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Abstract

We use a heterogeneous-agent model, in which labor income is
risky and markets are incomplete, to analyze consumer debt portfolios
of secured and unsecured debt in the US. Compared with previous
research, we emphasize the role of durables which not only generate
utility but also serve as debt collateral. This allows a meaningful joint
analysis of secured and unsecured debt and introduces endogenous
bankruptcy costs: durables need to be sold to service secured debt
in bankruptcy procedures which implies forgone durable utility since
adjusting durables is costly. We solve the model numerically and apply
it to understand bankruptcy and consumer debt portfolios in the US
and their evolution over time.
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1 Introduction

Consumer debt has increased substantially in the last decades. In terms of
disposable personal income, debt has risen from 60% to above 100% since
the 1980s in the US (Dynan and Kohn, 2007) and a similar steep upward
trend can be observed for the UK (Tudela and Young, 2005, and Waldron
and Zampolli, 2007) and many other developed countries. These higher debt
levels have been accompanied by substantial increases of unsecured credit-
card debt and consumer bankruptcy �lings (although starting from small
levels). Unsecured debt as a fraction of disposable income in the US rose
from 5 to 9% in the period 1983 to 1998 (Livshits et al., 2007a, Figure 3) at
the same time as the bankruptcy incidence of US households increased from
0.2% to 1.5% where households defaulted on approximately $120 billion or
$1,100 per household each recent year (White, 2006).
In this paper we use a model in which labor income is risky and markets

are incomplete to analyze the determinants of the observed increase in debt
and bankruptcy incidence in the US. Compared with previous research, we
emphasize the role of durables which do not only generate utility but also
serve as debt collateral. This allows a meaningful joint analysis of secured
and unsecured debt and thus consumer debt portfolios. Moreover, durables
introduce an endogenous bankruptcy costs: durables need to be sold to ser-
vice secured debt in bankruptcy procedures which implies forgone durable
utility because adjusting durables is costly.
Since two thirds of bankrupt consumers mention job related problems

like wage cuts or unemployment, a natural framework for our analysis is a
setting in which uninsurable income �uctuations are the main source of risk
which consumers face in the economy. If markets are incomplete, consumers
cannot fully insure this risk and di¤er from each other as they experience dif-
ferent histories of shocks. Micro-founded heterogeneous-agent models with
these characteristics have been pioneered by Bewley (1986), Deaton (1991),
Aiyagari (1994) and Carroll (1997) and have attracted substantial attention
in recent years. For our purposes, such a model allows us to analyze how ex-
ogenous changes of the economic environment, which we will discuss in some
detail below, alter the steady-state wealth distribution and more interestingly
the composition of debt portfolios and bankruptcy �lings.
Whereas the classic heterogeneous-agent models assumed that consumers

borrow or save in terms of one risk-free asset, recent research by Athreya
(2002), Chatterjee, Corbae, Nakajima and Ríos-Rull (2007) and Livshits,
MacGee and Tertilt (2007b) has extended these models to unsecured debt.
This research di¤ers with respect to how the pricing of unsecured debt and
length of the horizon of consumers is modelled (in�nite or �nite life-cycle)
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but in all of the analyses bankruptcy occurs in equilibrium because debt con-
tracts cannot be conditioned on the uncertain realization of labor earnings
(see also the survey of Athreya, 2005).1 Importantly, these models assume
that consumers only have access to unsecured debt. In this paper we relax
this assumption and allow for an endogenous debt composition: consumers
can take on secured debt like mortgages, which are collateralized by durable
holdings, and unsecured debt like credit-card debt. To the best of our knowl-
edge only Athreya (2006) distinguishes secured and unsecured debt but does
not model durable holdings explicitly.2 In his model the collateral is ex-
ogenous whereas consumers in our model endogenously accumulate durable
collateral which also generates utility. This modeling of durables is closest
to Fernández-Villaverde and Krueger (2005) who, however, do not allow for
equilibrium bankruptcy and unsecured debt (see also Kiyotaki, Michaelides
and Nikolov, 2007).
Our analysis of the evolution of the debt portfolio is most closely related to

the analyses of unsecured-debt trends by Athreya (2004), Livshits, MacGee
and Tertilt (2007a) and Mateos-Planas (2007). The main contribution of
our paper is that we explicitly model durables which allows us to distinguish
secured and unsecured debt. The advantages of analyzing durables, secured
and unsecured debt simultaneously are at least threefold. The �rst advan-
tage is that the model has an additional margin of substitution in the debt
portfolio, between secured and unsecured debt. That margin not only adds
realism but also allows to distinguish between various explanations for the
upward trend in unsecured debt and the bankruptcy incidence. The second
advantage is more realism in a key aspect of the analysis: quantitatively,
most of consumers�total debt holdings are secured debt. Credit-card debt
instead accounts for at most 15% of total debt holdings in the Survey of
Consumer Finances (SCF) 2004. Thus, a quantitative model of household
debt needs to explain not only the evolution of the aggregate debt position
but also the share of secured and unsecured debt. This is particularly im-
portant for the predictions of the model concerning consumer bankruptcy
because only unsecured debt can be discharged in bankruptcy proceedings.
The third advantage is that the explicit modeling of durables introduces an
endogenous bankruptcy cost which has been neglected in previous research.
Since some of the durable is seized to satisfy creditors�claims and adjusting
the durables is costly, that cost depends on the size of the consumers�durable

1If contracts can condition on the current endowment, no default occurs in equilibrium
since the agent with a high earnings draw is made just indi¤erent between sharing risk
and autarky. See Kehoe and Levine (2001) and their references.

2Pavan (2005) estimates a structural model of consumer bankruptcy with an endoge-
nous durable stock but does not distinguish between secured and unsecured debt.
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stock and secured debt.
In our quantitative application we �nd that the observed fall of lending

and borrowing rates are key ingredients to match the observed upward trend
in consumer debt, the stable share of secured debt and the slight fall of gross
�nancial wealth for consumers that are between 20 and 55 years old. Our
model has di¢ culties, however, to match the strong observed upward trend
in the bankruptcy incidence.
The rest of this paper is structured as follows. In Section 2 we present

empirical facts which are instructive for our analysis. In Section 3 we present
the model, its numerical solution and calibration. In Section 4 we then apply
the model to study the evolution of debt portfolios and bankruptcy �lings in
the US. We conclude in Section 5.

2 Empirical facts

In this section we summarize facts on the US consumer bankruptcy law, the
wealth and debt composition and bankruptcy �lings in the period 1983 to
2004.

2.1 US consumer bankruptcy law

Bankruptcy in the US is regulated by the Federal Bankruptcy Act of 1978,
which contains two chapters relevant for non-farming households. Consumers
can choose to �le for personal bankruptcy under either Chapter 7 or under
Chapter 13. We now summarize the main features of these two chapters
which are relevant for our analysis. See Sullivan, Warren and Westbrook
(1999) for further details.
Under chapter 7 of the bankruptcy act, the debtor can write o¤ his un-

secured debts (except alimony, child support, taxes, and student debts) but
must surrender all his assets except for speci�ed exempt amounts. Most of
the bankruptcy exemptions are in terms of durable wealth, vary across US
states and can be substantial: in Texas or Florida, for example, consumers
can keep their house if they �le for bankruptcy. Secured creditors�claims,
however, have priority and override bankruptcy exemptions.
Under Chapter 13, the debtor agrees to a repayment schedule for part or

all of the debt and retains his assets. The repayment plan usually is speci�ed
for three years but can take up to �ve years. Importantly, the debtor cannot
repay less under chapter 13 than what creditors would get paid under chapter
7. Hence, we focus on chapter 7 in our model since it places a lower bound on
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the unsecured-debt claims of the creditors.3 This is not a strong restriction
since most consumers which �le for bankruptcy do so under chapter 7 (70%)
and many of the repayment plans initiated under chapter 13 fail and are later
converted into chapter 7. If consumers �le for bankruptcy under chapter 7,
the procedure, on average, is completed in four month. Consumers then carry
a bankruptcy �ag in their records for up to ten years and are not allowed to
�le for bankruptcy again in the next six years.
In the period 1983 to 2004, which is of interest when we match the model

to the data, there have been some changes to the legislation in 1984 to make
�ling for bankruptcy more restrictive. In practice, however, this has had
little impact on the workings of the procedure (Sullivan et al., 2000). The
only signi�cant reform took e¤ect after the period for which we have data
when income testing was introduced at the end of 2005. Hence, the federal
bankruptcy regulation has remained roughly unchanged in the period 1983-
2004.

2.2 The evolution of debt portfolios and bankruptcy
�lings

We compare the asset and debt portfolios of US consumers in 1983 and 2004.
We have chosen these two dates because they span the time period in which
detailed comparable data on consumers�net worth is recorded in the triennial
Survey of Consumer Finances (SCF). The SCF has been widely used as it
provides the most accurate information on consumer �nances in the US. The
data collectors of the Federal Reserve System pay special attention in their
sampling procedures to accurately capture the right tail of the very right-
skewed wealth distribution (see Kennickell, 2003, and the references therein).
Both years, 1983 and 2004, are after a trough in the US business cycle (1982
and 2001 according to the NBER de�nition) so that changes re�ect long-term
trends rather than cyclical variation.

3If housing wealth is illiquid and adjustment is costly, some debtors may prefer to �le
under chapter 13 as this allows them to keep their homes. This is especially relevant in
US states in which these homes are not (fully) exempt under chapter-7 bankruptcy �lings.
We abstract from such complications in this paper.
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We largely follow Budría Rodríguez, Díaz-Giménez, Quadrini and Ríos-
Rull (2002) and Díaz-Giménez, Quadrini and Ríos-Rull (1997) in construct-
ing measures for wealth and labor earnings in the US. Net worth is de�ned as
the sum of net �nancial assets and non-�nancial assets. We account for dif-
ferences in household size using an equivalence scale as reported in Krueger
and Fernández-Villaverde (2007), Table 1, last column. To make the empir-
ical data comparable with the data generated by the model, we normalize
all variables by average net labor earnings in our sample.4 More precisely,
we use SCF data on gross labor earnings and the NBER tax simulator de-
scribed in Feenberg and Coutts (1993) to construct a measure for disposable
labor earnings after taxes and transfers for each household in 1983 and 2004.5

Arguably, after-tax rather than pre-tax earnings matter for households�con-
sumption decisions since some of the uninsurable labor earnings risk may be
eliminated by redistributive taxes and transfers. More detailed information
on how we construct the data is contained in the data appendix.
We focus on households with heads between age 20 and 74, where, as in

the model, we divide this age range into 15 three-year age intervals between
age 20 and 65 and one last sixteenth interval between age 65 and 74. We
compute sample averages for these age intervals which we then regress on
a cubic polynomial of the age groups for 1983 and 2004, respectively. The
resulting predictions allow us to construct smooth life-cycle pro�les.
Table 1 displays the means of these life-cycle pro�les until age 55 in 1983

and 2004.6 We calibrate the model to match these means because our model
abstracts from death before age 74 and this is a good approximation for the
data only up to a certain age. Allowing for a positive probability of death
in all stages of the life cycle would unnecessarily complicate the modeling
of bankruptcy further. We now discuss the means and trends of interest for
consumers with age 20-55.

� The increase of gross debt and durable wealth and the fall in net-
�nancial wealth.

Gross household debt increased by 72% between 1983 and 2004 for con-
sumers between age 20 and 55, amounting to twice average net-labor earnings

4When computing the statistics in the data, we use the sampling weights provided in
the SCF. The normalization by net labor earnings and the use of equivalence scales implies
that normalized (aggregate) wealth is about twice the wealth to output ratio.

5We use the programs provided by Kevin Moore on http://www.nber.org/~taxsim/ for
constructing the SCF data in 1983 and 2004 which are fed into the tax simulator on the
NBER website.

6These means are not weighed by age-cell size, since the population in the model has
the same size over the life-cycle. Hence, we also assign the same weight to each age cell in
the data.
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in the 2004 sample. Since many households hold positive �nancial assets and
debt at the same time, however, the relevant measure of �nancial debt is
the aggregated net-�nancial asset position if �nancial assets and debt have
approximately the same liquidity.7

As Table 1 shows, net �nancial assets (in terms of average net labor
earnings in the sample) have fallen by more than 100% between 1983 and
2004, thus showing the same trend as gross debt, after aggregating �nancial
assets and liabilities.8 Non-�nancial worth, of which a big component is
housing, has increased by about 20% between 1983 and 2004. Since total
net worth has increased by 7.5% and much of the debt is collateralized by
durables, the increase in gross debt which has received substantial attention
(see, for example, Iacoviello, forthcoming), has to be put in perspective.

� The rather stable debt composition over time.

We de�ne secured debt as debt secured by land or housing, installment
credit and other consumer loans which may be secured by purchased durables,
such as cars or furniture, and exclude only credit-card and other �nancial
debt in the SCF. Table 1 shows that secured debt accounts for 84% of total
debt in 1983 and 2004, respectively, and thus does not exhibit a signi�cant
time trend. Unsecured credit-card debt as a fraction of total debt has in-
creased by 3 percentage points between 1983 and 2004. As we will see below,
this positive trend has been much more pronounced for younger age groups.

� The upward trend in payment di¢ culties and bankruptcy incidence.

The SCF 1983 does not contain direct information on consumer bank-
ruptcy. However, consumers were asked in 1983 and 2004 whether they �had
had a request for credit turned down by a particular lender or creditor in
the past few years, or had been unable to get as much credit as [they] had
applied for.�Moreover, they were asked whether they �had not applied for
credit because [they] thought [they] would be turned down. [They were]
asked for what reasons [they] thought [they] would be turned down on the
most recent occasion when this occurred.�We classify households as having
payment di¢ culties if they answer to either of these two questions that they

7The main �ndings are robust if we aggregate only liquid assets and total debt, where
liquid assets are money-market, savings and checking accounts, individual retirement ac-
counts, certi�cates of deposit, thrift accounts and saving bonds.

8For consumers up to age 74 average net-�nancial wealth has increased by 20%, how-
ever, showing an opposite trend. This can be seen in the top-right panel of Figure 1 below,
in which the life-cycle pro�les of net-�nancial wealth in 1983 and 2004 cross at a certain
age.
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were turned down because of �credit records/history from other institutions;
other loans or charge accounts; previous payment records or bankruptcy.�Of
course, this measure of payment di¢ culties is far from perfect but it allows
us to look at time trends in payment di¢ culties in the SCF since there is
no information about bankruptcy �lings in the SCF 1983. Interestingly, the
trend of this measure of payment di¢ culties is similar to measures of Sullivan
et al. (1999, 2000) who used administrative data on bankruptcy �lings in 10
judicial districts in 1981 and 16 districts in 1991.9

We �nd that, according to our measure, 4% of households had payment
di¢ culties in 1983 and until 2004 this �gure more than doubled to 10%.
These percentages are signi�cantly larger than the 1.2% of households in 2004
who reported that they �led for bankruptcy in the last year (this information
is not available for 1983).10 Complementing this with evidence of Sullivan
et al. (2000) that about 0.2% of US consumers �led for bankruptcy in the
beginning of the 1980s and that this number increased to 0.5% beginning of
the 1990s, this shows a signi�cant upward trend in bankruptcy �lings and
payment di¢ culties in the US between 1983 and 2004 (see also White, 2006,
and references therein).

� Further facts on bankrupts from the literature.

The broad picture of bankrupt consumers which emerges from Sullivan et
al. (1999, 2000) is similar to what we �nd in SCF data for those consumers
with payment di¢ culties. Compared with the population, Sullivan et al.
(1999, 2000) report that bankrupt consumers are earnings poor, have less
assets than the average population but a signi�cant amount, are quite often
homeowners (more than half of bankrupt consumers own a home), have neg-
ative net worth on average whereas the population holds a positive amount.

9Sullivan et al. (1999, 2000) accessed debtors��les at bankruptcy courts to collect data
on the �nancial and demographic situation of bankrupt US consumers and compare them
with the average US population. Their data are a snapshot of the bankrupt consumers
in the early 1980s and 1990s and thus not representative of the population but have the
advantage to be highly accurate as the consumers faced the threat of being sued for perjury
if not reporting accurately. In 1981 they analyzed 1,529 bankruptcy cases in ten di¤erent
judicial districts, of which three were in Pennsylvania, three in Illinois and four in Texas.
In the second study in 1991 they analyzed 2,400 cases adding four districts in California
and two in Tennesee.
10The �gures for 2004 are also similar to those reported in Budría Rodríguez, Díaz-

Giménez, Quadrini and Ríos-Rull (2002) for the SCF 1998. They classi�ed households as
having �nancial trouble if they delayed payments for more than 2 month (this was true
for 6% of the households). Moreover, they report that 1.8% of the whole sample had �led
for bankruptcy.
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Figure 1: The wealth portfolio of consumers over the life cycle in 1983 and
2004. Source: Authors�calculations based on the SCF. Notes: Solid line:
1983 data; dashed line: 2004 data; 95% con�dence intervals displayed for
each data point in 1983 and 2004.
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The mean debt-income ratio of bankrupt consumers is about 3 and the me-
dian debt-income ratio of bankrupt consumers has increased from 1.4 in 1981
to 2.4 in 1997.

� The life-cycle dimension.

Figures 1 and 2 show how labor earnings, the wealth portfolio and bank-
ruptcy incidence vary over the life-cycle. Each graph plots the predictions
from a regression of the sample averages (of each of the 16 age groups in 1983
and 2004, respectively) on a cubic polynomial of the age groups. We display
the 95% con�dence bounds for each predicted point.
Figure 1 shows that labor earnings have the well-known hump shape over

the life cycle where these earnings peak between age 40 and 50 at about
20% higher labor earnings than the average in the sample. We �nd that
the earnings pro�le has not changed signi�cantly over time. Concerning
the wealth portfolio, Figure 1 shows that young consumers start their live
with very little wealth, if any. They �rst borrow to accumulate durables, of
which a substantial part is housing, and their net-�nancial asset position is
negative. After age 40, average net-�nancial wealth starts to be positive (see
Fernández-Villaverde and Krueger, 2005, for documenting similar patterns in
the SCF 1995). These patterns have remained remarkably stable in the time
period 1983-2004, although there is some indication that young consumers
incur more debt to purchase durables in 2004: note that the dashed lines
for non-�nancial wealth or housing of young consumers in 2004 are above
the solid lines for 1983, whereas the opposite is true for net-�nancial assets.
Finally, the age-pro�le of the debt portfolio has remained rather stable over
time, although young consumers hold much more credit card debt in 2004
than they used to do in 1983: credit-card debt of 20-year old consumers
accounted for 20% of their total debt in 2004, an increase of 10 percentage
points compared with 1983.
How are these patterns in the wealth and debt portfolio associated with

the incidence of bankruptcy? Figure 2 shows that bankruptcy incidence and
our measure for payment di¢ culties have a very similar hump-shape over the
life cycle, consistent with the evidence on bankrupts reported in Sullivan et
al. (2000), Figure 2.1. Payment di¢ culties and bankruptcy incidence peak
if consumers reach their late 30s and the increase in payment di¢ culties
between 1983 and 2004 (thus possibly also bankruptcy incidence) has been
most signi�cant for consumers between age 30 and 50.
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2.3 Reasons for bankruptcy.

Previous research has identi�ed the following reasons for bankruptcy (see
Sullivan et al., 1999, 2000):
Two thirds of the bankrupt consumers mention job related problems like

wage cuts, unemployment, or lower earnings due to health problems. Another
�fth of these consumers mentions health problems which are 75% of the time
related to job problems. Further reasons for bankruptcy include divorce or
the motive to �save�housing property by writing o¤ unsecured debt. Under
chapter 7 this is a possibility in states where housing wealth is exempt in
bankruptcy procedures.
In this paper we focus on earnings uncertainty (which may be related

to health shocks) and the motive to keep the durable. We abstract from
medical expense shocks to contain the computational burden given that we
consider durable wealth in our model (see Chatterjee et al, 2007, or Livshits
et al., 2007b, for models with health expense shocks). After laying out the
empirical facts, we now construct a model which we then calibrate to match
these facts.

3 The model

There is a continuum of consumers who have access to risk-free secured debt
as � 0, which is backed by collateral and bears an interest rate rs, and risk-
free �nancial assets au � 0 which earn interest ra. There is a borrowing
spread (rs > ra) due to a �xed cost of �nancial intermediation. Consumers
can also borrow unsecured debt au < 0. This debt does not need to be
backed by collateral so that agents possibly default on that debt depending
on their income draw. Creditors of secured debt have priority for the payment
of their debt principal and interest and creditors of unsecured debt do not
receive full payment if consumers �le for bankruptcy. This risk of unsecured
debt is priced actuarially fairly by a risk-neutral intermediary which perfectly
diversi�es the idiosyncratic risk applying the law of large numbers. We will
derive the price of unsecured debt below.

Demographics. As in the overlapping-generations model of Livshits et al.
(2007b), we assume that households live for 18 periods, where each period
j has a length of three years. Life begins at age 20 and the �rst 15 periods
(until age 65) are working periods in which people receive income shocks,
while households are in retirement in the last three periods and face no
uncertainty. Life ends at age 74. Each generation has a size of measure 1.
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period
beginning

Choices:
Secured risk­free debt
Unsecured debt
Risk­free asset
Non­durable consumption ct

Durable investment it

Interests accrue

Utility U(ct, dt)

Choose whether to default

è Financial assets/debt at+1

è Durables dt+1

Income draw yt+1

0≤s
ta

0≤u
ta

Financial assets at

Durables dt

δ

period
end

.,,, usakr k
t =

Depreciation
0>u

ta

Figure 3: Timing in the model

Timing. Figure 3 illustrates the time line. Given net �nancial assets at
and durable stock dt at the beginning of the period, households determine
their planned durable stock qdd�t+1, non-durable consumption ct and their
�nancial asset portfolio (qsta

�s
t+1,q

k
t a
�u
t+1). We assume that the adjustment of

durables is costly, as discussed in more detail below. We denote the choices by
asterisks since they may di¤er from the realized values due to the bankruptcy
procedure. The prices are qst = (1 + rst )

�1, qkt = (1 + rkt )
�1 and rkt = rat if

a�ut+1 > 0 and rkt = rut otherwise, and q
d = (1 � �)�1. Writing the choices

above in a discounted way allows us to express wealth in the next period
without interest factor which turns out to be convenient when solving the
model numerically. The risk-free interest rates rst and r

a
t are taken as given

(as in a small-open economy) whereas the risk-premium and thus the interest
rate for unsecured debt, rut , is determined endogenously.
After the consumption and portfolio decisions, the consumers enjoy utility

before the interest for the �nancial assets accrues and the durable depreciates.
Then uncertain income is drawn before agents decide whether to declare
bankruptcy. This determines the net �nancial assets and durables available
for consumers tomorrow. Note that the timing implies that the targeted
durable stock d�t+1 is predetermined after the investment decision it.

11 Of

11The timing for durables is similar to Fernández-Villaverde and Krueger (2005). Note
that durables are a state variable for two reasons in our model: (i) the durable stock is
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course, the realized durable stock in the next period dt+1 depends on the
bankruptcy decision and thus is uncertain. Importantly, the �ling decision
matters for the wealth composition, since consumers� only wealth in the
period after bankruptcy are durables. We now are more speci�c about the
adjustment costs, the collateral constraint and the evolution of wealth over
time depending on whether the consumer �les for bankruptcy or not.

Adjustment costs. Households face costs when adjusting their durable
stock. This assumption generates realistic lumpy investment patterns for
durables. Moreover, it makes the distinction between durables and non-
durables in our model more meaningful as adjustment costs are one key
di¤erence between these two types of goods. Since the most important com-
ponent of durables in our model is housing, the costs can be thought of as
moving costs or fees for real estate agents which are typically proportional
to the value of the house. Hence, we specify the costs as

�(dt; q
dit) =

8<:
c+f dt + c+p q

dit if it > 0
c�f dt � c�p q

dit if it < 0
0 if it = 0

.

This �exible speci�cation allows for a �xed component cfdt and a variable
component cpit (see, for example, Caballero, 1999). Both components are
possibly asymmetric, depending on the direction of the adjustment. The
�xed component is expressed in terms of the durable stock to ensure that
this component remains relevant as d increases. This component generates
lumpy adjustment for which there exists overwhelming empirical evidence.
The variable component cpit depends on the investment �ow instead. If
cp > 0, it may be optimal that households adjust, but do not adjust fully to
the durable stock that would be optimal if cp = 0.12

predetermined and preferences in durables and non-durables are non-separable and (ii)
consumers face costs for adjusting the durable. Both assumptions imply that there is an
endogenous bankruptcy cost: the utility derived from durables is smaller in the bankruptcy
period since at least some durables need to be sold to service debt. This is why durables
also matter for the pricing of unsecured debt below.
12Note that there could be a role for a rental market of durables in our model due to

adjustment costs. To simplify matters, we assume that adjustment costs for owners and
renters are the same. For example, at least some components of moving costs do not
depend on whether consumers are renters or owners. Then, renting durables is (weakly)
dominated by owning them since ownership also provides collateral.
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Collateral constraint. The collateral constraint13 allows consumers to
hold secured debt of at most

a�st+1 � �maxfd�t+1 � �(d�t+1; a
�s
t+1); 0g . (1)

Note that consumers can only use the value of the durable net of the adjust-
ment cost as collateral for secured debt where the relevant adjustment cost
is evaluated at d�t+1 and it = a�st+1 < 0.14 In case of bankruptcy, the rele-
vant durable stock is d�t+1 of which the amount

��a�st+1�� needs to be divested
to service secured debt. The maximum operator ensures that for very high
adjustment costs a�st+1 = 0: consumers then have no access to secured debt
since the high adjustment costs make durables useless as collateral.
Using the explicit functional form for adjustment costs introduced above,

the collateral constraint becomes

a�st+1 � �maxfd�t+1 � c�f d
�
t+1 + c�p a

�s
t+1; 0g.

For the interesting case in which d�t+1 � c�f d
�
t+1 + c�p a

�s
t+1 > 0, this can be

simpli�ed to

a�st+1 � �
1� c�f
1 + c�p

d�t+1 .

Both the �xed and proportional component of adjustment costs tighten the
collateral constraint. Note that compared with the literature which some-
times assumes that only a certain fraction of the durable can be used as
collateral for secured debt, this is determined endogenously by the parame-
ters of the adjustment cost function in our model.

Budget constraint. The consumer�s budget constraint is

qsta
�s
t+1 + qjta

�u
t+1 + ct + qdd�t+1 � dt| {z }

qdit

+ �(dt; q
dit) � at + yt , j = a; u . (2)

Evolution of assets.
13We assume that consumers cannot collateralize part of their labor income. Otherwise,

consumers would be able to use the lower bound of the support of possible labor income
realizations as collateral. In practice, this lower bound is very close to zero (expressed in
terms of average labor earnings in the population). Moreover, federal law allows garnish-
ment of at most 25% of wage income (and thus also of that lower bound) and this only
if the consumer has not �led for bankruptcy. Hence, we abstract from labor income as
collateral for simplicity.
14If the consumer borrows, there are no other �nancial assets which could be used for

paying the adjustment cost and income cannot be collateralized (see the previous footnote).
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Repayment. If the consumer decides to repay all his debt obligations
we denote the variables with an asterisk. The evolution of durable and �-
nancial wealth is then15

d�t+1 = (1� �)dt + it .

and
a�t+1 = a�st+1 + a�ut+1 .

The only non-standard feature is that the interest for �nancial wealth is
included in a�st+1 and a

�u
t+1 since we de�ne the choice at the beginning of the

period in terms of values discounted by the interest factor. This is done for
convenience when solving the model numerically.

Bankruptcy. Under chapter 7 of the US bankruptcy law, bankruptcy
�lers can keep durable wealth up to a speci�ed exempt level. The most
important exemption in many US states is the homestead exemption on
which we focus in our model.16 The exempt level of durable wealth dy is
protected from unsecured debt claims. Secured debt instead has priority and
needs to be paid irrespective of whether the durable wealth falls below the
exempt level or not.
At the time of bankruptcy �ling the consumer is obliged by law to re-

veal his �nancial and income status to the bankruptcy judge. In partic-
ular, the judge knows the composition of �nancial debt, a�st+1 < 0 and
a�ut+1 < 0,17 durable wealth d�t+1 (net of depreciation) and the exemption
level dy, and the current income draw yt+1. The judge then �rst services
the secured debt a�st+1, selling as much of the durable stock as needed. Since
the collateral constraint allows consumers to hold secured debt of at most
a�st+1 � �maxfd�t+1��(d�t+1; a�st+1

�
1 + c�p

�
=(1�c�f ); 0g, the remaining durable

stock may be positive and is denoted by

d+t+1 = max

(
d�t+1 � �

 
d�t+1;

1 + c�p
1� c�f

a�st+1

!
; 0

)
+ a�st+1 ,

15This follows from qdd�t+1 = dt+ q
dit after accounting for depreciation by multiplying

with (1� �).
16Many states also allow small additional exemptions for other durables like cars, jewelry,

household goods or tools of trade. One can interpret the durable d as a composite of these
durables and dy as the corresponding total exemption across all these goods. When we
turn to the calibration of the model we will focus on housing and the respective median
exemption across US states. See also Athreya (2006).
17The consumer will never �le for bankruptcy if a�ut+1 � 0. In this case there is no bene�t

as no debt obligations are discharged but there is a strictly positive cost.
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where a�st+1 � 0. Note that d+t+1 � dy, by de�nition, that is the remaining
durable collateral is less than the exempt level. Otherwise the remaining
durables which can be used as collateral, and are above the exemption, would
guarantee repayment with certainty.18

The bankruptcy judge then continues to service the outstanding unse-
cured debt using a fraction 
 � 0 of labor earnings yt+1. The parameter 

shall capture the general expectation of �good faith� in bankruptcy proce-
dures so that consumers typically sacri�ce some of the labor earnings when
�ling for bankruptcy (see Livshits et al., 2007b). Thus, at the end of the
procedure the remaining labor earnings in the next period are

y+t+1 = (1� 
)yt+1 +maxf
yt+1 + a�ut+1; 0g ,
and the judge sets aut+1 = 0. Note that a

s
t+1 = 0 by de�nition since that debt

is secured.

For convenience we summarize the evolution of the assets which depend
on the bankruptcy decision. Durable wealth is given by

dt+1 =

8<: d�t+1 � (1� �)dt + it if do not �le

d+t+1 � max
�
d�t+1 � �

�
d�t+1;

1+c�p
1�c�f

a�st+1

�
; 0

�
+ a�st+1 if �le

. (3)

If the consumer �les, we know that a�ut+1 < 0 and d
+
t+1 � dy.

Financial assets evolve according to

at+1 =

�
a�t+1 � a�st+1 + a�ut+1 if do not �le
0 if �le

. (4)

The labor earnings are given by

yt+1 =

�
y�t+1 � yt+1 if do not �le
y+t+1 � (1� 
)yt+1 +maxf
yt+1 + a�ut+1; 0g if �le

. (5)

Preferences. We assume that preferences are a non-separable function of
non-durable and durable consumption U(c; d). For the quantitative appli-
cation of the model we assume a CRRA utility function with risk aversion
�,

U(c; d) =
	(c; d)1�� � 1

1� �
,

18Hence, we conjecture that consumers hold no unsecured debt unless the collateral
constraint is binding. For the intuition, suppose that the constraint does not hold with
equality. Since �nancial intermediaries know the consumers portfolio, any additional unit
of debt would be secured de facto by the remaining durable stock (unless that falls below
the exemption level dy) and the consumer would be forced to sell the durable, incurring
the adjustment costs.
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where the consumption basket 	 denotes a CES aggregator

	(c; d) = [�c� + (1� �)(d+ d)�]
1
� .

The constant d > 0 is assumed small and positive so that some consumers
do not hold durables, as is observed in the data.19 The static elasticity of
substitution between c and d is 1=(1 � �). Given the rather mixed results
for the estimates of that elasticity in the literature, we follow Fernández-
Villaverde and Krueger (2005) and use the Cobb-Douglas case as benchmark,
i.e., � = 0.

The pricing of unsecured debt. The interest rates of risk-free assets ra

and secured debt rs are taken as given, as in a small open economy. We allow
for a borrowing spread � � 0 due to transaction costs so that rs = ra + � .
The price of unsecured debt instead is determined by perfectly competi-
tive �nancial intermediaries which observe the current income state s and
thus current labor earnings yt(s). Moreover, they know the portfolio choice
�t � (a�ut+1; a

�s
t+1; d

�
t+1), which is determined in period t, and the age of the

consumer where we denote age with the index j = 1,..., J . The intermedi-
aries are not able, however, to condition on the draw of future income yt+1.
Hence, some consumers �le for bankruptcy ex post although they were ex-
pected to repay ex ante with strictly positive probability. The intermediaries
take this into account when they price the debt and assess the repayment
probability forming an expectation about future income conditional on the
current income state, age and the consumer�s portfolio �t. Thus, the price
of unsecured debt quj (�t; yt(st)). There is no cross-subsidization across con-
sumers and consumers with di¤erent portfolios, age or income state receive
a di¤erent interest quote.
De�ne the probability of default as �j(�t; st) and the probability of income

state st+1 conditional on the current state st as �(st+1jst).20 Then, the zero-
pro�t condition implies that the price for unsecured debt (a�ut+1 < 0) is given
by

19The assumption also ensures that utility is well de�ned at the beginning of life when
consumers have no durables.
20More precisely, the probability of default also depends on d+ and d� since the dif-

ference between these two values matters for the cost of bankruptcy in terms of forgone
durable utility. Hence, the parameters of the adjustment cost function also matter for the
probability to default.
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quj (�t; st) = (6)

(1� �j(�t; st)) q
s

+ �j(�t; st)q
s�st+1�(st+1jst)min

(
1;

yt+1(st+1)��a�ut+1��

)
.

The minimum operator does compare the amount of full repayment of
one unit of outstanding unsecured debt with the resources that unsecured
creditors receive from the labor earnings 
yt+1(s) as a fraction of the to-
tal outstanding unsecured debt (transformed into a positive number). If
the probability of bankruptcy �(�t; st; �) = 0 or no unsecured debt is dis-
charged if consumers �le,21 then there is no risk premium on unsecured debt:
quj (�t; st) = qs.22

The program. Substituting the budget constraint (2) in the Bellman equa-
tion of the consumer at stage j of the life cycle, we get

Vj(at; dt; yt) = (7)

max
a�st+1;a

�u
t+1;d

�
t+1

[U(at + yt + dt � qsta
�s
t+1 � qjta

�u
t+1 � qdd�t+1 � �(dt; q

dd�t+1 � dt)| {z }
ct

; dt)

+�E�;ymax[Vj+1(a
�
t+1; d

�
t+1; yt+1); V

B
j+1(a

+
t+1; d

+
t+1; y

+
t+1)�  ] ].

Note that there are three costs of bankruptcy in the consumer problem
(7):

� an endogenous cost due to the smaller durable stock and the wasted
adjustment cost: for a positive amount of secured debt, the durable
stock that can be kept under bankruptcy, d+t+1, is (weakly) smaller
than the target level, d�t+1. Consumers have to bear adjustment costs
and a utility cost for at least one period since the durable stock is
predetermined and cannot be immediately adjusted. This is a realistic
feature of the model since bankruptcy procedures last 4 month on av-
erage with a substantial variation around that mean duration (Sullivan
et al., 2000).

21In this case �st+1�(st+1jst)min f1; 
yt+1(st+1)g =
��a�ut+1��g = 1.

22In the calibration below we allow the exogenous intermediation costs to be higher for
unsecured than secured debt. This implies that we replace qs by 1=(1+ru), where ru is
the base rate for unsecured debt without the risk premium.
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� a cost of not being able to declare bankruptcy in the period following
the bankruptcy �ling. This captures the US bankruptcy code which
forbids consumers to �le for bankruptcy in the six years after a bank-
ruptcy �ling under chapter 7. Since a period has a length of three years
in our model, no bankruptcy can be declared in the following period.
This implies that we have to de�ne a di¤erent value function V B

j for
that period where

V B
j (at; dt; yt) = max

a�st+1;;a
�u
t+1;d

�
t+1

[U(c(a�st+1; a
�u
t+1 � 0; d�t+1); dt) (8)

+�EyVj+1(a
�
t+1; d

�
t+1; yt+1)] .

For consistency, we assume that households do not have access to un-
secured debt in that period.

� an exogenous cost of bankruptcy  which can be interpreted as psy-
chological pain or stigma (see Athreya, 2006). We set  = 0 in our
benchmark calibration.

The Bellman equations (7) and (8) together with the equations (3), (4),
(5) for the evolution of assets and earnings and the constraints (1), (2),
d�t+1 � 0 and a�st+1 � 0 complete the set-up of the program.

Equilibrium de�nition. Dropping time indices and denoting the next
period with a prime, a steady state is characterized by the policy functions
for non-durable consumption cj(a; d; y), durable investment ij(a; d; y), the
accumulation equations a0j(a; d; y), d

0
j(a; d; y) so that for given prices {r

a; rs}
of risk-free assets and secured debt:
(i) the envelope of value functions Vj (a; d; y) and V B

j (a; d; y) attains its
maximal value.
(ii) the price for unsecured debt quj (�; s) satis�es the arbitrage equation

(6).
(iii) the distribution measure over the state space A � D � Y of agents

�(A;D; Y ) is stationary.

3.1 Calibration and numerical results

The discrete nature of the bankruptcy decision and the presence of adjust-
ment costs imply that we cannot use numerical algorithms which rely on
the di¤erentiability of the value function and the �rst-order conditions to
solve the model. Thus, we discretize the state space of the two endogenous
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state variables a and d and the exogenous state variable y. We choose 554
gridpoints for a 2 [�3; 7] and 30 gridpoints for d 2 [0; 10] where the grid is
�ner for values of d < 0:75, with distances of 0:08 to 0:10, and includes the
exemption value 0:25 which we calibrate below. For d > 0:75 the distance
between the grid points is 0:5. Finally, we allow for 5 Markov states of the
stochastic component of labor earnings y. For this speci�cation of the grids
the model is solved in 2,5 days on a PC of the current computing vintage.

3.1.1 Numerical algorithm

We start with the last period J . In that period the consumer sells all assets to
consume them before death. We then compute the available resources with
and without �ling for bankruptcy on the state space A�D�Y . This allows
us to compute the value functions VJ�1 and V B

J�1 and the set of choices and
future income states which imply that consumers declare bankruptcy, V B

J�1�
 > VJ�1. We then calculate the price of unsecured debt conditional on the
current income state, debt portfolio and durable stock. We proceed to solve
the maximization problem of the consumer to determine the optimal debt
portfolio and durable investment and continue with analogous computations
for the previous period J � 2 and so on until the beginning of life. We then
use the value and policy functions to simulate the model for a population
of 10,000 consumers, so that we can compute model statistics which can be
matched to the data.

3.1.2 Calibration

We now discuss the calibration of the income process and other parameters.

The income process. We calibrate the life-cycle income pro�le similar to
Livshits et al. (2007b). Labor earnings are determined by

yj = �j�j,

where �j is the stochastic productivity of the household in period j of the
life cycle and �j is the deterministic labor endowment which is hump-shaped
over the life cycle. We calibrate the deterministic component using the in-
come means by age group reported in Figure 1. Concerning the stochastic
component, we assume that it follows a �ve-state Markov chain. For calibrat-
ing the stochastic component we purge net labor earnings of life-cycle e¤ects
focussing on households with a head between 20 and 55 years of age. For
this sample we regress net labor earnings on an age polynomial and compute
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the quintile means of the residual distribution around the mean income in
the SCF 1983. This results in

y1983 = [0:265, 0:593, 0:851; 1:186, 2:104].

We approximate the distribution as log normal log y1983� N (�0:0947; 0:1894)
with a normalized mean of 1. This variance is about 50% of the raw cross-
sectional variance which is roughly in line with results of Cunha and Heckman
(2007) about the unforecastable fraction of the variance of labor earnings.
We then assume an AR(1) process with �rst-order correlation of 0.95 and use
Tauchen (1986)�s method to compute the transition matrix for the triennial
periods as

�1983 =

266664
0:8396 0:1602 0:0002 0 0
0:0215 0:6784 0:2793 0:0208 0
0:0004 0:2035 0:5495 0:2427 0:0039
0 0:0192 0:2694 0:6337 0:0777
0 0 0:0034 0:2297 0:7669

377775 .

The productivity of households in the �rst period of life is drawn from the
stationary distribution

�1983 = [0:0332,0:2409,0:3268,0:2953,0:1038].

Although the Markov chain with �ve states approximates the log-normally
distributed AR(1) process very well, we implement a bias correction which
ensures that the discrete Markov chain implies exactly the same mean and
variance.23

Benchmark parameters. Table 2 displays the parameter values which
we use for our numerical solution. We assume that the aggregator of durable
and non-durable consumption goods is Cobb-Douglas (� = 0) which is within
the range of existing estimates. We then set � = 0:79 which implies that the
expenditure for non-durable consumption is 7 times as high as the expen-
diture for durables, for consumers with an age between 20 and 55. This is
only slightly above the long-run average 6:2 for the US (Fernández-Villaverde
and Krueger, 2005). The value for risk aversion, � = 2, and the discount
factor, � = 0:956, are within the range of commonly assumed values. We set
d= 0:01, a small and quantitatively negligible value, which allows that some

23The idea is to choose the standard deviation which we use to compute the transition
matrix so that the implied standard deviation of the Markov chain is exactly equal to the
one in the data.
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Parameters
Preferences � 2

� 0
� 0.8737 annual: 0.956
� 0.79
d 0.01

Technology � 0.06 annual: 0.02
c+f ; c

�
f ; 0.05

c+p ; c
�
p 0.1

Bankruptcy dy 0.25

 0
 0

Interest rates ra 0.0927 annual: 0.03
rs 0.2423 annual: 0.075
ru 0.6640 annual: 0.185

Table 2: Benchmark parameters for the numerical solution

consumers do not hold durables. Finally, we adjust the utility of households
for changes in their composition using an age-dependent equivalence scale
based on Fernández-Villaverde and Krueger (2007), Table 1, last column.
For the technology parameters we assume that durables depreciate at an

annual rate of � = 0:02 which is a good approximation for consumer durables
which mostly consist of housing. The adjustment cost parameters are speci-
�ed symmetrically for upward and downward adjustments as a starting point
and are of similar size as the 5-10% of fees which are typically charged by
real-estate brokers in the US (Díaz and Luengo-Prado, forthcoming). The
parameters imply that 86% of the durable can be collateralized.
The parameters for the bankruptcy procedure are set as follows. We as-

sume that the value of the exempt durables amounts to a quarter of average
labor earnings, which, as in Athreya (2006), p. 2063, is the homestead ex-
emption for the median consumer in the US. We assume that none of the
labor earnings can be used to service unsecured debt in bankruptcy proceed-
ings, 
 = 0 and that there is no utility cost of declaring bankruptcy in our
benchmark calibration,  = 0.
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Figure 4: Life-cycle pro�les for the model benchmark 1983

Finally, we set the annual risk-free lending rate to 3% and the secured bor-
rowing rate to 7.5%, similar to Athreya (2006) and Livshits et al. (2007a).
We further assume that intermediation costs are larger for unsecured bor-
rowing where we assume that the basis rate ru is 18.5%. This base rate for
unsecured credit is at the high end of commonly calibrated rates for credit
cards and necessary to match the fraction of unsecured versus secured debt
in the debt portfolio. The pricing equation in our model implies an addi-
tional risk premium for unsecured credit where we restrict the overall rate to
be below 100%. This risk premium turns out to be negligible for the chosen
equilibrium debt levels in our calibration.

3.1.3 Results

Table 3 shows that the calibrated model matches most target statistics quite
closely. The exception is housing wealth which is the best counterpart for the
durables in the model. Consumers accumulate housing wealth more slowly
in the model than in the data. One reason may be that our model does
not include bequests which may be an important source of durable wealth
accumulation up to age 55.
Figures 4 and ?? display the life-cycle pro�les for the main variables of

interest simulating the model for a population of 10,000 consumers who start
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without durables and �nancial wealth at the beginning of their life. The
pro�les of the model match the data pro�les in Figures 1 and 2 remarkably
well. Young consumers accumulate durables �nancing part of their invest-
ment with debt. That debt is mostly secured but at the beginning of life,
when many consumers are collateral constrained, consumers also take on
unsecured debt which, for certain age groups, grows up to a third of av-
erage population labor earnings. As the labor earnings of consumers grow
on average over the life cycle, consumers repay their debts as they age and
eventually start to accumulate �nancial wealth. On average, consumers have
a positive net-�nancial asset position after age 40. Since unsecured debt is
much more costly than secured debt, consumers �rst repay their unsecured
debts and eventually also their secured debts. Whereas very few consumer
hold unsecured debt after age 30, substantially more consumers hold secured
debt until retirement.
As in the data for 1983, the bankruptcy incidence in the model is negli-

gibly small. Whereas we �nd no consumer who �les for bankruptcy in our
simulations for 10,000 consumers, there is a positive (tiny) probability of
bankruptcy at the end of the �rst period of life since the price for unsecured
debt in the �rst period is slightly smaller due to a positive risk premium.
A few other features of the �gures deserve discussion. Non-durable con-

sumption falls slightly after the �rst period and is then hump-shaped over the
life-cycle, as in Fernández-Villaverde and Krueger (2005). Whereas the hump
shape of non-durable consumption is a realistic feature of our model which is
borne out in the data, the initial fall of consumption is just due to our sim-
plifying assumptions that all consumers enter the economy without durables
together with the non-separability of durable and non-durable consumption.
Since � > 1 � �, the cross derivative of the utility function is negative so
that consumers mitigate the implied lower utility without durables in the
�rst period with more non-durable consumption. Furthermore, note that
all consumers decumulate assets in the last retirement period (which is not
included in the �gures) because we assume that all consumers die with cer-
tainty at age 74 and there is no bequest motive. Since this assumption is a
strong simpli�cation and our main interest is consumer debt which occurs
early in life, we calibrate our model to match the life-cycle pro�les only until
age 55.
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The importance of durables and adjustment costs Durables and
their adjustment costs are major new features in our model compared with
other studies of consumer bankruptcy. Hence, we gauge their importance
by computing the model solution if, starting from the benchmark in 1983,
we eliminate adjustment costs or durables from our model. The results are
reported in columns (2) and (3) of Table 4, respectively.
The collateral constraint (1) shows that, without adjustment costs, a

larger fraction of the durable can be used as collateral. Moreover, the cost
of accumulating durables at beginning of life falls without adjustment costs.
Hence, the wealth portfolio shifts towards housing and secured debt in column
(2) whereas net �nancial wealth falls. One may have expected that the
bankruptcy incidence increases without adjustment costs since adjustment
costs imply a �nancial burden if consumers have to adjust their durable
stock in bankruptcy proceedings. The results in column (2) show, however,
that the bankruptcy incidence remains negligible due to the laxer collateral
constraint and the corresponding shift towards secured debt. This result
already highlights that allowing for shifts in the debt portfolio imposes further
discipline when searching for exogenous changes which explain the observed
trends in the data. Lower adjustment costs (possibly due to a more e¢ cient
real-estate market) may help to quantitatively explain the overall increase in
debt levels but not the observed rise in bankruptcies.
In column (3) we report results if the utility weight for non-durable con-

sumption is � = 0:99 and the depreciation � = 0:99. In this case, consumers
hold no durables but also no debt. This shows that durables are essential to
generate realistic levels of consumer debt, unsecured debt and (in rare cases
also) bankruptcy in our benchmark calibration for 1983.

4 The evolution of bankruptcy and debt port-
folios

After characterizing the benchmark solution for 1983, we now investigate
whether our model can quantitatively explain the evolution of bankruptcy
and debt portfolios which are observed in the period 1983-2004. We consider
the following candidate explanations, where some of these explanations have
been analyzed in models without durables (for example, Athreya, 2004, and
Livshits et al., 2007a):

� The fall of the real interest rate and the borrowing spread for secured
and unsecured debt.
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� The increase in labor earnings risk.

We focus on the previous two changes in our quantitative study of the
evolution of debt portfolios and bankruptcy incidence due to data quality. We
also consider the following two changes in the model since their qualitative
implications are of interest to compare our model with the previous literature:

� Financial innovations which change the extent to which durables can
be used to secure debt.

� Less stigma, that is a smaller utility cost of declaring bankruptcy (see
Gross and Souleles, 2002, or Fay, Hurst and White, 2002).

The consensus based on models with unsecured debt (but without secured
debt) is that the improvement in the technology of �nancial intermediaries,
which reduced the borrowing spread, quantitatively explains some of the
observed increase in unsecured debt and bankruptcy �lings (Athreya, 2004;
Livshits et al., 2007a). We reconsider these �ndings and investigate whether
they are consistent with the observed composition of the debt portfolio in
terms of secured and unsecured debt. This is not obvious since consumers
in our model have an additional margin of substitution between secured and
unsecured debt and the borrowing spread has fallen for both types of debt.
We now brie�y discuss the calibration of the considered changes in the period
1983-2004.

Interest rates in 2004. We use evidence by Caporale and Grier (2000)
and Caballero, Farhi and Gourinchas (2008) which indicates that the real
interest rate in the US has fallen by about 2 percentage points since 1983.
We thus reduce ra from 3% to 1.5%. Moreover, historical data from the
Federal Reserve suggests that the borrowing spread between interest rates
on secured debt and rates on treasury bills has decreased between 1/2 and 1
percentage point in the same time period. Together with the overall decrease
in rates by 1.5 percentage points, we thus reduce rs by 1/2 a percentage point
more than ra, from 7.5% to 5.5%. Finally, Davis, Kubler and Willen (2006)
show that the spread between unsecured borrowing costs and risk-free returns
is about 10 percentage points in 2001. We thus calibrate ru as 11:5% in 2004.
This implies a fall in the borrowing spread for unsecured credit due to smaller
intermediation costs by 7 percentage points.24

24The time-varying spreads reported in Davis, Kubler and Willen (2006), Table 1, do
not provide much support for a change in the overall spread for unsecured borrowing.
This may not be inconsistent with the fall in intermediation costs which we consider. The
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The income process for 2004. We keep the deterministic component of
the life-cycle income pro�le constant since the income means by age group
reported in Figure 1 do not exhibit any signi�cant change. Concerning the
stochastic component, we use the same procedure detailed above where we
keep the income grid constant (to avoid that changes in the results are due
to a di¤erent discretization) but use the approximation for the income distri-
bution for 2004, log y2004� N (�0:1146; 0:2292), which implies a 10 percent
increase in the standard deviation of log-income. The size of this increase is
line with evidence by Cunha and Heckman (2007). Moreover, Hintermaier
and Koeniger (2008) show that US data on the net-worth distribution in
1983 and 2004 are consistent with a simple bu¤er-stock saving model if the
observed increase in cross-sectional standard deviation is about 10 percent.
Using the new income distribution for 2004 implies the transition matrix

�2004 =

266664
0:8146 0:1846 0:0008 0 0
0:0370 0:6468 0:2820 0:0340 0:0002
0:0014 0:2334 0:4981 0:2584 0:0087
0 0:0338 0:2809 0:5843 0:1010
0 0:0001 0:0083 0:2544 0:7372

377775
and the stationary distribution

�2004 = [0:0528,0:2522,0:2995,0:2784,0:1171].

Adjustment costs and the debt portfolio. One might argue that real-
estate markets have become more e¢ cient over time. In our model this
would be captured by lower adjustment costs for durables which relax the
collateral constraint. Since we are not aware of precise data which would
allow us to calibrate this change, we refer to our qualitative results in the
previous section where we have seen that the debt portfolio shifts towards
secured debt and the wealth portfolio shifts towards housing wealth if we
reduce adjustment costs to zero.

overall interest on unsecured credit is the sum of the base rate ru and the endogenous risk
premium and the fall in the base rate may well have been o¤set by the increase in the
average risk premium.
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Changes in stigma. We have set the utility cost of bankruptcy  = 0
in our benchmark calibration for 1983. The advantage of our model with
durables is that we can a¤ord to neglect such ad hoc costs in our calibration.
Since there has been a debate on whether a decrease in stigma in the last
decades is the cause of the higher observed bankruptcy incidence, we check
how the model solution changes for a higher  to compare the qualitative
�ndings of our model with the literature. We illustrate the e¤ect of changes in
the parameter  in 2004. Since the size of the changes in  are arbitrary and
we are just interested in the qualitative response of the model equilibrium,
we increase  from 0 to 1. As can be seen in the Bellman equation (7)
this shifts the continuation value under bankruptcy down compared with the
continuation value under repayment.

4.1 Results

Table 5 displays the results for our candidate explanations. The main �ndings
are summarized as follows:

� The fall of the real interest rate in column (2) reduces gross �nan-
cial wealth but has little e¤ect on consumer debt or the bankruptcy
incidence. Thus, also net �nancial wealth falls substantially. Since ac-
cumulation of risk-free assets becomes relatively less attractive and the
opportunity cost of housing wealth falls, housing wealth increases by
7%.

� Smaller costs of �nancial intermediation for secured debt, and thus a
lower interest rate for secured debt in column (3), increase consumer
debt by 50% which is about half of the increase observed in the data.
Moreover, the share of secured debt in the debt portfolio increases by 3
percentage points. The wealth portfolio shifts slightly towards housing
wealth.

� The smaller costs of �nancial intermediation for unsecured debt con-
sidered in column (4) also increase consumer debt by 50% but imply a
fall of the share of secured debt in the debt portfolio by 21 percentage
points. The incidence of bankruptcy increases slightly to 0.04%. Fig-
ure 5 shows that the bankruptcy incidence for young consumers rises
to above 0.15%, implying still a rather small risk premium for unse-
cured debt. Furthermore, cheaper unsecured credit implies that more
consumers hold unsecured debt at later stages in their life cycle.
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Figure 5: Bankruptcy over the life cycle with cheaper unsecured credit

� The higher labor income risk in column (5) reduces consumer debt by
17% and increases both �nancial and housing wealth. Especially gross
�nancial wealth increases (by 20%) as consumers have a precautionary
motive (see Nakajima, 2005, for similar �ndings in a general equilibrium
model without bankruptcy). Due to this prudent behavior, the prob-
ability of bankruptcy is zero (that is, there is not even a tiny positive
probability of declaring bankruptcy at the beginning of life).

� In column (6) we consider the changes of columns (2) to (5) together.
Concerning �nancial wealth and debt, the e¤ect of the lower interest
rates dominates the e¤ect of higher labor income risk. The model pre-
dicts 2/3 of the debt increase observed in the data but overpredicts
the fall of gross �nancial wealth. Hence, the model predicts that net-
�nancial wealth falls to -0.17 in 2004 instead of -0.07 observed in the
data. Overall, the model captures the main trends of �nancial wealth
and debt although the downward trend of gross �nancial wealth is pre-
dicted to be larger and the upward trend of debt is predicted to be
smaller than in the data. Furthermore, the model predictions for hous-
ing wealth are still well below the corresponding value in the data (for
the same reasons as in the benchmark for 1983) but the increase of
housing wealth by 12% corresponds to more than half of the observed
percentage increase observed in the data. Finally, the fall of the prices
for secured and unsecured debt imply a small shift of the debt port-
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Figure 6: Life-cycle pro�les of the model in 1983 (solid graph) and 2004
(dashed graph)

folio towards unsecured debt by 7 percentage points. The bankruptcy
incidence which the model predicts for 2004, however, is zero, notwith-
standing cheaper unsecured debt, higher debt levels and income risk.
The higher income risk possibly increases the cost of bankruptcy in
terms of the resulting exclusion from credit markets for 6 years (see
Krueger and Perri, 2006).

Figure 6 displays the life-cycle pro�les for the model benchmark in 1983
(the solid graph) and the model predictions for 2004 from column (6) in Table
5 (the dashed graph). Comparing the results with the data in Figure 1 shows
that the model captures the observed changes in the life-cycle pro�les rather
well. In particular, the model predicts an increase of unsecured debt for young
collateral-constrained consumers. The higher debt levels at the beginning of
the life-cycle allow consumers to accumulate more housing wealth and result
in lower �nancial wealth levels at later stages of the life cycle. Hence, the
non-durable consumption pro�le is lower later in life when consumers derive
substantial utility from durables. The model fails, however, to capture the
crossing of the pro�les of net-�nancial wealth which is observed at age 53-
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56 in the data. Most importantly, it seems di¢ cult to generate consumer
bankruptcy in our life-cycle model with durables since unsecured debt is held
mostly by young collateral-constrained consumers who borrow to accumulate
durable wealth. These consumers have little interest to declare bankruptcy
in which case all their durable wealth above the exemption level is seized.
Overall, the fall of the lending and borrowing rates is an essential ingre-

dient to explain important observed changes in the data:

� A fall in the risk-free lending rate helps to match the fall in gross
�nancial wealth.

� Cheaper debt, in terms of interest rates for both secured and unsecured
debt, helps to explain the rise in consumer debt and to keep the share
of secured debt roughly constant over time. In our experiments above
the changes of these rates in column (3) or (4) explain about half of
the observed increase in consumer debt.

� Cheaper unsecured debt helps to explain the increase of bankruptcy in-
cidence. Our experiments above show, however, that we explain only a
very small fraction of observed consumer bankruptcy in 2004. Given the
substantial computational burden in our current model with durables
and adjustment costs, adding additional shocks which possibly increase
the bankruptcy incidence, such as the medical expense shocks consid-
ered in Chatterjee et al. (2007) and Livshits et al. (2007a,b), remains a
challenge for future research. An alternative would be to consider dif-
ferent pricing assumptions for unsecured debt which we discuss further
in the conclusions.

How do our results compare with those in the previous literature? We
�nd that a fall in transaction costs which reduces the cost of borrowing may
explain some of the increase in consumer debt but not much of the increase in
bankruptcy �lings. This result is similar to the life-cycle model with expense
shocks, but without durables and secured debt, of Livshits et al. (2007a). In
the in�nite-horizon framework of Athreya (2004) instead bankruptcy �lings
are more elastic to changes in transaction costs (see also Mateos-Planas,
2007).
An important value added of our analysis is that we distinguish between

secured and unsecured debt. Whereas cheaper borrowing rates imply more
unsecured debt in Livshits et al. (2007a) and Athreya (2004), and thus
possibly also more bankruptcy incidence, our analysis has shown that it is
hard to generate a substantial increase in bankruptcies if both secured and
unsecured debt become cheaper which is necessary if one wants to match the
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rather constant share of secured debt in the debt portfolio observed in the
data. We now give further examples for the importance of analyzing debt
portfolios by discussing whether lower adjustment costs or utility costs of
bankruptcy (stigma  ) can improve the model predictions.

The e¤ect of lower adjustment costs. The qualitative results of Table
4, column (2), show that lower adjustment costs (for example, due to more
e¢ cient real-estate markets) may help to quantitatively explain the overall
increase in debt levels but not the observed rise in bankruptcies. Lower
adjustment costs imply a shift towards secured debt in the debt portfolio
which, however, is not observed in the data.

The e¤ect of less stigma. Livshits et al. (2007a) argue that a fall
in stigma may explain some of the upward trend in bankruptcy incidence
whereas Athreya (2004) highlights the importance of supply-side responses
which tighten access to unsecured credit. We also �nd that the supply-side
response is quantitatively important, as a higher stigma  cheapens unse-
cured credit and thus implies a shift of the debt portfolio towards unsecured
debt. Hence, a fall in  would shift the debt portfolio towards secured debt
which does not �t the basic facts on debt portfolios which are observed in
the data.

5 Conclusion

We have studied and solved a model with non-durable and durable consump-
tion which allows us to analyze debt portfolios and bankruptcy decisions. We
have found that the observed fall of lending and borrowing rates are key in-
gredients to match the observed upward trend in consumer debt, the stable
share of secured debt and the slight fall of gross �nancial wealth for con-
sumers between 20 and 55 years of age. We have emphasized the importance
of durables to distinguish secured and unsecured debt which helps to impose
further discipline in the search for plausible explanations of recent trends in
debt portfolios and bankruptcy incidence.
Further research may consider another interesting change in technology

concerning developments in the pricing of unsecured debt. Empirical evi-
dence of Edelberg (2006) suggests that banks started to use large databases
for the pricing of debt only in the 1990s. Hence, banks may have conditioned
the price of unsecured credit less accurately on consumer portfolios in 1983
than in 2004. Modeling such pricing imperfections as in Athreya, Tam and
Young (2008) is thus an interesting avenue for future research. A considerable
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challenge for this research is the computational burden due to the additional
�xed-point problem with interactions in the pricing of unsecured debt across
agents.

Data appendix

The variables used in the paper are constructed in the following way:
Gross labor income is the sum of wage and salary income. As in Budría

Rodríguez et al. (2002) we add a fraction of the business income where the
fraction is the average share of labor income in total income in the SCF. Dis-
posable labor income is computed using the NBER tax simulator. We use the
programs provided by KevinMoore provided on http://www.nber.org/~taxsim/
to construct disposable labor earnings for each household in the SCF 1983
and 2004. Following the standardized instructions on the NBER website, we
feed the following required data of the SCF into the NBER tax simulator:
the US state (where available, otherwise we use the average of the state tax
payments across states), marital status, number of dependents, taxpayers
above age 65 and dependent children in the household, wage income, divi-
dend income, interest and other property income, pensions and gross social
security bene�ts, non-taxable transfer income, rents paid, property tax, other
itemized deductions, unemployment bene�ts, mortgage interest paid, short
and long-term capital gains or losses. We then divide the resulting federal
and state income tax payments as well as federal insurance contributions of
each household by the household�s gross total income in the SCF. This yields
the implicit average tax rate for each household in 1983 and 2004. The mean
of that average tax rate for consumers in the SCF is 24% in 1983 and 23%
in 2004. Finally, we compute household net labor earnings as (1 - house-
hold average tax rate) * household gross labor earnings (including taxable
transfers) and then add non-taxable transfers.
Financial assets are de�ned as the sum of money in checking accounts,

savings accounts, money-market accounts, money-market mutual funds, call
accounts in brokerages, certi�cates of deposit, bonds, account-type pension
plans, thrift accounts, the current value of life insurance, savings bonds, other
managed funds, other �nancial assets, stocks and mutual funds.
Secured debt is de�ned as the sum of mortgage and housing debt, other

lines of credit and debt on residential and nonresidential property, debt on
non-�nancial business assets, installment credit and other consumer loans
which may be secured by purchased durables, such as cars or furniture.
Unsecured debt is de�ned as credit-card and other �nancial debt in the

SCF.
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Net-Financial assets are de�ned as �nancial assets - gross secured and
unsecured debt.
Non-�nancial assets are de�ned as the sum of the value of homes, resi-

dential and non-residential property, vehicles, other durables like jewelry or
antiques, owned non-�nancial business assets.
Housing is de�ned as the sum of the value of homes, residential and non-

residential property.
Net worth is de�ned as the sum of net-�nancial and non-�nancial assets.
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