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We study the effects of a credit crunch on consumer spending in a
heterogeneous-agent incomplete-market model. After an unexpected permanent
tightening in consumers’ borrowing capacity, constrained consumers are forced
to repay their debt, and unconstrained consumers increase their precautionary
savings. This depresses interest rates, especially in the short run, and generates
an output drop, even with flexible prices. The output drop is larger with sticky
prices, if the zero lower bound prevents the interest rate from adjusting down-
ward. Adding durable goods to the model, households take larger debt positions
and the output response can be larger. JEL Codes: E30, E44, D52.

I. INTRODUCTION

How does an economy adjust from a regime of easy credit to
one of tight credit? Suppose it is relatively easy for consumers to
borrow and the economy is in a stationary state with a stable dis-
tribution of borrowing and lending positions. An unexpected shock
hits the financial system and borrowing gets harder in terms of
tighter borrowing limits and/or in terms of higher credit spreads.
The most indebted consumers need to readjust towards lower lev-
els of debt. Since the debtor position of one agent is the creditor
position of another, this also means that lenders have to reduce
their holdings of financial claims. How are the spending decisions
of borrowers and lenders affected by this economy-wide financial
adjustment? What happens to aggregate activity? How long does
the adjustment last?
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In this article, we address these questions, focusing on the re-
sponse of the household sector, using a workhorse Bewley (1977)
model in which households borrow and lend to smooth transitory
income fluctuations. Since the model cannot be solved analyti-
cally, our approach is to obtain numerical results under plausible
parameterizations and explore the mechanism behind them. The
model captures two channels in the consumers’ response to a re-
duction in their borrowing capacity. First is a direct channel, by
which constrained borrowers are forced to reduce their debt. Sec-
ond is a precautionary channel, by which unconstrained agents
reduce their debt or increase their savings as a buffer against fu-
ture shocks. Both channels increase net lending in the economy,
so the equilibrium interest rate has to fall in equilibrium.

Our analysis leads to two sets of results. First, we look at
interest rate dynamics and show that they are characterized by a
sharp initial fall followed by a gradual adjustment to a new, lower
steady state. The reason for the interest rate overshooting is that
at the initial asset distribution, the agents at the lower end of
the distribution try to adjust toward a higher wealth target by
increasing their net saving. To keep the asset market in equilib-
rium, interest rates have to fall sharply. As the asset distribution
converges to the new steady state, the net lending pressure sub-
sides and the interest rate moves gradually up. Second, we look at
the responses of aggregate activity. In our baseline flexible price
specification we obtain a mild output reduction of about 1.1%, in
response to a shock that leads in the long run to a debt reduction
of 10% of initial output.

We also study the economy’s response under a simple form
of nominal rigidities: fixed nominal wages. In the flexible price
economy the nominal interest rate is negative in the short run
following the credit tightening. Therefore, with nominal rigidities,
the central bank reaches the zero lower bound and is unable to
achieve the real interest rate that replicates the flexible price
allocation. Therefore, with nominal rigidities the credit tightening
leads to a larger contraction in output of about 1.7%.1

1. This was the first work to combine nominal rigidities with a heterogeneous
agent model of precautionary savings. Since this work was circulated, this combi-
nation of ingredients has proved useful to analyze other questions, most notably
the effects of transfer spending in Oh and Reis (2012) and the effects of forward
guidance in McKay, Nakamura, and Steinsson (2016). The working paper version
of this paper (Guerrieri and Lorenzoni, 2011) and the papers cited use nominal
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We provide an interpretation of the output responses, with
and without nominal rigidities, looking at the demand and the
supply side of the model. On the demand side, the aggregate con-
sumption response can be decomposed into two parts: a change
due to the exogenous shift in the credit limit and a change due
to the endogenous reduction in the interest rate. The first effect
is large, about −4%, but is counteracted by a large consumption
response to the endogenous drop in the interest rate. This de-
composition shows that heterogeneous agent incomplete market
models with standard preference parameters feature a fairly large
interest rate elasticity of aggregate nondurable consumption. This
decomposition also explains why the incomplete adjustment of the
interest rate under nominal rigidities leads to a larger fall in con-
sumption.

The consumption predictions of the model are sensitive to the
chosen calibration target for consumer savings. In our baseline
calibration we target average liquid savings. When we target me-
dian savings instead of average savings, we obtain a calibration
with a larger partial equilibrium response and a lower interest
elasticity of aggregate consumption, leading to much larger re-
sponses of output, both in the flexible price case and in the econ-
omy with nominal rigidities (respectively −1.8% and −5%).

We also look at the output response from the supply side.
Here opposing forces are at work, since overly indebted agents
would like to adjust by working more and increasing their current
labor income. A composition effect tends to dampen the effect
of this channel on output, as the more indebted households are
also the one with worse employment opportunities (captured by
lower labor productivity in the model). Therefore, in our baseline
specification, the model predicts an increase in employment and
a reduction in labor productivity following the credit shock. These
predictions depend on the preference specification and we also
present alternative calibrations where these effects are weaker
and there is a reduction in employment following the credit shock.

Finally, we generalize the model to include durable consump-
tion goods, which can be used as collateral. In this extension,
households face a richer portfolio choice as they can invest in
liquid bonds or in durable goods. To make bonds and durables
imperfect substitutes, we assume a proportional cost of reselling

price rigidity, whereas here we use nominal wage rigidity. Later we discuss the
relative merits of these two approaches.
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durables, so that durables are less liquid. After a credit crunch,
net borrowers are forced to deleverage and have to reduce con-
sumption of durable and nondurable goods. On the other hand,
the precautionary motive induces net lenders to save more by
accumulating both bonds and durables. Durable purchases may
increase or decrease, depending on the strength of these two ef-
fects.

In our calibration, the net effect depends on the nature of the
shock. A pure shock to the credit limit affects only borrowers close
to the limit, so the lenders’ side dominates and durable purchases
increase. A shock to credit spreads, on the other hand, affects a
larger fraction of borrowers, leading to a contraction in durable
purchases. Here the output effects can be large, leading to a 4%
drop in consumption following a transitory shock that raises the
spread on a one-year loan from 1% to 3.8%. The consumption drop
can be as large as 10% if prices are fixed and the zero lower bound
is binding. However, the responses we obtain in this section are
concentrated in durable consumption, with very small effects on
nondurables.

This article focuses on households’ balance sheet adjustment
and consumer spending and is complementary to a growing liter-
ature that looks at the effects of credit shocks on firms’ balance
sheets and investment spending.2 Hall (2011a, 2011b) argues that
the response of the household sector to the credit tightening is
an essential ingredient to account for the recent U.S. recession.
Mian and Sufi (2011, 2014) and Mian, Rao and Sufi (2013) use
geographic variation to argue that the contraction in households’
borrowing capacity, mainly driven by a decline in house prices, was
responsible for the fall in consumer spending and eventually for
the increase in unemployment. Our model aims to capture the ef-
fects of a similar contraction in households’ borrowing capacity in
general equilibrium.

In modeling the household sector, we follow the vast litera-
ture on consumption and saving in incomplete market economies

2. Classic models of the role of firms’ balance sheets are Kiyotaki and Moore
(1997) and Bernanke, Gertler, and Gilchrist (1999). Recent contributions include
Jermann and Quadrini (2009), Brunnermeier and Sannikov (2010), Gertler and
Kiyotaki (2010), Khan and Thomas (2010), Buera and Moll (2011), Del Negro et al.
(2011), and Cagetti, De Nardi, and Bassetto (2011). Goldberg (2011) is a model that
combines financial frictions on both the firms’ and the households’ side, but focuses
on steady states.
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with idiosyncratic income uncertainty, going back to Bewley
(1977), Deaton (1991), Huggett (1993), Aiyagari (1994), and Car-
roll (1997).3 Our approach is to compute the economy’s transi-
tional dynamics after a one-time, unexpected aggregate shock.
This relates our article to recent contributions that look at
transitional dynamics after different types of shocks.4 Much work
on business cycles in economies with heterogenous agents and
incomplete markets, follows Krusell and Smith (1998) and looks
at approximate equilibria in which prices evolve as functions of a
finite set of moments of the wealth distribution. Here, we prefer to
keep the entire wealth distribution as a state variable at the cost
of focusing on a one-time shock, because our shock affects agents
in different regions of the distribution very differently.5 Midri-
gan and Philippon (2011) take a different (and complementary)
approach to modeling the effects of a credit crunch on the house-
hold sector. They use a cash-in-advance model to explore the idea
that credit access, as money, is needed to facilitate transactions.
Finally, our model with durables is related to Carroll and Dunn
(1997), an early paper that uses a heterogeneous agent, incom-
plete market model with durable and nondurable goods to look at
the dynamics of consumer debt and spending following a shock to
unemployment risk.

The modern monetary policy literature has pointed out that
at the roots of a liquidity trap there must be a shock that sharply
reduces the “natural” interest rate, that is, the interest rate that
would arise in a flexible price economy (Krugman 1998; Eggerts-
son and Woodford 2003a). In representative agent models, the
literature typically generates a liquidity trap by introducing a
shock to intertemporal preferences, which mechanically increases
the consumer’s willingness to save (e.g., Christiano, Eichenbaum,
and Rebelo 2009). Our model shows that in a heterogeneous agent
environment, shocks to the agents’ borrowing capacity can be the
underlying force that pushes down the natural rate by reducing
the demand for loans by borrowers and increasing the supply of
loans by lenders. This is consistent with the fact that historically

3. Heathcote, Storesletten, and Violante (2009) offer an excellent review.
4. For example, Mendoza, Quadrini, and Rios Rull (2009) look at the response

of an economy opening up to international asset trade.
5. Heathcote, Storesletten, and Violante (2009) point out that the nature of

the shock is important in determining whether a heterogeneous agent economy
behaves approximately as its representative agent counterpart.
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liquidity trap episodes have always followed disruptions in credit
markets. Two independent recent papers, Curdia and Woodford
(2010) and Eggertsson and Krugman (2012), draw related con-
nections between credit crises and the liquidity trap. The main
difference is that they work with a representative borrower and
a representative lender and mute wealth dynamics to aim for
analytical tractability.6 This implies that there are no precaution-
ary effects, that is, no direct responses for agents who are not at
the debt limit, and that there are no internal dynamics associ-
ated with the wealth distribution. As we shall see, in our model
the dynamics of the wealth distribution play an important role in
generating large swings in the natural interest rate.

Two papers that explore the effects of precautionary behavior
on business cycle fluctuations are Guerrieri and Lorenzoni (2009)
and Challe and Ragot (2010). Both papers derive analytical results
under simplifying assumptions that eliminate the wealth distri-
bution from the problem’s state variables. In this article we take
a computational approach to study how the adjustment mecha-
nism works when the wealth distribution evolves endogenously.
Another related paper is Chamley (2010), a theoretical work that
explores the role of the precautionary motive in a monetary envi-
ronment and focuses on the possibility of multiple equilibria.

Since this article was first circulated, there has been a grow-
ing body of work on the effects of a credit crunch on a highly
indebted household sector. Justinano, Primiceri, and Tambalotti
(2015) take a quantitative perspective and evaluate the effects of
a leveraging and deleveraging cycle in a stochastic business cy-
cle model but restrict attention to a model with only two types of
households. Huo and Rios Rull (2015) start from a Bewley model
like the one used here, but enrich it in many dimensions, mostly
introducing a frictional labor market with search and matching so
as to obtain more realistic implications for employment and hours
worked. Rognlie, Shleifer, and Simsek (2014) consider a model
with an explicit treatment of housing and residential investment,
in which the overinvestment in housing during the boom causes a
slow recovery after a credit crunch. There has also been work on
the role of monetary policy in similar environments such as Buera
and Nicolini (2014) and on the role of macroprudential policies in

6. Iacoviello (2005) is an early paper that studies monetary policy in a two-
types model where households borrow to finance housing purchases, facing a col-
lateral constraint similar to that in our durable section.
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mitigating the effects of a debt-driven liquidity trap in work by
Farhi and Werning (2016) and Korinek and Simsek (2016).

The article is organized as follows. In Section II, we present
our model and characterize the steady state. In Section III, we
perform our main exercise, that is, we analyze the equilibrium
transitional dynamics after a tightening of the borrowing
limit. Section IV introduces nominal rigidities. Section V presents
some alternative calibrations. Section VI studies the effects of fis-
cal policy. Section VII presents the model with durable consump-
tion goods. Section VIII concludes.

II. MODEL

Consider an infinite horizon economy populated by a con-
tinuum of households who face uninsurable idiosyncratic income
risk. The only asset traded is a one-period risk-free bond. House-
holds can borrow up to an exogenous limit. We first analyze the
steady-state equilibrium for a given borrowing limit. Then, we
study transitional dynamics following an unexpected, one-time
shock that reduces this limit.

Households’ preferences are represented by the utility func-
tion

E

[ ∞∑
t=0

βtU (cit, nit)

]
,

where cit and nit are consumption and labor effort of household
i and β ∈ (0, 1) is the discount factor. Each household produces
consumption goods using the linear technology

yit = θitnit,

where θ it is an idiosyncratic shock to the labor productivity of
household i, which follows a Markov chain on the space {θ1, . . . ,
θS}. We assume θ1 = 0 and interpret this realization of the shock
as unemployment. For the moment, there are no aggregate shocks.

The household’s budget constraint is

qtbit+1 + cit � bit + yit − τ̃it,

where bit are bond holdings, qt is the bond price, and τ̃it are taxes.
Tax payments are as follows: all households pay a lump-sum tax
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τ t and the unemployed receive the unemployment benefit νt, that
is, τ̃it = τt if θ it > 0 and τ̃it = τt − νt if θ it = 0. Household debt is
bounded below by the exogenous limit φ, that is, bond holdings
must satisfy7

(1) bit+1 � −φ.

The interest rate implicit in the bond price is rt = 1
qt

− 1.
The government chooses the aggregate supply of bonds Bt,

the unemployment benefit νt, and the lump-sum tax τ t so as to
satisfy the budget constraint:

Bt + uνt = qt Bt+1 + τt,

where u = Pr (θit = 0) is the fraction of unemployed agents in the
population. For now, we assume that the supply of government
bonds and the unemployment benefit are kept constant at B and
ν, while the tax τ t adjusts to ensure government budget balance.
In Section VI, we consider alternative fiscal policies.

In the model, the only supply of bonds outside the household
sector comes from the government. When we calibrate the model,
we interpret the bond supply B broadly as the sum of all liquid
assets held by the household sector. The main deviation from Aiya-
gari (1994) and most of the following literature is the absence of
capital in our model.8 The standard assumption in models with
capital is that firms can issue claims to physical capital that are
perfect substitutes for government bonds and other safe and liq-
uid stores of value. This would not be a satisfactory assumption
here, since we are trying to capture the effects of a credit crisis.
A more general model of a credit crisis would have to include the
effects of the crisis on the ability of firms to issue financial claims
and on their accumulation of precautionary reserves, and it would
have to allow for imperfect substitutability between different as-
sets.9 Here we choose to focus on the household sector and we
close the model by taking as given the net supply of liquid assets
coming from the rest of the economy, B. In Section VII, we enrich

7. The presence of the unemployment benefit ensures that the natural bor-
rowing limit is strictly positive. We always set φ to values smaller than the natural
borrowing limit.

8. Huggett (1993) studies an endowment economy with no capital and no
outside supply of bonds.

9. Along the lines of models such as those mentioned in note 2.



CREDIT CRISES, PRECAUTIONARY SAVINGS 1435

the household portfolio choice by allowing households to accumu-
late both bonds and durable goods, which are a form of capital
directly employed by the households. In that setup, we introduce
imperfect substitutability between the two assets.

In our baseline model, the only motive for borrowing and
lending comes from income uncertainty. In particular, we abstract
from life-cycle considerations and from other important drivers
of household borrowing and lending dynamics, like durable
purchases, health expenses, educational expenses, and so on.
Moreover, we assume that there is a single interest rate rt, which
applies both to positive and negative bond holdings, so that house-
holds can borrow or lend at the same rate. In Section VII, we
address some of these limitations by modeling durable purchases
and introducing a spread between borrowing and lending rates.

II.A. Equilibrium

Given a sequence of interest rates {rt} and taxes {τ t}, let
Ct(b, θ ) and Nt(b, θ ) denote the optimal consumption and labor
supply at time t of a household with bond holdings bit = b and pro-
ductivity θ it = θ . Given consumption and labor supply, next-period
bond holdings are derived from the budget constraint. Therefore,
the transition for bond holdings is fully determined by the func-
tions Ct(b, θ ) and Nt(b, θ ).

Let �t(b, θ ) denote the joint distribution of bond holdings and
current productivity levels in the population. The household’s opti-
mal transition for bond holdings together with the Markov process
for productivity yields a transition probability for the individual
states (b, θ ). This transition probability determines the distribu-
tion �t+1, given the distribution �t. We are now ready to define
an equilibrium.

DEFINITION 1. An equilibrium is a sequence of interest rates {rt},
a sequence of consumption and labor supply policies {Ct(b, θ ),
Nt(b, θ )}, a sequence of taxes {τ t}, and a sequence of distri-
butions for bond holdings and productivity levels {�t} such
that, given the initial distribution �0:
(i) Ct(b, θ ) and Nt(b, θ ) are optimal given {rt} and {τ t},

(ii) �t is consistent with the consumption and labor supply
policies,
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(iii) the tax satisfies the government budget constraint,

τt = νu + rt B
1 + rt

,

(iv) the bond market clears,∫
bd�t (b, θ ) = B.

The optimal policies for consumption and labor supply are
characterized by two optimality conditions. The Euler equation,

(2) Uc(cit, nit) � β (1 + rt) Et
[
Uc(cit+1, nit+1)

]
,

holds with equality if the borrowing constraint bit+1 � −φ is slack.
The optimality condition for labor supply,

(3) θitUc(cit, nit) + Un(cit, nit) � 0,

holds with equality if nit > 0.
As we will see, a tightening of the borrowing limit makes

future consumption more responsive to income shocks, so that
agents face higher future volatility. With prudence in preferences,
this implies that the expected marginal utility on the right-hand
side of inequality (2) is higher, by Jensen’s inequality. Therefore,
for a given level of interest rates, consumption today falls, as
if there was a negative preference shock reducing the marginal
utility of consumption today. In this sense, a model with precau-
tionary savings provides a microfoundation for models that use
preference shocks to push the economy into a liquidity trap.

II.B. Calibration

We analyze the model by numerical simulations, so we need
to specify preferences and choose parameter values. We assume
the utility function is separable and isoelastic in consumption and
leisure and we normalize the time endowment to 1, so we specify

U (c, n) = c1−γ

1 − γ
+ ψ

(1 − n)1−η

1 − η
.

Our baseline parameters are reported in Table I. The time
period is a quarter. The discount factor β is chosen to yield a
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TABLE I
PARAMETER VALUES

Parameter Explanation Value Target/source

β Discount factor 0.9711 Interest rate r = 2.5%
γ Coefficient of relative

risk aversion
4

η Curvature of utility
from leisure

1.5 Average Frisch
elasticity =1

ψ Coefficient on leisure
in utility

12.48 Average hours worked
0.4 of endowment
(Nekarda and
Ramey 2010)

ρ Persistence of
productivity shock

0.967 Persistence of wage
process in Flodén
and Lindé (2001)

σε Variance of
productivity shock

0.017 Variance of wage
process in Flodén
and Lindé (2001)

π e,u Transition to
unemployment

0.057 Shimer (2005)

πu,e Transition to
employment

0.882 Shimer (2005)

ν Unemployment
benefit

0.10 40% of average labor
income

B Bond supply 1.6 Liquid assets (flow of
funds)

φ Borrowing limit 0.959 Total gross debt (flow
of funds)

Note. See the text for details on the targets.

yearly interest rate of 2.5% in the initial steady state. The coef-
ficient of risk aversion is γ = 4. Clearly this coefficient is crucial
in determining precautionary behavior, so we experiment with
different values. The parameter η is chosen so that the average
Frisch elasticity of labor supply is 1. The parameter ψ is chosen so
that average hours worked for employed workers are 40% of their
time endowment, in line with the evidence in Nekarda and Ramey
(2010).10 As we shall see, the value of ψ is relevant in determining
the shape of wealth effects on labor supply and thus the model’s
implications for employment.

10. See Prescott (2004) for a similar calibration of that parameter. Figure 1 in
Nekarda and Ramey (2010) shows about 39 weekly hours per worker in 2000–2008.
Subtracting 70 hours a week for sleep and personal care from a time endowment
of 168 hours, we obtain 39

98 = 0.40.
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The average level of θ is chosen so that yearly output in the
initial steady state is normalized to 1. The remaining moments of
the θ process are chosen to capture wage and employment uncer-
tainty. We assume that when positive, θ follows an AR1 process
in logs with autocorrelation ρ and variance σ 2

ε . The parameters
ρ and σ 2

ε are chosen to match the evidence in Flodén and Lindé
(2001), who use yearly panel data from the PSID to estimate the
stochastic process for individual wages in the United States. In
particular, our parameters yield a coefficient of autocorrelation
of 0.9136 and a conditional variance of 0.0426 for yearly wages,
matching the same moments of the persistent component of their
wage process.11 The wage process is approximated by a 12-state
Markov chain, following the approach in Tauchen (1986). For the
transitions between employment and unemployment we follow
Shimer (2005), who estimates the finding rate and the separa-
tion rate from CPS data. At a quarterly frequency, we then choose
transition probabilities equal to 0.057 from employment to unem-
ployment and equal to 0.882 from unemployment to employment.
When first employed, workers draw θ from its unconditional dis-
tribution. For the unemployment benefit ν, we also follow Shimer
(2005) and set it to 40% of average labor income.

Finally, we choose values for the bond supply B and the bor-
rowing limit φ to reflect U.S. households’ balance sheets in 2006,
before the onset of the financial crisis. Defining liquid assets
broadly as the sum of all deposits plus securities held directly
by households, the liquid assets to GDP ratio in 2006 was equal to
1.78.12 We choose B to match this ratio, computing liquid assets
as the sum of households’ positive bond holdings.13 Second, we
match debt in our model to consumer credit, which was 18% of

11. See Table IV in Flodén and Lindé (2001). Since our wage process is quar-
terly, we use the fact that the variance and autocovariance of the yearly average
of a quarterly AR1 process are given by the following expressions

1
42 (4 + 6ρ + 4ρ2 + 2ρ3)

σ 2
ε

1 − ρ2 ,

1
42 (ρ + 2ρ2 + 3ρ3 + 4ρ4 + 3ρ5 + 2ρ6 + ρ7)

σ 2
ε

1 − ρ2 ,

and match them to the corresponding yearly moments.
12. Federal Reserve Board Flow of Funds (Z.1) table B.100, sum of lines 9, 16,

19, 20, 21, 24, and 25.
13. Since gross debt is calibrated at 0.18, setting B = 1.6 yields gross positive

asset holdings equal to 1.78.
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FIGURE I

Optimal Consumption and Labor Supply in Steady State

GDP in 2006.14 We choose φ to match this ratio, computing debt
as the sum of households’ negative bond holdings. The value of φ

that we obtain in this way is equal to about one year of average
income.

II.C. Steady State

To conclude this section, we briefly describe the household
policies in steady state. Figure I shows the optimal values of con-
sumption and labor supply as a function of the initial level of bond
holdings, for two productivity levels, the lowest positive produc-
tivity level θ2 (solid line) and the average productivity level θ8

(dashed line).
Different responses at different levels of bond holdings are

apparent. At high levels of b, consumer behavior is close to the
permanent income hypothesis and the consumption function is
almost linear in b. For lower levels of bond holdings, the consump-
tion function is concave, as is common in precautionary savings
models (Carroll and Kimball 1996). The optimality condition for
labor supply implies that labor supply is a nonincreasing function
of consumption. So the relation between labor supply and bond
holdings is nonincreasing and the values of ψ and η determine

14. Also in table B.100, line 34, which essentially corresponds to total house-
hold liabilities minus mortgage debt.
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the shape of this relation. Our baseline calibration yields a con-
vex labor supply function. So labor supply is steeply decreasing
in b for low levels of b. For b large enough, labor supply hits a
corner at 0. As we will see, the shape of this function matters
for the model’s predictions regarding the aggregate response of
employment to a credit crunch. Finally, the comparison between
labor supply curves for different θ ’s reflects both substitution and
income effects at work. For most levels of b, the substitution ef-
fect dominates the income effect and higher wages are associated
with higher labor supply. For very low levels of b, however, the
income effect dominates and low-wage households supply more
hours than high-wage households.

III. CREDIT CRUNCH

We now explore the response of our economy to a credit
crunch. We consider an economy that starts at t = 0 in steady
state with the borrowing limit φ = 0.959. We then look at the
effects of an unexpected shock at t = 1 that gradually and per-
manently decreases the borrowing limit to φ′ = 0.525. The size
of the shock is chosen so that the debt-to-GDP ratio drops by 10
percentage points in the new steady state.

Starting at t = 1, the borrowing limit φt follows the linear
adjustment path

φt = max
{
φ′, φ − �φ · t

}
,

and households perfectly anticipate this path. We choose �φ so
that the adjustment lasts six quarters. Since all debt in the model
has a one-quarter maturity, a sudden adjustment in the debt limit
would require unrealistically large repayments by the most in-
debted households. An assumption of gradual adjustment of the
debt limit is a simple way of capturing the fact that actual debt
maturities are longer than a quarter, so that after a credit crunch
households can gradually pay back their debt. An adjustment pe-
riod of six quarters ensures that no household is forced into de-
fault. Default and bankruptcy are clearly an important element
of the adjustment to a tighter credit regime but are beyond the
scope of this article.

Before looking at transitional dynamics, let us briefly compare
steady states. In Figure II we plot the aggregate bond demand in
the initial steady state (solid line) and in the new steady state
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FIGURE II

Bond Market Equilibrium in Steady State

Interest rate is in annual terms.

(dashed line). Two effects contribute to shifting the demand curve
to the right. First there is a mechanical effect, as households with
debt larger than φ′ need to reduce their debt. Second there is a
precautionary effect, as households accumulate more wealth to
stay away from the borrowing limit. As the supply of bonds is
fixed at B, the shift in bond demand leads to a lower equilibrium
interest rate.

III.A. Transitional Dynamics: Interest Rate

Figure III illustrates the economy’s response to the debt limit
contraction. In the top left panel, we plot the exogenous adjust-
ment path for φt. The remaining panels show the responses of the
debt-to-GDP ratio (top right panel), the interest rate (bottom left
panel), and output (bottom right panel).

The interest rate drops sharply after the shock, going neg-
ative for the first five quarters. The interest rate overshooting
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FIGURE III

Interest Rate and Output Responses

Interest rate is in annual terms. Output is in percent deviation from initial
steady state.

after a debt contraction is our first main result. From numerical
experiments, this result seems a fairly general qualitative out-
come of this class of models and not just the consequence of our
choice of parameters. To provide some intuition, we look at some
properties of the household policy functions and of the steady-
state distributions that help explain the result.

Let us first look at the policy functions. The top panel of Fig-
ure IV plots the optimal bond accumulation bit+1 − bit (averaged
over θ ) as a function of the initial bond holdings bit, at the initial
steady state (solid blue line) and at the new steady state (dashed
red line). The function is decreasing and convex. The steeper por-
tion, for low levels of b, reflects the strong incentives to save for
households at the left tail of the distribution, who want to move
away from their borrowing limit. Notice that the convexity of the
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FIGURE IV

Bond Accumulation and Distributions in the Two Steady States

Solid line: initial steady state. Dashed line: new steady state.

bond accumulation function follows from the budget constraint,
the concavity of the consumption function and the convexity of
the labor supply function (see Figure I).

Consider next the stationary bond distributions. The bottom
panel of Figure IV shows the marginal density of bond holdings at
the initial steady state (solid blue line) and at the new steady state
(dashed red line). The two distributions have the same average, as
the bond supply is the same in the two steady states, but the new
distribution is more concentrated.15 A comparison of the policies
in the top panel helps explain why. At low levels of bond holdings,

15. Formally, the initial distribution is a mean-preserving spread of the new
distribution. We checked this property numerically plotting the integral of the
CDF of b for the two distributions and comparing them at each value of b.
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the precautionary behavior induces agents in the new steady state
to accumulate bonds faster. At high levels of bond holdings, the
low equilibrium interest rate induces agents to decumulate bonds
faster. This makes bond holdings mean-revert faster and makes
the stationary distribution more concentrated.

We are now ready to put the pieces together. In equilibrium,
aggregate net bond accumulation must be 0 as the bond sup-
ply is fixed. In steady state, this means the integral of the solid
(dashed) function in the top panel weighted by the solid (dashed)
density in the bottom panel is equal to 0. Let us make a “disequi-
librium” experiment: suppose that instead of following its equi-
librium transition path the interest rate jumped directly to its
new steady-state value at t = 1 and stayed there from then on.
Average bond accumulation could then be computed by integrat-
ing the dashed function in the top panel weighted by the solid
density in the bottom panel. This gives a positive number, because
the bond accumulation function is convex and the solid distribu-
tion is a mean-preserving spread of the dashed one. Therefore,
at the conjectured interest rate path, there is excess demand of
bonds and we need a lower interest in the initial periods to equili-
brate the bonds market. Intuitively, the economy begins with too
many households at low levels of debt, with a strong incentive
to save. This is not compensated by the presence of households
at high wealth levels, who tend to decumulate assets, due to the
convexity of the bond accumulation function. Therefore, the net
effect is to push down equilibrium interest rates. As the economy
reaches its new steady state, the lower tail of the distribution con-
verges toward higher levels of bond holdings, the saving pressure
subsides, and the interest rate goes back up.

III.B. Transitional Dynamics: Output

Next we want to understand what happens to output. The
bottom right panel of Figure III shows that output contracts by
1.1% on impact and then recovers, converging toward a level below
the initial steady state.

The output response depends on the combination of consump-
tion and labor supply decisions, with the interest rate acting as
the equilibrating price. In partial equilibrium, if the interest rate
does not adjust, a contraction in the credit limit leads to lower
consumption demand and to higher output supply, as households
adjust to the tighter limit by spending less and working more. The
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drop in the interest rate equilibrates the goods market by increas-
ing consumption and by lowering labor supply, via intertemporal
substitution channels. The market-clearing level of output can
then, in general, be above or below its new steady-state level, de-
pending on whether the adjustment is more on the consumption
side or on the labor supply side. Given our chosen parameters, the
consumption side dominates, leading to a contraction in output.

In the rest of this section, we explore in more detail the con-
sumption and employment responses.

1. Consumption Dynamics. It is useful to decompose the
consumption response in two parts: the partial equilibrium re-
sponse to the debt limit shock—keeping the interest rate at the
initial steady-state level—and the response to the endogenous
change in the interest rate path. The decomposition is presented in
Figure V. The solid line replicates the total response in Figure III,
the dashed line is the partial equilibrium response to the debt
limit shock and the dotted line is the response to the interest rate
changes.

Let us look first at the partial equilibrium response to under-
stand the forces at work. Simulations show that for a given inter-
est rate, a reduction in the debt limit leads to an approximately
uniform horizontal shift of the consumption function to the right,
by an amount approximately equal to the reduction in the debt
limit. That is, all agents, not just those at the constraint, behave as
if they had experienced a wealth reduction equal to the contraction
in the debt limit. The horizontal shift in the consumption func-
tion implies that the partial equilibrium reduction in consumption
driven by a dφ change in the debt limit is approximately equal to
MPC · dφ, where MPC is the propensity to consume out of a one-
time transfer.16 In our experiment the total change in φ is equal
to 0.43 and the MPC is equal to 0.023. The partial equilibrium
change in consumption is equal to 0.0095 ≈ 0.023 × 0.43. Since
the initial value of quarterly consumption is equal to 0.25 (as we
normalize output in the initial steady state to 1), we have a par-
tial equilibrium contraction in consumption of 0.0095

0.25 = 3.8%. The
fact that all households, not just those at the debt limit, respond
to the shock, is a distinctive feature of our modeling approach,
relative to more stylized models of household deleveraging that

16. We thank Adrien Auclert for pointing out this relation. An analytical result
that explains this relation is Proposition 1 in the Online Appendix.

file:qje.oxfordjournals.org
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FIGURE V

Consumption Response Decomposition

Percent deviations from initial steady state. Solid line: general equilibrium
response. Dashed line: partial equilibrium response to debt limit reduction. Dotted
line: response to the equilibrium sequence of interest rate changes.

simply assume two groups of households, one of which is exactly
at the constraint, as in Eggertsson and Krugman (2012). This also
has the advantage that the calibration is much less sensitive to
assumptions about the mass of agents who are at the constraint.17

The dotted line in Figure V shows that the general equilib-
rium effect of lower interest rates is strong and dampens substan-
tially the effect of the credit crunch on consumption. A drop in
the interest rate of 4.5 percentage points in the short run and 1
percentage point in the long run leads to an increase in aggregate
consumption of about 2.7 percentage points on impact.18

17. In fact, in our baseline calibration only 1% of agents start exactly at the
constraint.

18. We also performed related exercises, by looking at the effects of tem-
porary monetary policy shocks in the context of the sticky wages model of
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This discussion highlights that the MPCs and the interest
elasticity of consumption are important elements to determine
the quantitative impact of a credit tightening. In particular, our
baseline MPC is very low when compared to empirical estimates
such as in Johnson, Parker, and Souleles (2006).19 In Section V,
we experiment with alternative calibrations that feature higher
MPCs and lower interest elasticities and show that, combined
with nominal rigidities and the zero lower bound, they produce
much larger consumption contractions.

Turning to the cross-sectional predictions of the model, let us
look at the responses of consumers who start with different liq-
uid wealth holdings. In Figure VI, we plot consumption responses
for five groups. The first group includes only consumers at the
debt limit in the initial steady state, which corresponds to the
first 1% of the initial distribution. The other three groups are the
10th, 20th, and 50th percentiles of the initial wealth distribution.
The concavity of the consumption function implies that MPCs are
higher for consumers with lower initial wealth. Therefore, the par-
tial equilibrium response is larger for those consumers. Our sim-
ulations also show that the response to the endogenous interest
rate reduction is stronger for the consumers with higher wealth.20

The net effect of these differential responses is that lower wealth
consumers experience a large reduction in consumption, and
higher wealth consumers experience a moderate increase. These
cross-sectional predictions of the model are qualitatively in line
with evidence by Heathcote and Perri (2015). They use Consumer
Expenditure Survey data to show that consumers with lower ra-
tios of wealth to permanent income did experience a larger con-
traction in consumer expenditure during the 2008 recession.

2. Employment and Output Dynamics. The response of em-
ployment is also driven by partial equilibrium and general equi-
librium effects. However, to connect the labor supply response

Section IV, and obtained large elasticities of aggregate consumption to temporary
interest rate shocks (in the range of 0.35–0.5, depending on the initial condition).
These responses seem large, but it is useful to remark that they not only embed the
response of consumers to interest rate changes, but also the endogenous responses
of income. There is a growing literature on the effect of interest rates on con-
sumer spending in heterogeneous agents economies, including Auclert (2015) and
Wong (2016). Werning (2016) emphasizes the importance of taking into account
endogenous income responses.

19. Estimates in the recent empirical literature all range near 0.2.
20. The decomposition by percentile is not reported for reasons of space.
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FIGURE VI

Consumption Response by Percentile in Initial Wealth Distribution

Percent deviations from steady-state path conditional on initial wealth be-
ing in the reported percentile.

to the output response, we also need to consider compositional
effects, namely, how labor supply responses are distributed across
workers with different productivity.

Symmetrically to what happens to consumption, the partial
equilibrium effect of the reduction in the debt limit is to increase
labor supply, as workers increase work effort to reduce their debt
or increase their savings. The reduction in the interest rate has an
opposing effect, as it leads to intertemporal substitution leading
to a reduction in labor effort today. In our baseline calibration, the
first effect dominates and total hours go up, as illustrated in Fig-
ure VII. However, the compositional effect is sufficiently strong
that the total increase in hours is actually associated with a de-
crease in total output as seen in Figure III. This is due to the
fact that hours worked increase for low-productivity workers at
the bottom end of the bond distribution, who are closer to the
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FIGURE VII

Employment Response

Percent deviations from initial steady state.

borrowing limit and are least interest-sensitive, whereas hours
worked drop for high-productivity workers with high bond hold-
ings, who are farther from the debt limit and are more interest-
sensitive. So behind the drop in output there is a compositional
effect and a drop in average labor productivity.21

The prediction of an aggregate increase in hours worked is in
part due to the fact that we have introduced no frictions on the
supply side of the model. A first step in this direction will be to
introduce nominal wage rigidities and the zero lower bound in the
next section. As we shall see, that will not be enough to produce
a contraction in employment in our baseline calibration, but it
will produce a contraction once we experiment with alternative
calibrations in Section V.

21. This compositional effect is closely related to the steady state labor misal-
location analyzed in Heathcote, Storesletten, and Violante (2008).
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IV. NOMINAL RIGIDITIES AND THE ZERO LOWER BOUND

Under flexible prices, the real interest rate is free to adjust
to its equilibrium path to equilibrate the demand and supply of
bonds, or—equivalently—the demand and supply of goods. In this
section we explore what happens in a variant of the model with
nominal rigidities. In the presence of nominal rigidities, the cen-
tral bank can affect the path of the real interest rate by setting
the nominal interest rate. However, the presence of the zero lower
bound implies that the central bank may not be able to repli-
cate the real interest rate path corresponding to the flexible price
equilibrium. Therefore, a credit crisis that produces a large drop
in real interest rates under flexible prices can drive the economy
into a liquidity trap and into a recession under sticky prices.

To introduce nominal rigidities, we consider a simple model
with nominal wage rigidity. Namely, we assume that nominal
wages are fixed at W. We interpret the shock θ it as a shock to
the efficiency of household i’s labor and assume that workers are
hired by competitive firms that produce consumption with a lin-
ear technology. Therefore, constant nominal wages translate into
a constant nominal price level. To clear the labor market, we in-
troduce a wedge in labor supply decisions, which is a simple way
of capturing a labor market friction that rations the labor input
in response to low aggregate demand for goods. In particular, we
denote the wedge with ωt and replace the optimality condition (3)
with the optimality condition:

(4) (1 − ωt)θitUc(cit, nit) + Un(cit, nit) � 0.

The budget constraint and the optimality condition for bond hold-
ings are unchanged.

How does an equilibrium with fixed wages work? Since the
price level is constant, the nominal interest rate is equal to the
real interest rate. The central bank, by choosing a sequence of
nominal interest rates, chooses a sequence of real rates rt. We
assume that the central bank sets the interest rate rt to replicate
a flexible price allocation whenever possible, that is, to reach an
allocation with ωt = 0. The only constraint for the central bank is
the zero lower bound, that is, the interest rate cannot go negative.
Therefore, we define an equilibrium in this section as given by two
sequences {rt, ωt} such that rt � 0, ωt � 0, and at least one of these
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two conditions holds as an equality.22 The remaining equilibrium
conditions are as in Definition 1.

The assumption of fixed wages is clearly an extreme form of
nominal rigidity and it is made here to simplify the analysis. No-
tice however that at the zero lower bound, the assumption of fixed
prices is actually a conservative assumption, as the deflation trig-
gered by output below its natural level has an amplifying effect
in the standard new Keynesian model, given that deflation leads
to a lower real interest rate (as the nominal rate is unchanged at
zero). This amplifying effect is well understood in the recent liter-
ature on the zero lower bound, and we simply keep it muted here
by having constant prices.23 Another amplifying effect of deflation
ignored here has to do with Fisher’s debt deflation channel, which
we analyze in Section VI.

There are alternative ways of incorporating nominal rigidi-
ties in the model. In the working paper version of this article
(Guerrieri and Lorenzoni 2011), we use monopolistic competition
and sticky prices. The reason we use sticky wages here is because
under sticky prices the presence of firms’ monopoly profits intro-
duce firms’ ownership shares as an additional asset. Moreover,
since real wages need to fall in a recession, the value of this asset
increases automatically in recessions, a mechanism we don’t find
plausible. As it turns out, for the exercises conducted here, the
choice of the form of nominal rigidity does not affect the results.
There are also different ways of dealing with rationing in the la-
bor market in a demand-determined model. Here we assume that
labor is reallocated so that all workers face the same wedge.24

Figure VIII shows what happens to interest rates and output
under fixed wages. The solid line is the flexible price baseline. The
dashed line is the equilibrium with fixed wages. The presence of
the zero lower bound implies that consumption, and thus output,
drop more when the shock hits. This also implies that the adjust-
ment of the wealth distribution is slower, since incomes are lower
in the short run, which slows down bond accumulation for poorer
households. We can see the effects of this slower wealth adjust-
ment in the interest rate dynamics: in period 7 the interest rate

22. The reasoning behind this definition is that whenever ωt > 0 and rt > 0
the central bank can lower the rate rt, increase output and employment, and thus
decrease ωt.

23. See, for example, Eggertsson and Woodford (2003b).
24. Werning (2016) uses a proportional rationing rule.
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FIGURE VIII

Responses with Fixed Wages

Solid line: flexible price economy. Dashed line: economy with fixed wages.
Interest rate in annual terms. Output in percent deviation from initial steady
state.

would be positive in the flexible price regime, but is still stuck at
zero in the fixed wage regime. The presence of the zero lower bound
slows down the deleveraging process for the household sector, but
this slow adjustment is not a positive symptom, since it comes
from depressed incomes, not from a milder consumption drop.25

Notice that in our baseline calibration the effects of the zero
lower bound are not large. Moreover, the response of aggregate
employment is still positive, as in the flexible price case. In the
next section we explore alternative calibrations that yield larger
consumption contractions and also employment reductions.

V. ALTERNATIVE CALIBRATIONS

We now consider some alternative calibrations that illustrate
how the model’s aggregate implications are sensitive to parameter
choices. The parameters of all the calibrations in this section are
in the Online Appendix (Tables 1 and 2).

V.A. Targeting Median Liquid Wealth

First we consider what happens when we target a differ-
ent moment of the wealth distribution. The baseline model, as is

25. The slow adjustment of the wealth distribution as a source of propagation
also distinguishes our exercise from Eggertsson and Krugman (2012), where the
adjustment takes place in one period.

file:qje.oxfordjournals.org
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FIGURE IX

Interest Rate and Output: Median Wealth Calibration

Solid line: flexible price economy. Dashed line: economy with fixed wages.
Interest rate in annual terms. Output in percent deviation from initial steady
state.

common in this class of models, does not match well the fat right
tail of the empirical wealth distribution.26 An implication of this
is that if we calibrate B to target average wealth, median house-
holds’ wealth in the model is unrealistically large. Therefore, our
first experiment is to target median liquid wealth instead of av-
erage liquid wealth. Namely, we match median holdings of liquid
assets of U.S. households from the 2001 Survey of Consumer Fi-
nances (SCF). We define liquid assets as the sum of all deposits
plus securities held directly by households. Median liquid assets
holdings are $2,726 and taking the ratio of this value to average
labor income in the same sample yields 5.2%. The value of median
bond holdings over average output in the model is matched to this
number.27

The results for this alternative calibration, under flexible
prices (solid lines) and under fixed wages (dashed lines), are re-
ported in Figure IX. The flexible price interest path drops now
much more sharply below zero after the shock and converges to a

26. Carroll (1997) and Quadrini (1999) discuss this issue focusing on the
distribution of total (liquid and illiquid) wealth. A similar issue arises if we restrict
attention to the distribution of liquid wealth.

27. A similar calibration strategy for liquid wealth is adopted in Kaplan and
Violante (2011).
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FIGURE X

Interest Rate, Output, Employment: Low ψ Calibration

Interest rate is in annual terms. Output is in percent deviation from initial
steady state.

negative number close to 0 in the long run.28 This implies that the
zero lower bound has more dramatic effects on consumption dy-
namics, leading to a much larger and more persistent output drop
compared to our baseline calibration. An important difference be-
tween this calibration and the baseline is that by targeting lower
wealth levels, this calibration implies that households are more
impatient (lower β). This yields a higher average MPC equal to
0.0422, getting us closer to available empirical estimates.29 The
discussion in Section III.B helps explain why larger MPCs lead to
larger consumption responses, especially when the interest rate
is not allowed to adjust downard.

V.B. Exploring Employment Responses

Now we want to better understand the determinants of the
labor supply response reported in Figure VII. In particular, we
focus on the shape of the labor supply policy function. In our
baseline calibration this function is convex (see Figure I), which
implies that households at low levels of wealth respond to a
negative wealth shock with a large increase in labor supply. In
Figure X we plot the interest rate, output and employment for an
alternative calibration in which the labor supply policy is concave
at low levels of wealth. The parameters for this calibration are

28. In this simulation the long-run interest rate is close enough to 0 that the
long-run implications with or without nominal rigidities are indistinguishable. On
negative rates in the long run, see the following discussion.

29. This is still lower than available estimates. Kaplan and Violante (2011)
propose a model that reconciles Bewley-Aiyagari models with high observed MPCs.
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FIGURE XI

Interest Rate, Output, Employment: Median Wealth and Low ψ Calibration

Solid line: flexible price economy. Dashed line: economy with fixed wages.
Interest rate is in annual terms. Output is in percent deviation from initial steady
state.

obtained reducing the maximum time endowment used to cali-
brate ψ . In particular, we assume that the weekly endowment
equals 50 hours instead of 98 hours, so our target for hours worked
is 0.8 instead of 0.4 of the time endowment (see note 10). Figure
1 in the Online Appendix shows that this calibration delivers a
concave labor supply policy function for low levels of wealth. The
reason is simply that poor agents are closer to the maximum time
endowment, so they have limited room to respond with an increase
in hours.

Figure X shows that this calibration delivers an employment
reduction together with the output reduction. The compositional
effect is still present, so average productivity decreases, although
less than in the baseline. Notice that this calibration also affects
the model’s implications for how consumption and output respond
to interest rates, so in equilibrium the model delivers a much
lower interest rate response and the natural interest rate only
goes below 0 for one period. Therefore, it is interesting to also
consider a calibration that combines the two ingredients discussed
so far in this section, both targeting a lower wealth level and a
lower value of ψ . The results for this calibration are plotted in
Figure XI.

In this calibration the permanent credit contraction leads
to a natural interest rate that is permanently negative, so this
economy is affected by what Summers (2014) recently dubbed
“secular stagnation.” A precautionary saving model without cap-
ital can easily produce a negative natural rate in the long run,

file:qje.oxfordjournals.org
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FIGURE XII

Interest Rate and Output Responses: γ = 6 Calibration

Interest rate is in annual terms. Output is in percent deviation from initial
steady state.

but the full analysis of its implications for the secular stagnation
hypothesis is outside the scope of this article.30

V.C. Risk Aversion

To further investigate the consumption response, it is useful
to experiment with different values of γ . Figure XII shows the
behavior of the interest rate and output in the baseline with γ = 4
(solid lines) and in an alternative calibration with γ = 6 (dashed
lines).31 Different effects are at work here. On the one hand, the
effect of higher risk aversion is to make the precautionary ef-
fect weaker and thus the consumption policy more concave. On
the other hand, higher risk aversion also implies that consumers
tend to borrow less in the initial steady state, so the initial dis-
tribution displays fewer agents near the borrowing limit. These
two effects go in opposite directions, the first increasing and the
second decreasing the initial shift in consumer demand. Finally,
an increase in γ also implies a lower elasticity of intertemporal
substitution, which implies that consumer demand is less inter-
est rate elastic. The net effect is that we obtain a larger drop in
the interest rate and output. However, since opposing effects are

30. Eggertsson and Mehrotra (2014) is the first paper to model the secular
stagnation hypothesis using an overlapping generations model.

31. Calibrated parameters are reported in Online Appendix Table 2.

file:qje.oxfordjournals.org
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present the relation between γ and the initial drop in the interest
rate and output is in general nonmonotone.

VI. FISCAL POLICY

We now explore the role of fiscal policy in mitigating the re-
cession. In particular, we focus on the effects of simple transfers
financed by an increase in government debt. Such transfers have
an effect in the economy analyzed here because Ricardian equiv-
alence does not hold, due to heterogeneity, uninsurable income
risk, and borrowing constraints.

Since we have lump-sum taxation, in our environment an
equivalence result holds between public and private supply of liq-
uidity. Namely, there exists a sequence of lump-sum taxes τ t and
government bond supplies Bt that exactly offsets changes in the
borrowing limit φt.32 Basically, the government can neutralize the
effects of a credit shock by transferring to the agents resources
equivalent to their loss in borrowing capacity and financing the
transfer through government borrowing. This is a common re-
sult in this class of models and clearly derives from a number of
simplifications, like abstracting from distortionary taxation and
assuming government debt is always default-free. Therefore, for
the sake of realism, here we look at the effects of policies that
only partially offset the long run change in φ, possibly because of
unmodeled concerns with the costs of a higher debt level in the
long run.33 The main objective of these experiments is to show
that the way the transfers are implemented matters greatly for
their impact.

In Figure XIII, we compare two transfer policies, one where
the government temporarily reduces the lump-sum tax τ for all
households and another where the government temporarily raises
the unemployment benefit. We fix the sequence of government
deficits by assuming the bond supply follows the path

Bt = ρt
bB+ (

1 − ρt
b

)
B′,

where B′ is the new long-run level of Bt and is 20% higher than
in the initial steady state and where ρb = 0.95 determines the
speed of adjustment of Bt. We then consider two different ways of

32. The result is stated formally in Proposition 3 in the Online Appendix.
33. Aiyagari and McGrattan (1998) study the trade-off between distortionary

taxation and the self-insurance benefits of government bonds in steady state.

file:qje.oxfordjournals.org
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FIGURE XIII

Fiscal Policy

Solid line: baseline. Dashed line: temporary reduction in lump-sum tax.
Dotted line: temporary increase in unemployment benefits. Interest rate is in
annual terms. Output is in percent deviation from initial steady state.

spending the associated deficit. First, we consider a policy where
the unemployment benefit is kept constant and the tax τ t adjusts.
Second, we consider an increase of the unemployment benefit by
50% for the first two years after the shock. Afterward, the un-
employment benefit reverts to its initial value and throughout
the transition path τ t adjusts to satisfy the government budget
constraint. The solid lines in Figure XIII plot the baseline with
no fiscal policy response, the dashed lines represent the case of
a temporary transfer to all households, and the dotted lines the
case of a temporary increase in the unemployment benefit νt.

The figure shows that increasing the supply of government
bonds dampens the responses of both interest rates and output.
Moreover, increasing the unemployment benefit in the short run
has larger effects than reducing the lump-sum tax because it is a
policy targeted toward households that are more likely to be credit
constrained.

It is useful to notice that an increase in the stock of govern-
ment debt per se is not necessarily helpful in this economy. A
particularly bad way of increasing the real stock of government
debt in this economy is the combination of nominal debt and defla-
tion. To show this, in Figure XIV we present a simple experiment
in which we assume that all debt (private and public) is in nominal



CREDIT CRISES, PRECAUTIONARY SAVINGS 1459

FIGURE XIV

Deflation: the Fisher Effect

Solid line: baseline. Dashed line: 10% deflation at t = 0. Interest rate is in
annual terms. Output is in percent deviation from initial steady state.

terms and there is an unexpected 10% reduction in the price level
at date t = 0. After that, the price level is constant. The effects of
this deflation is to increase the real debt burden of the indebted
households and revalue the bond holdings of the household with
positive savings. This leads to a sharper contraction in the inter-
est rate and output in the short run. The logic behind this figure
is in line with Fisher’s (1933) theory of debt deflation.

To conclude on monetary and fiscal policy, let us add that in
this article we do not analyze the effects of quantitative easing
as a possible intervention. It would not be too difficult to add an
explicit model of money demand to the model, which would pro-
vide an explicit justification for the zero lower bound. However, at
the zero lower bound, exchanges of money for short-term govern-
ment bonds would be perfectly neutral, as the two assets would
be perfect substitutes. Therefore, to introduce quantitative easing
requires the introduction of additional assets that are less liquid
than the one-period safe bonds in the model and that the cen-
tral bank can exchange money (or short-term bonds) for these less
liquid assets. Such an extension is beyond the scope of this article.

VII. DURABLE GOODS

In this section, we extend the model adding durable goods.
A large part of household borrowing is associated with durable
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purchases and takes the form of secured debt, with durables as
collateral. Therefore, a model with durables is more realistic in
capturing both the motive for borrowing and the nature of the
credit limit. The extended model is discussed briefly here and
treated in detail in the Online Appendix.

A model with durables enriches the household portfolio de-
cision. As durables offer an alternative store of value, when the
precautionary demand for assets increases, it can be directed not
only toward bonds but also toward durables. This can potentially
lead to an increase in durable accumulation as a result of an in-
crease in precautionary savings. An opposing force is at work on
the borrowers’ side: reduced credit access implies that borrowers
need to sell durables to reduce their debt. This leads to durable
goods decumulation. Whether the force on the savers’ side or on
the borrowers’ side dominates depends on the model parameters
and on the nature of the shock hitting the economy, as we will see
shortly.

Households’ portfolio decisions are also affected by the fact
that durables are a less liquid form of savings than bonds. To cap-
ture the illiquidity of durable goods, we assume that households
face a discount when reselling durables. When households build
up precautionary reserves following a credit shock, they tend to
prefer more liquid assets, favoring bonds over durable goods. This
reduces the increase in durable demand by savers and tends to
generate an overall reduction in durable purchases. The interest-
ing finding here is that in a model with liquid and illiquid assets a
credit shock can lead, at the same time, to an increase in demand
for the liquid asset and to a reduction in demand for the illiquid
asset.

In the extended model, households consume nondurables cit
and receive services, one for one, from the stock of durables kit.
Durables depreciate at the rate δ and the household incurs a pro-
portional reselling cost ζ · (kit − kit+1) when it decides to reduce
its durable holdings. The parameter ζ controls the degree of illiq-
uidity of durable holdings. The borrowing constraint is now

(5) bit+1 � −φkkit+1,

so all household debt is collateralized by durables. The parameter
φk is the fraction of the value of the durable that can be used as
collateral.

file:qje.oxfordjournals.org
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The extended model also features a spread between borrow-
ing and lending interest rates. Specifically, if the household is a
net seller of bonds (bit+1 < 0), the household needs to buy interme-
diation services from a competitive banking sector. The banking
sector faces linear intermediation costs, at a rate of χ per unit
of bonds issued. This implies that households receive a net price
q̂t = (1 − χ ) qt per bond issued and banks make zero profits.

The production side of the model and the supply of bonds
by the government are as in the benchmark model. Durable and
nondurable goods are produced with the same technology, so the
relative price of durables is 1.

VII.A. Credit Crunch

The calibration parameters are presented in the Online Ap-
pendix. Here we show the outcomes of two different credit-
tightening exercises by looking at the effects of a permanent re-
duction in the borrowing limit φk and of a transitory increase in
the spread χ . As in our baseline exercise, the aggregate shocks
are unexpected and hit the economy in steady state.

Figure XV shows the response to a permanent contraction in
the borrowing limit φk from 0.8 to 0.56, which yields a 10 per-
centage point reduction in the household debt-to-GDP ratio from
54% to 44%. The contraction in φk is gradual and follows a lin-
ear path that lasts six quarters. The contraction in the interest
rate is less strong than in our baseline exercise and output ac-
tually increases by 0.4%. The reason behind these results is that
durable purchases are very interest elastic. So a smaller interest
rate reduction is sufficient to equilibrate the goods market and
yields higher total spending in equilibrium. This is confirmed by
the bottom right panel of Figure XV, which shows that there is
a contraction in nondurable spending, similar in size to the con-
traction obtained in our baseline, but the contraction is more than
compensated by a 4% increase in durable spending.

Numerical experiments show that this increase in durable
spending is due to the endogenous reduction in the interest rate.
A simple disequilibrium exercise shows that durable spending
would drop by about 18% if the interest rate adjusted immedi-
ately to its new long-run level, which is 2.2%. A short-lived drop
in the interest rate to 0.9% is sufficient to turn a 18% contrac-
tion in durable spending into a 4% increase. This may seem an
unrealistically large interest elasticity of durable spending which
indicates that in our model bonds and durables remain very good

file:qje.oxfordjournals.org
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FIGURE XV

Responses to a Shock to the Borrowing Limit φk

Interest rate is in annual terms. Quantities are in percent deviation from
initial steady state.

substitutes, despite the illiquidity cost. This points in the direc-
tion of extending the model using alternative specifications of the
durables adjustment cost or accounting explicitly for the price risk
associated with durable purchases (especially of housing), to re-
duce the substitutability between the two assets.34 We leave these
developments to future work.

Our second experiment is to look at a transitory increase in
the intermediation cost by 6 percentage points at an annual rate.
We assume the shock decays geometrically with a rate of decay

34. In particular, models with fixed costs of adjustment can potentially intro-
duce more sluggish responses of durable spending to changes in the interest rate,
as shown by Berger and Vavra (2015).
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FIGURE XVI

Responses to a Temporary Shock to the Intermediation Cost χ

Interest rate is in annual terms. Quantities are in percent deviation from
initial steady state.

of 0.6.35 This implies that the rate on a one-year loan goes up by
about 3.9% in the first quarter after the shock. In constructing
this shock we follow Hall (2011a) who argues that it is a reason-
able representation of the credit shock in U.S. financial markets
in 2008–2009. The responses are in Figure XVI. The shock has
a much larger, but short-lived effect on quantities, with a 3.5%
output drop. Unlike in the case of a shock to the credit limit, the
adjustment is now all in durables (−17.2%), while nondurables
are essentially unchanged. The crucial difference is that a spread
shock is more pervasive, because it affects all borrowers and not
just those near the borrowing limit. This explains why it leads
to a contraction in durable purchases (as borrowers far from the
borrowing limit also find it more costly to finance durable pur-
chases) and why we have a smaller response of nondurables (as

35. That is, we have χ t = 0.0025 + 0.015 · 0.6−(t−1), for t = 1, 2, ....
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borrowers far from the borrowing limit have lower marginal
propensities to consume). This shock is sufficiently large to drive
the interest rate into negative values. In the Online Appendix we
show that introducing nominal rigidities leads to a larger output
contraction of 9.7%.

VIII. CONCLUDING REMARKS

We have proposed a model with uninsurable idiosyncratic
risk to show how a credit crunch can generate a recession with
low interest rates, due to a combination of debt repayments and an
increase in precautionary savings. This helps explain why reces-
sions driven by financial market trouble are more likely to drive
the economy into a liquidity trap.

A simplifying assumption in our model is that the unemploy-
ment risk is exogenous and not affected by the credit crunch. It
would be interesting to develop a version of the model with an
explicit treatment of labor market frictions, in which the labor
market response to a drop in consumer demand leads to an en-
dogenous increase in unemployment.36

Finally, a missing element in the analysis is capital. Adding
capital to the model requires a theory of why claims to physical
capital cannot be costlessly transformed into perfectly liquid as-
sets like the bonds of our model. A way to move in this direction
would be to combine our analysis of the household sector with
financial frictions on the firms’ side or a richer model of interme-
diation.

UNIVERSITY OF CHICAGO AND NBER
NORTHWESTERN UNIVERSITY AND NBER

SUPPLEMENTARY MATERIAL

An Online Appendix for this article can be found at The Quar-
terly Journal of Economics online.

36. Krusell, Mukoyama, and Sahin (2010) introduce search frictions in an
Aiyagari (1994) incomplete markets environment. Hall (2011c) discusses ways of
adding search frictions to monetary environments with a binding zero lower bound
on the nominal interest rate.
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