our benchmark model only features nominal rigidities in debt, and we implicitly assume real wage

rigidity by setting wages equal to a constant fraction of real income. However, nominal rigidities in

wages are known to be a key ingredient for models to be able to capture important features of the

business cycle, particularly for models that emphasize aggregate demand disturbances (Christiano,

Eichenbaum and Evans (2005) and Smets and Wouters (2007)). This nominal rigidity could result in

real wage increases following negative shocks that lower prices. On the other hand, workers in financially

distressed firms might be willing to accept real wage cuts in order to reduce the risk of losing their jobs

because of firm bankruptcy. It is, therefore, important to verify that the interaction and amplification

results shown in the previous sections are robust to relaxing the real wage rigidity assumption.

We consider two alternative wage determination rules. We repeat the simulations of Section 4

assuming that wages are nominally rigid in the transition at their steady state level. This nominal

wage rigidity affects existing firms and new firms that are created during the transitional dynamics

following shocks. While it has been shown that wages for new hires are significantly more flexible than

wages of existing jobs (Haefke, Sonntag and van Rens (2013)), we make this strong assumption about

nominal wage rigidity to better assess the extent of the possible implications of such a feature in our

model. Second, we repeat the simulations of Section 4 introducing a substantial degree of real wage

flexibility, by assuming that a 1% increase in unemployment over the steady state level results in a

0.5% reduction in real wages for all firms.

The results from running these simulations are compared in Figure 9, in which the responses to the

combined household and firm sector financial shocks are displayed for the benchmark model and for

the two models with alternative wage rules in the transition. The bottom left graph shows real wages,

and clearly illustrates how the two new simulations are symmetric deviations from the benchmark case.

The nominally rigid case implies that real wages increase by 2% relative to benchmark, while in the

flexible case, they decline up to 3%. Perhaps surprisingly, the simulation with flexible wages shows the

highest increase in unemployment in the short term, while the simulation with nominal wage rigidity

has a smaller increase of unemployment in the short term but more persistence in the medium term.

Nominal wage rigidity has two effects that operate in opposite directions. Nominal wage rigidity in

the presence of declining prices, reduces firm profits and job creation. However, it also contributes

to sustaining consumption by increasing the real value of wages. This prevents a large fall in the
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Figure 10: Transition Dynamics - Joint and Individual Shocks to Households and Firms in a Model
with Nominal Wage Rigidities
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price level and a large increase in the real value of debt, reducing both bankruptcies and especially

voluntary liquidations of firms that fear future bankruptcy costs. Under our calibration, the positive

effect dominates the negative effect, explaining the lower peak unemployment. The same two opposite

effects operate in the case of real wage flexibility: lower real wages increase firms’profits and job creation

in all periods of the transition except the first. However, they also depress nominal consumption and

prices further, causing a larger increase in early voluntary exits and unemployment. Unemployment is

relatively less persistent because of the counteracting effect of higher firm creation in the medium term.

Figure 9, therefore, shows that different degrees of wage flexibility/rigidity affect the tradeoff be-

tween amplification and persistence but do not significantly affect the main results of the analysis, which

is that the joint shocks to firms and households interact and amplify each other. This is confirmed

in Figures 10 and 11, which replicate our benchmark comparison of the three simulations in Figure

5, the only difference being the different wage determination rules during the transitional dynamics.

Figure 10 considers the fixed nominal wage case. As for the benchmark result in Figure 5, in this

case the shock to household wealth also amplifies the unemployment fluctuations caused by the firms’

shock when they happen simultaneously, but the interaction effect is significantly weaker. Figure 11

considers flexible real wages. In this case, we find that, compared to the benchmark model, the shock

to household wealth amplifies even more the unemployment fluctuations caused by the firms’ shock

when they happen simultaneously.
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Figure 11: Transition Dynamics - Joint and Individual Shocks to Households and Firms in a Model
With Real Wage Flexibility

40



7 Conclusion

Financial crises typically feature a tightening of credit constraints for both households and firms.

Motivated by this observation, this paper introduces a model with financial and labor market frictions

and shows that financing constraints of households and firms interact with each other to significantly

amplify the effect of financial factors on aggregate output and employment.

We have intentionally left out some important features to be able to introduce a tractable theoreti-

cal framework. Our analysis abstracts from the role of countercyclical movements in risk premia, which

could have an important impact on firm creation and liquidation in times of credit market distress,

and would be likely to further amplify the effects of financial shocks in our model. Our assumption

of constant returns to scale at the firm level also limits our ability to study firm behavior more com-

prehensively, and we ignore nominal rigidities in household debt, even though this could be even more

relevant than firm debt nominal rigidities given the long maturity of some types of household debt

contracts such as mortgages.

The policy implications of the mechanisms described in this paper could be very relevant. In related

work (Caggese and Pérez-Orive (2015)), we explore the effects of different labor market reform policies

in a similar theoretical framework, with a focus on firing costs, unemployment benefits, and subsidies to

firms. Further research could also focus on the monetary policy implications of nominal debt rigidities

in the context of our framework.
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8 Computational Appendix

8.1 Steady State

This appendix describes the numerical methods used to solve the steady state equilibrium of the model
described in Section 2.

1. - Households’Problem
The individual decision problem of households is solved using policy function iteration based on a

discrete state space Euler equation approach. The state variables for the employed household problem
are the household wealth at and the firm net wealth nFt , and the savings policy function aw,t+1(at, n

F
t )

is approximated by a function which is piece-wise linear in each of the two arguments. We use 60
gridpoints for at and 400 for nFt . The density of the at grid increases for lower values of at, to better
capture the nonlinearities in the consumption and savings functions for households with low wealth.
The state variable for the unemployed household problem is household wealth at, and the savings policy
function au,t+1(at) is approximated by a function which is also piece-wise linear in at and is discretized
in the same way as the grid for working households.

2. - Firms’Problem
The individual decision problem of firms is solved using value function iteration. The state variable

for a firm is its current net holdings of financial assets, nFt , and its choice variable is its voluntary exit
decision Ivol,t ∈ {0, 1}. Dividends are optimally set at dt = 0 while the firm is operating, and are only
paid when the firm exits, and in that case equal the liquidation value of the firm, net of bankruptcy
costs, if applicable. We discretize the value function J(nFt ) using 400 gridpoints, which are spaced
more closely for low values of nFt in which firm value becomes concave due to the possibility of forced
or voluntary exit. We start from a probability of firm exit equal to the exogenous exit probability,
σt(n

F
t ) = η, for all nFt above or equal to n

F,bankr
t , and equal to αt + η (1− αt) for all values below,

which are the cases in which the firm is forced to exit if it faces a collateral constraint check. We
guess an initial J(nFt ) and assume there are no voluntary exits and recalculate J(nFt ). Using the new
guess of J(nFt ), we check if there are any gridpoints in which the condition for a voluntary exit (13)
is met, and update σ(nFt ) from below by making the first gridpoint a voluntary exit (Ivol,t = 1 and
σ = 1). We recalculate J(nFt ) using the new guess for σ(nFt ) and again update σ(nFt ) from below,
adding another voluntary exit gridpoint if it satisfies the voluntary exit condition. We repeat this
process until convergence of σ(nFt ) and J(nFt ).

3. - Labor Market and Goods Market Equilibrium
We solve for the equilibrium of the model by simulating an economy with N = 60, 000 households,

an endogenous number (≤ N) of firms, and M = 45, 000 mutual fund shares. We make a guess for
the initial distributions of household savings and employment status, and for the initial distribution of
firm financial assets and long-term debt, and start our simulation by calculating job creation and job
destruction. Taking our guess of unemployment as given, we calculate the vacancies that result from
the optimal firms creation condition (14), and obtain a number of matches. These matches constitute
new firms, which are created with no financial wealth (aF,t = 0) and an amount of debt D = Ptk.
Unemployed workers are assigned randomly to the newly created firms.

To calculate job destruction, we first identify all firms with net asset holdings below nF,volt , which
will be the ones exiting for voluntary reasons. Next, we apply random checks on collateral constraint (5)
to all firms with probability αt, and those that are subject to the check and fail because their net asset
holdings are in the range nF,volt < nt < nF,bankrt are forced to repay their long-term debt and liquidate.
Finally, we apply the exogenous exit shock to the remaining surviving firms. These exits happen at
the beginning of a period, and the workers that are fired start to search for a job the following period.
The new unemployment rate is the result of taking into account these job creation and job destruction
flows.

The goods market clears at the price P at which the aggregate demand for consumption goods
equals the aggregate supply (condition (25)). Aggregate supply of consumption goods arises from
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the output of firms and the capital of exiting firms that is transformed back to consumption goods,
net of bankruptcy costs, and consumption of goods includes household consumption, expenditures on
investment, including adjustment costs of investment, and vacancy posting costs.

Mutual funds’net revenues are calculated using expression (16), and this net cash flow constitutes
the dividend mutual funds pay out to households, which determine the equilibrium interest rate given
by (18).

4. - Convergence
We recalculate household and firm optimal policy functions after each simulation, updating the

aggregate variables and the individual policy and value functions very slowly. 3,000 iterations are
suffi cient for wealth distributions, aggregate variables, and individual policy and value functions to
converge.

8.2 Transitional Dynamics

This appendix describes the numerical methods used to solve for the transitional dynamics exercises
introduced in Sections 4 and 6. We consider a transition period to last from time t = 1 to time t = T.
The economy is in the steady state in period t = 0 and in period t = 1 households and firms learn
about an unexpected sequence of aggregate shocks {Ψ}J0 between t = 1 and t = J < T. We choose a
value of T = 150, which is suffi ciently large so that the economy returns to the steady state before that
time.

We compute the transition dynamics with the following iterative procedure:
1 - Optimization
We calculate the optimal decisions of households and firms conditional on {Ψ}J0 and on an initial

guess of the path of aggregate variables {rt, Pt, wt, λw,t}Tt=1. The optimization is done as in the steady
state described above, only starting at time t = T and moving backwards to time t = 1.

2 - Simulation
We simulate the economy for t = 1, ...T and we update our guess of the aggregate variables

{rt, Pt, wt, λw,t}Tt=1 slowly, using an updating parameter of 20%.
3 - Convergence
We iterate between steps 1 and 2 until the sequence of policy functions and aggregate variables

converges. 1,000 iterations are suffi cient for wealth distributions, aggregate variables, and individual
policy and value functions to converge.
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