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Abstract

Several studies attributed the rise of household bankyuptthe past two decades to the decline of social
stigma associated with default. Stigma explanations, keweannot account for the increase of credit avail-
ability during this period. | try to explain both of these fa@s a result of a more informative credit rating
technology.

| consider an adverse selection environment where borsoaer heterogeneous with respect to their cost
of default. Lenders have access to a rating technology whichides an exogenous signal about borrowers’
default costs. Equilibrium contracts subject each borrawe credit limit such that the lenders’ expected profit,
conditional on the signal about the borrower’s default destero.

As the exogenous signal becomes more informative, thetaretiket will provide a higher credit limit for
borrowers with a high cost of default, and a lower limit fortmwvers with a low cost of default. Hence a more
informative signal allows those with a high cost of defaalbbrrow more making them more likely to default,
while decreasing borrowing and default by those who havevactust of default.

Using Simulated Method of Moments, | estimate the model techndata on the averages of available credit
limits and debt as well as the increase in the spread of ttt ¢irait distribution from the Survey of Consumer
Finance 1992 and 1998. The model does well in matching tlyetisdl moments and accounts for about one
third of the increase in the number of bankruptcy filings frd@92 to 1998.
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1 Introduction

Household bankruptcy filings have been increasing in the &$hle past quarter of a century. In 198433%

of American households filed for bankruptcy. The number efilrose td.93% of households in 1991 and
continued to increase up 1041% in 20041 This trend can also be spotted in the number of Canadian bptyr
filers (Livshits et al. (2005)), suggesting that the inceesisould not be solely attributed to legal changes in the
uUs.

*| am heavily indebted to Russell Cooper and Dean Corbae &ir guidance and support. | wish to thank Satyajit ChatterfRandal
Watson, Tom Wiseman, Kenneth Hendricks and Jeroen Swifidketheir helpful comments. Special thanks goes to Javadr¥a&ll errors
are mine.

1Just before the sweeping changes to America’s bankruptly ok effect in 2005, the number of bankruptcy filers jumipetl 55% of
American households. Unsurprisingly, the number of fildusrpneted after the change went into effect. Recent dataestigige number of
filers is picking up again.




During this period, households’ access to unsecured diredinly through credit cards) flourished. While in
1989,56% of households had access to credit cards #¥d of households carried a positive balance on their
accounts. Fifteen years later credit card access roge%oand40% of American households were carrying
debt on their accounts (the latter are caltedolversin the literaturef. Moreover, the average credit card debt
of revolvers increased fromil, 830 in 1989 t0$3, 300 in 20042 But households were not just borrowing more
subject to the same credit limits. During this period therage credit card limit available for an American
household more than doubled; they rose fi&im100 in 1989 to$15, 200 in 20044

The importance of credit card debt on a household’s dectsifite for bankruptcy has been well documented
(see for example Domowitz and Sartain [9] as well as Sulli¥darren and Westbrook [18].) Therefore, under-
standing the dynamics behind the expansion of credit caibédoility and its usage is critical for studying the rise
of household bankruptcies.

Barron and Staten [4] document that expansion of the credi ;mdustry would not be possible without
rapid improvements in information technology and crediingatechnologies. In 1997 credit bureaus issued
some 600 million reports about credit seekers, (PadillaRagano [17]), and in the following decade credit
scores produced by the Fair Isaac and Company, known as FI@@ss became the industry’s standard tool for
assessing borrowers’ credit worthiness.

This paper tries to explain the rise in the number of banlkayfilings as a result of improvement in the credit
rating technology which allows the credit market to bettgesn borrowers’ riskiness. This might sound counter
intuitive at first. When creditors separate borrowers atiogrto their riskiness, they will tighten the credit supply
for the riskier borrowers, which will make them less liketydefault. However, the safer borrowers will receive a
higher borrowing limit which allows them to borrow more aird{urn, can result in more default. This is because
even safer borrowers, ceteris paribus, are more likely taultewhen their debt level is higher. The net change of
the debt level and the default rate is ambiguous.

Suppose the rating technology does not work well, so theitameatket lacks information on borrowers risk-
iness and cannot differentiate them, which | call tpedling casé The equilibrium supply of credit will be so
tight that the safer borrowers do not find it optimal to bornmwch, and therefore are not paying much for the
losses of the credit market from lending to the riskier baers® Now, suppose the rating technology improves,
so the credit market obtains information on the riskinedsosfowers and can differentiate them, which | call the
“separating cask In this case, the market will cut back the supply of creditthe riskier borrowers only slightly.
Hence the default rate by these borrowers does not fall vershmOn the other hand, creditors will extend the
supply of credit for the now distinguished safer borrowetesively, encouraging them to borrow and hence
default moré | will call this the informationalexplanation for the rise of household bankruptcy.

The literature provides other explanations for the risemfdehold bankruptcies. The common explanation
attributes it to the fall of “stigma” attached to bankrupt&ross and Souleles [11] report that ceteris paribus, a
credit card holder in 1997 was almdspercentage point more likely to declare bankruptcy thandlealder with
identical risk characteristics in 1995. Fay, Hurst and WIitO] report that even after controlling for state and
time fixed effects, households are more likely to file for bapicy if they live in districts with higher aggregate
bankruptcy filings rates.

The stigma explanation, however, has counterfactual saptins for credit availability and equilibrium debt
levels. If borrowers become less reluctant to default oir thebt, then shouldn’t creditors restrain the supply of
credit? and wouldn’t this result in less borrowing rathertimore? Athreya [1] and Livshits, MacGee and Tertilt
[15] have noted that the decline in stigma alone would leaa tounterfactual decline in the ratio of unsecured
debt to income. To account for the rise of consumer debt kel suggest a reduction in the transaction costs of
lending’ Livhshits et al. [15] use a combination of decline in stignna &ll in transaction costs to explain the

220% of householdsd9 percentage of revolvers) were carrying more t§a60 debt in 1989. This fraction rose &80% of households
(75 percentage of revolvers) in 2004.

3All dollar amounts are in 1989 constant prices.

4A household’s credit card limit is the sum of limits on all bkthousehold’s credit cards.

5For example when the riskier borrowers are much more risiy the safer ones and there are enough of them in the pool rfnzms,
borrowing and default will be mostly done by the riskier anes

6Borrowers’ responsiveness to the terms of credit contracis specifically credit limits, are well documented by Grasd Souleles [12].

7Athreya [1] also uses the same reduction to generate thanriiegs, which leads to a significantly higher debt to inanatio than that



changes in filings and the ratio of unsecured debt to incdme.

But a fall in credit transaction costs cannot explain theease in the spread of households credit card limits.
While from 1992 to 1998, when bankruptcy filings rose sigaffitty, the average American household’s credit
card limit increased from§7, 200 to $12, 800, the standard deviation of the cross sectional distrilbutibcredit
limits rose from$8, 200 in 1989 to$15, 700 in 20042, That is, the distribution of credit card limits did not just
shift rightward, its spread also increased (the increaseadfit limit for some households has been larger than the
increase of limits for others). Gross and Souleles [11] refat creditors extended the larger lines to less risky
accounts, suggesting that the spread of credit supply iyrassociated with the improvementin risk assessment.

Using a combination of the rise of stigma and fall of trangactosts to address different trends of the
consumer credit industry ignores an important innovatidhis industry; improvements of credit risk rating. This
paper studies the implication of an improvement on the sesfdhe consumer credit industty.Specifically, |
examine how the credit limit and debt distribution as weltless number of bankruptcy filings differ in a market
where creditors have information about the their borroitgpes from a credit market where they do not.

Section (2) provides some facts from the data on the trendo$déhold bankruptcies, the distributions of
credit card limits and debt as well as changes in these liitons across time. Section (3) describes a model of
households’ demand for credit, the responsiveness of deeirand to credit contracts, in particular credit limits,
and the response of propensity of default to an increaseeditcsupply. Then the model is used to show how a
more informed credit market on average supplies more ¢tadithe distribution of credit supply will also spread.
Section (4) provides a simple quantitative example and stibezmodel does well in explaining the rise of credit
supply, consumer debt level and the number of householdrbptdies. Section (5) concludes.

2 Dataand Motivation

Households can file for bankruptcy under chapter 7 or 13. Uoldapter 7 their unsecured debt such as credit
card debt, installment loans, medical bills and damagendaire discharged, and filers lose all of their assets
above an exemption levél. Under chapter 13, filers must propose a plan to repay a paufitimeir debts from
future income without losing their assets. Since househioédie the right to choose between the chapters, they
are only obliged to use future earnings to repay debt to tkeneéxhey would repay under chapter 7. Those who
file under chapter 13 are allowed to file again under chaptbufZthe chapter 7 filers cannot file for another 6
years. The bankruptcy flag remains in a filer’s credit hisforyl0 years (see Musto [16].)

Approximately70% of those who seek bankruptcy protection file under chaptexdiao third of those who
file under chapter 13 ended up filing again under chaptérThis paper, however, does not distinguish between
filing under the two chapters and studies a notion of bankyugitnilar to filing under chapter 7.

Figure(1) shows the number of bankruptcy filings by Ameribanseholds in the past two decad@&xcept
three short periods of 1992-94, 1997-2000 and 2003-04,rbatdy filings have been increasing. From 1994 to
1997 bankruptcy filings increased B$% during a period of robust economic expanstérzrom the Survey of
Consumer Finance (SCF), | find % of American households had at least one time filed for bartkyip their
lives by 2004, and from those who had fileé@l4% of them had filed in the past 10 years. That is, more fHan
of American households had a bankruptcy flag on their crastioty.

observed in the data.

8Another possible explanation for more bankruptcy filingslddbe the rise of “uncertainty” in households’ income andeegency ex-
penses. This explanation implies a similar counterfaatiealine in credit provision. Moreover, Livshits et al. [1ff}d its effect on the rise
of filing numbers insignificant.

9Credit limits are reported in 1989 dollars

10Chatterjee et al. [7] provide a model with dynamic updatifigreditors’ beliefs about borrowers’ creditworthinessittthey associate
with credit scores. Their paper does not, however, havéhanyyto say about trends, which is the main point of my paper.

L1Exemption levels differ across states.

12gee Li and Sarte [14] for an elaborated study of bankrupteysfichoice of chapter.

13The percentage of filers for the 1984-95 period are reported Fay et al. [10]. The number of filings for the 1995-2005qare from
www.uscourts.gov and the number of households for thiodeaie from www.census.gov.

14Gross and Souleles [11] study bankruptcy and delinquencyeafit card holders during this period.
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Figure 1: US Household Bankruptcies

Availability of credit cards and their usage has also beetherrise in the past two decades. Figure(2) and
table (1) report the average credit limit for those who haxkas to credit cards and the fraction of population with
credit card access from the SCF 1989-2004. The fractioneoptpulation with positive credit card limit, which
| call the extensive marginf credit supply, rose almos%%. The average credit limit for card holders, which |
call theintensive margirof credit supply, more than doubléel.Just from 1992 to 1998, the intensive margin of
credit supply increased by a factoraf%.

Households also borrowed more on their credit cards. In 1288 of households were revolvers (carrying
positive debt on their credit cards). By 2004 the fractiones@lvers rose td0%. Revolvers’ average credit card
debt almost doubled in this period and went fr8iin 828 in 1989 to$3, 295 in 2004. Just from 1992 to 1998,
revolvers’ debt increased by a factori%. Table (1) reports the average debt level of revolvers andéioolds
with access to credit cards. The average debt level of revkemains almost two times as large as the average
debt level of general card holders, revolvers and non-vevelcombined.

But the increase of average credit limits and debt levels ca¢ thoroughly summarize the changes in the
distributions of these two variables. The standard dewiatif the cross section of credit limits and debt levels
also doubled from 1989 to 2004. This observation is criticathe approach of the paper.

Figure (3) depicts the empirical distributions of credilis (in 1989 dollars) in 1992 and 1998. As it can
be easily noted, the distribution shifted rightward. Bug ghift was not caused by uniformed extension of credit
supply to all card holders. The increase of credit limits $ome households was larger than the increase of
limits for others. To illuminate this point, figure(3) alsepicts a counterfactual distribution, which is made by

15 imits are given in 1989 dollars.
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Figure 2: Rise Of Credit Availability

uniformly increasing the credit limits in 1992 to match tiwege credit limit of 1998. Although the credit limit
distribution of 1998 and the counterfactual distributiamitbhave the same average, the 1998 distribution is more
spread. The uneven extension of credit limits is also docueuby Gross and Souleles ([11]). More interestingly
they report that creditors extended the larger lines toriskg accounts and provided less extension to the riskier
accounts.

Credit card contracts usually consist of a credit limit andrgerest rate. Table (1) reports the average and
standard deviation of credit card interest rates for 199842° From 1995 to 2001, when the Bank Prime Loan
Rate (MPRIME) fluctuated between00% — 9.50%, the average of credit card interest rate remained around
14.5%, and its standard deviation rose almost one percentagefpmim4.29% in 1995 t05.24% in 200117 The
average of credit card interest rates in 2004 decreased46% while MPRIME dropped ta@.00% — 5.00%. The
variation of credit card interest rates across househdddsrase; specifically the standard deviation increased to
6.42%.

The simultaneous increase in the spreads of credit limidraterest rates indicates that creditors have started
to offer more differentiated credit terms to their borroseyariation in credit limits, however, has increased far
more than that of interest rates, especially prior to 2004il&\the standard deviation of limits rose by a factor
of 68% from 1995 to 2001, the standard deviation of interest rateseased by a factor @2%.%8. This facts
motivates why | focus on changes in credit limits rather thariation in interest rates.

Gross and Souleles [12] study borrowers’ response to sagily and report an average “marginal propensity

16SCF did not collect the credit card interest rates prior 8519
"MPRIME is reported from the Board of Governors of the FedReserve System
18stickiness of credit card interest rates have been stugiglbubel [2] and Calem and Mester [6]



| 1989 1992 1995 1998 2001 2004

Cred. Lim Mean| 7,092 7,457 10,390 12,802 13,548 15,223
Debt> 0 7,125 6,579 9,832 11,505 11,964 13,643
Cred. Lim Std.| 11,296 8,223 13,151 17,861 22,055 20,911
Debt> 0 9,624 7,204 11,233 15,696 21,645 18,066
Cred. Debt Mean 954 1,025 1,346 1,696 1,453 1,851
(Card Holders) Debt 0 1,828 1,947 2,404 3,098 2,707 3,295
Cred. Debt Std| 2,120 2,303 3,076 3,979 4,172 4,246
(Card Holders) Debt 0 2,648 2,878 3,788 4,958 5,390 5,228
Interest Rate Mear - - 14.51 14.45 14.36 11.49
Debt> 0 - - 14.14 14.48 14.20 11.81
Interest Rate Std - - 4.29 4.63 5.24 6.42
Debt> 0 - - 4.46 5.04 5.62 6.63
Card Holders 55.91% 62.32% 66.45% 67.54% 72.72% 71.46%
Revolvers(Deht 0) 29.18% 32.83% 37.21% 36.97% 39.01% 40.14%

Table 1: Summary of US Households’ Credit Cards

to consume (MPC) out of liquidity”dDebt/dLimit) in the range ofl0 — 14%. Their study finds that MPC is
significant even for borrowers well below their limits. Aegre MPC of14% implies a$790 increase in the
average credit debt for thth, 645 increase of the average credit limit from 1992 to 1998. Theaaverage
increase of debt level 671 for this period, suggesting that the rise of debt levels @mmbstly attributed to the
increase of credit supply.

According to Gross and Souleles [12] the long-term eldgtiof debt to the interest rate is approximately
—1.3. Although the SCF does not report interest rates for 19%intiplied change of the average debt level due
to the change of interest rates from 1995 to 199858, while the actual average debt level increa$2gi12.
This fact again confirms the paper’'s approach of focusinghenquantity side of the supply of credit, namely
credit limits, rather than the price of credit, namely ietrrates?®

So far, | have reported the credit card limit and debt for asrage household. But how about the credit
card limit and debt level of those who file for bankruptcy? Hoeiseholds who report bankruptcy filing in the
SCF, have usually finished their legal processes and thbirleeels are discharged. Moreover, after filing for
bankruptcy credit cards are cancelled so no informatiomagable from the SCF on the filers’ limit. Not being a
panel dataset, the SCF does not allow me to observe the caeditimit and debt of households just before filing
for bankruptcy?® Therefore, this paper uses the financial description of hapiky filers from Sullivan et al. [18].

Credit card debt(Ratio to income) 1991 | 1997

Mean $10,193(.531) $12,608(.767)
s.d. $13,751(.755) $15,380(1.154)
25th percentile $2,702(.122) $3,864(.167)
median $6,112(.310)  $8,262(.469)
75th percentile $12,807(.645) $14,188(.874)

Table 2: Credit Card Debt Listed in Bankruptcy (in 1989 da)d=rom Sullivan et al.

Table (2) reports the distribution of credit card debt liste bankruptcy in 1991 and 1997 from Sullivan et al.

19Another challenge for studying the effect of interest raielebt level lies in the fact that credit card prices contafrendimensions like
cash back rates, flyer mileages and other point programs @hwb data is available from the SCF.
20 tried to use the PSID, but credit limits are not reportechiat tdataset.
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Figure 3: Distribution of Credit Limits

[18]. Since the SCF data collection and report takes appratély one year, the data on filers’ credit card debt
corresponds to 1992 and 1998 data from the SCF. The tablesgleds the ratio of credit card debt to income for
bankruptcy filers. The average credit card debt of filersaased by a factor &f4%, and the median increased
by a factor of35%, suggesting that the distribution not only shifted rightsvaut also spread. The increase in the
ratio of credit card debt to income is even higher. The awerddhe ratio of credit card debt to income for filers
rose44% while the median increased By %.

This data suggests those who were filing for bankruptcy in7®ére defaulting on much higher levels of
credit card debt. | will study how those who filed for bankmyptould get access to more credit through higher
limits and accumulate larger amounts of debt before defeyuin it.

The next section provides a framework to study the data fai#scribed in this section.

3 Modd

Credit rating agencies usually use a borrower’s credibhysto assess her creditworthiness. Hence borrowers
should potentially take into account the effect of theirrbaiing/payment decisions on their future terms of credit
contracts. The natural method of modeling the credit mavketid be employing dynamic signaling models; these
models, however, are very difficult to analyZ€This paper takes a simple approach to model the improvenfient o

21For an example of a model with dynamic updating of creditdmsliefs about borrowers’ creditworthiness see Chattegfeal. [7].
Extension of credit over time in their model depends on th@ution of household credit scores (or Bayesian postenbtsusehold type).
Effectively their contracts ration through price rathearitquantity limits (which is the focus of my paper). As docutee in the previous



credit risk rating. Creditors receive a public signal ablmotrowers’ types when credit contracts are made. | use
more informative signals as a proxy for the improvement efdtedit rating technology. This paper abstracts away
from how credit scores are developed and just focuses omfbomiation content of signals when a household

starts borrowing on its credit cards.

Musto [16] documents that creditors change their supplyredit as they lose information on the creditwor-
thiness of borrowers due to the removal of the bankruptcyffiam their credit history ten years after the filing
date. This paper tries to study what happens when crediémabe more informed about the creditworthiness of
borrowers due to a better credit rating technology.

It is important to notice the notion of safe and risky aretieta If a safe borrower (a borrower with a high
cost of default) accumulates a large amount of debt, she rmawdre likely to default than a risky borrower (a
borrower with a low cost of default) who has accumulated alshelat. The nature of costs associated with default
are not the focus of this paper. These costs can have diffpegniniary and non-pecuniary forms. An essential
assumption of the paper is the heterogeneity of these cosissaborrowers. That is different households with
the same level of debt make different decisions on bankyfpiegs. Obviously as the level of the debt rises all
households become more likely to default. This paper tdestudy the implication of this heterogeneity for the
supply of credit and bankruptcy filings.

As noted by Calem, Gorday and Mester [5] credit card balasices high persistence with yearly autocorrela-
tion 0f 0.90. That is, households use credit cards for medium- or long-fmancing rather than for short-term or
unanticipated liquidity shocks. This fact is exploited histpaper in modeling households’ motives for borrowing
on their credit cards. Instead of using a Markovian inconaeess with high persistence, | assume households
start with an initial income, then at a random time they switctheir permanent income level, which is likely to
be higher. In this framework, households are not using treidit lines to smooth their consumption whenever
they receive a short-term income or liquidity shock. Indtezredit lines are used for long-term financing, an
implication consistent with the datd.Moreover, this setup allows for a very simple link betwees sapply of
credit and households’ debt level.

An average American household has about four credit carik, wsually different terms of contract (i.e.
different credit limits and interest rates.) However, tiwryd to carry their debt on a single one which offers them
the lowest interest rate. | assume each agent is only alldavetbke credit contract with a single creditor she
chooses. Without this assumption, the agent could be affereontinuum of contracts with incremental credit
limits and increasing interest rates. In that case, thetageuld start borrowing from the contract with the lowest
interest rate and as her debt level increased she would es®ittracts with higher interest rates. This approach
is identical with offering the agent a menu of interest rdteslifferent levels of debf® In order to simplify the
model and focus on the credit limit dimension of credit catdssume each agent can only choose one contract
from the contract offers she receives from creditors.

The model is general in allowing the credit contracts to \arloth credit limit as well as interest rate. For
the quantitative exercise provided afterward, howeverillassume all contracts have a fixed interest rate, and
they only vary in the credit limit.

In the following subsections, first | describe the environtn@hen the household’s problem will be studied.
The creditor’s problem and existence of equilibrium wilhctude the section.

3.1 Environment

Time is continuous and the horizon is infinite. The econonaytstwith a unit measure of agents denoted by
1 € (0,1). Agents discount the future at rafeand their instantaneous utility from consumption is givgreb
strictly increasing and strictly concave functioni-). There is also a competitive market of risk neutral creditor
with access to funds at rate> .

There is aRating Technologwhich sends a public signé(z’) about each agent’s risk typéi) at the begin-

section, credit limits are an important part of the conteaad have experienced the greater part of variation over. time
22For an elaborate model of credit card usage with Markoviaorime process, see Chatterjee, Corbae, Nakajima and RIbERu
23Chatterjee et al. [8] uses this approach.



ning of the economy. Then each agemealizes her typé(i) € [0, 1] which is private information. The joint
distribution of types and signals, denotediblf), 6) is public information.

Agents receive two streams of incomes. First, tgpegents draw theiinitial stream of incomey’, from
a type dependent distributiafj! (-). A type § agent: continues with this stream of (i) units of income till a
random switching time governed by a Poisson process witlpadgpendent paramet®r. Once the switching
time arrives, she will draw hgeermanenincome,y’, from a type dependent distributid (), and she will
receive a certain stream gf” units of income for the rest of her life. We assume the suppbgt’ andy”
are uniformly bounded away from zero for all tygésMoreover, assumé&}/’(-) does not have any mass point.
Agent’s incomes are publicly observable.

Agents can borrow from the credit market, but cannot savendirg contracts can only be made at the
beginning of the economy after receiving the public sigafisut agents types and before the agents realize their
initial incomes. Agents are only allowed to contract withiregée creditor from the pool of competitive creditors.
Creditors are committed to their contracts with each agkstie realizes her permanent income at which point
the contracts can be renegotiated in the competitive matketding contracts are constrained to have a fixed
interest rateyp and a credit limitZ; that is their debt will accumulate at interest ratand can increase up tb.

After realization ofy” agents can make new credit contracts.

At any pointin time, agents are allowed to exercise theiioopdf bankruptcy. If an agent files for bankruptcy,
all of her debt will be forgiven but she cannot borrow from tnedit market anymore. Moreover, after filing for
bankruptcy, agentcan only consumé(i) € [0, 1] fraction of her income from that time on.

To summarize, at the beginning of the economy a competitigdicmarket receives a signal about each
agent’s type, and offers a credit contract which consistsfoded interest rate and a credit limit. Then, the agents
realize their type and initial income and start using theadd line until they realize their permanent income. At
any point agents can default on their debt which will causertio lose a fraction of their income for the rest of
their life.

3.2 Agent’sProblem

Given the offered credit contract, which we denote by the phtredit limit and interest ratéL, p) and after
realizing type,d, and initial incomey’, agents decide on how much to borrow/pay on their credis|irad
whether to file for bankruptcy or not. In particular, at thgimming of time an agent can chodgg), the amount

of borrowing/payment on her credit line if she doesn't sitc her permanent income by timeand whether to
default on her debt at timeif she has not realizeg” by that time. Since agents can only default once, we can
denote the time of filing for bankruptcy &*. That is, if the agent’s income does not switchytd by time 7

she defaults at that time. Obviously agents can choose tdafatilt on their debt before switching to permanent
income, in which cas&™ is set to infinity.

The sequential problem for a tygeagent who has realized incomé and is offered contragt., p) is given
by:

I I Jo e OotO [u(y! + b(t)) + 8oV (D(t); 0)] dt
V(L p); (6,y7)) = Jhax . )
+ fpn eI [u(By”) + 65V P (0)] dt

where the debt level at time< 7™ < oo, denoted byD(t), must satisfy the credit limit constraint:

D(t) = /0 teﬂ<t77>b(7)d7 < L 2)

2Thatis3e > 0 such thatF{ (¢) = FF'(e) = 0 V0.



VP(D;0) is the expected value of realizing the permanent income fypa ¢ agent with debt leveD, and
VP () is the expected value of realizing the permanent income fgp@d agent who has defaulted on her debt
and filed for bankruptcy before realizing her permanentineo

In particular, the expected value of realizing the permamerome after default is:

VP (9) = % / u(by?)dEE (). 3)

When a type agent withD units of debt realizes her permanent incaopie which is observable by the credit
market, since: > 3 she has no incentive to borrow from the credit market witttbetintention of defaulting
on it. Hence the creditors will not allow her to use the rermajrof her credit line after realizing her permanent
income. Thus the agent has to decide on paying back her debtefault on it. If the agent files for bankruptcy,
the present value of her utility from consumit@f the stream of her income is:

1
—u(y").
3 (Oy™)
If the agent decides to pay back her debt, since there is nertamaty about her future income for the competitive

credit market, the charged interest rate will be set.aThen her problem is choosing the stream of payment
amountp to maximize the present value of her consumption given by:

o0
max/ e Plu(y’ — p)dt,

P Jo
subject toD = rD — p. The Hamiltonian for this problem is given by:
H =e"uy” —p)+ \rD —p)

which yields the solutiop = (r — ﬁ)%. In the case of = g, the solution is given by = D, and hence
the present value of the agent’s utility is given by:

%u(yp —rD).

In this case, ify” — rD > 0y* the agent will choose to consolidate her debt at interestrand pay it back,
otherwise she will default on her debt and consu#mE for the rest of her life. Therefore for= 3 we have:

rD

o0

VP (D;0) :% l/oe U(Gyp)de(yP)Jr/m u(y” —rD)dFy (y")| . 4)

1—-6

Agents have three decision to make: (i) whether to defaydagrback their debt after realizing their permanent
income, (ii) whether to default or not before realizing therpanent income, that is to SBt < oo or T = oo,
and (iii) the sequence of borrowing/payméf).

If agent decides to default before realizing her permanerirne, she does not do so before using all of
her available credit limit, or otherwise she can continugdwing and default late®® Let's denote the time of
reaching the credit limit b{". Then if the agent defaults before realizing her permamerarne, that i§™* < oo,
thenT = T*. Later we will show under certain conditions tfais finite, that is even i * = oo and the agent
does not default before switching to the permanent incotreewsll reach her credit limit in finite time if she does
not realize her permanent income for that long.

25Notice that even if she realizes her permanent income thieropt default is still available for her.
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Let's denote the agent’s borrowing at the time of reachimgchedit limit by b* = b(T). If the agent does not
default at the limit, she has to pay the interest charge oflbbt to satisfy the credit limit, that is° = —pL. So
if the agent does not default after reaching the credit lthetcontinuation value from (1) is equal to

1
do + 3

But if she defaults the continuation value will be

[u(y’ — pL) + 6oV (L;6)).

[u(By") + 3oV (0)].

do + 3

So the agent defaults at the credit limit only if:
[u(6y") + 6V (O)] > [uly’ — pL) + 86V (L;6)] (5)

Now if (5) holds and the agent defaults at the limit, thér= 0(T") = b(T*) > —pL. In general:
Lemmal Agent’s borrowing/payment at the credit limit, = b(T") > —pL, satisfies:

[u(y” +b*) + eV (L; 0)] — [u(8y”) + 36V (9)]

yowi *
b <
Wiy +67) < pL + b*

(6)
with equality ifb* > —pL. Moreover, if (5) holds then (6) uniquely determinés

Proof. See the Appendixm

In short, the left hand side of (6) is the marginal benefit afsmomption for an agent just before she reaches
her credit limit. The numerator of the right hand side is tifeecence between the stream of utility before and
after default, and the denominator is the rate of debt irseréar equivalently the rate of approaching the limit as
the time of default.) Overall the right hand side of (6) is tharginal cost of approaching the event of default due
to increasing consumption.

Now knowing the agents decision at her credit limit and whe#ihe defaults or not at the limit let's study her
borrowing decision before reaching the limit. The Hamiltonfor the agent’s problem (1) before reaching the
limit is given by:

L= e CorDty(yl 1 b) + 6V (D;0)] + NpD + b], 7)

and the optimal solution must satisfy:

oL :

D\ +b (8)
9L _ e~ CotDt5 P (D 0) + ph = —X 9)
aD ’

g_i = 0oty (] 4 b) 4 A =0 (10)

We have the solution fdr(T") from (6) which implies the\(T") from (10). Now solving for\ backward from
(9) and then substituting it in (10) fér< 7" we have:

Wyt b)) = e O (T 4 p(T))

T
—/ Spe~VetB=P) =y L (D(7); §)dr. (11)
¢

11



The left hand side of (11) is the marginal utility from incs&ay debt level at timé. The right hand side gives
us the two marginal costs associated with increasing dedlt [Ehe first expression is the marginal cost associated
with getting closer to the limit, hence being credit conisted, and the second expression is the marginal cost of
debt level if the agent realizes her permanent income beéaching the limit.

Figure (4) helps to see the marginal costs. If the agentase®her borrowing for a small period of time but
does not alter it for the rest, then she will reach the crédit Isooner. This is depicted by the altered debt level
reaching the credit limit sooner than the original debt leWéne agent’s consumption for the period of time just
before when she used to reach the credit limit declines. ®rother hand if the agent realizes her permanent
income before reaching the limit, with the altered borrayyishe will carry more debt which is more costly to
pay back.

Borrowing Decision
5 T T T T T

45 y

3.5

2.5 N

Debt

O 1 1 1 1 1
0 5 10 15 20 25 30

time

Figure 4: Change of Borrowing Decision

Notice that we can also consider the borrowing/payment aéuas a function of the outstanding debt,
and the credit contract, p). Thatisb(t) = b(D(t); (L, p)). Then by taking the derivative of (10) with respect
to time and then substituting forfrom (9) we have:

db(D; (L,p)) _ b _ (3o+ 0 — p)u'(y" +b) +6VE (D;0) (12)
dD D W'y +0)(pD + b)

Using b(L; (L, p)) = b* from (6) as the boundary condition, we can fibd; (L, p)) for VD < L by
solving the differential equation (12). Moreover, we cae thgs approach to state some properties of the borrow-
ing/payment function.

12



Lemma?2 b(D; (L, p)) is continuous in debt leveD, credit line, L, and interest rate.

Proof. By constructionb(L; (L, p)) = b* is continuous from (6). The continuity &{D; (L, p)) for D < L
follows from continuity of the solution for the differentiaquation (12).m

Lemma 3 For L; < Lo, if the agent’s solution for (1) finds it optimal to increasetdebt level up to the limit
then:

Proof. See the Appendixm

Theorem 4 If the agent's solution for (1) finds it optimal to increase ttebt level up to the limit ther D; (L, p))
is strictly increasing in L.

Proof. Suppose not, theaD* andL; < Ly, such that
b(D*; (L1, p)) = b(D"; (L2, p))-
Sinceb(Ly1; (L1, p)) < b(Ly; (Le, p)) then by continuityd D** such that
b(D™; (L, p)) = b(D™; (L2, p))
. But in that case (12) implies
b(D; (L1, p)) =b(D;(L2,p)) VD> D"
which contradict$(L1; (L1, p)) < b(L1; (La, p)). ®

The theorem state that when agents are offered higher tirei# they will accumulate more debt. This point
can be seen in figure(5). With the credit limits depicted iis figure, agents do not default after reaching the
credit limit and pay back the interest charge of their delaitiwg for the realization of their permanent income.
Notice that with higher credit limit it takes longer for thgemt to reach the limit. Moreover, as time passes and
agents accumulate debt, their borrowing declines. FoligWl 1) there are two factors contributing to the curbing
of borrowing. First as the debt level goes up agents get ckosthe credit limit which makes her borrowing
constrained. Second as debt accumulates the marginal tdsbb after switching to the permanent income
increases, hence making it more costly to borrow. AlthotngHfirst factor is always in place, the second one may
not.

Figure (6) shows the borrowing schedule for two close ci@dits where with the lower one the agent does
not default after reaching the limit but with the higher lirahe finds the default option optimal once her debt
level equals the credit lim&® This figure also depicts another important fact. Althougargually as the agent
approaches her credit limit she curbs her borrowing dueeditkt factor described above, at the beginning as
time passes and the debt level increase, the agent miglallgdnncreases her borrowing. This is because the
second factor explained above is not in place. That is thegimarcost of debt after switching to the permanent
income is actually shrinking.

Notice that as the debt level goes up, as long as the agent gomg to default on the debt after switching
to her permanent income, the marginal cost of paying backiatseases due to concavity of the utility function.
But if the agent defaults after switching to the permaneodine, then as the debt level rises the probability of
paying back falls. Denote the lower bound for the support’a$ distribution byy”. We can summarize this fact
in the following lemma. B

26The figure shows that there are times when the agent borrowes with the lower credit limit. This is because the agent lasimulated
much more debt by that time when she has a higher limit, and fox. Lo we still have

b(D; (L1, p)) < b(D; (L2, p))
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Figure 5: Borrowing with Different Credit Limits

y7(1-6)

T

y"(1-6)

T

Lemmab5 If r = 3, thenV}' (D; 0) is decreasing inD for D € [0, ] and increasing foD >

Proof. See the Appendixm

Notice that so far we have simply assumed that the agentrz@ito accumulate debt untill reaching the
credit limit. But what if the charged interest raiés so high, or the agent does not expect very high permanent
income, such that she does not find increasing the debt Igvi the credit limit optimal? In particular if the
solution for (12) is such thatD < L whereb(D; (L, p)) = —pD, then the agent stops borrowing after reaching
to the debt leveD. The following lemma provides a sufficient condition for iopality of borrowing up the credit
limit.

Lemma6 Forr = 3, if (0g + 8 — p)u’(y!) + 59‘/};(@; 0) > 0 then the agent does not stop increasing her
debt before getting to the credit limit.

Proof. See the Appendixm

Notice that this condition is independent of the credit tinhi. However, it depends on the contract’s interest
rate,p. Obviously it also depends on the initial income as well @&abent’s expectation of the time of realizing
the future incomedy, the distribution of permanentincomg/” (), and the cost of defau(tt — #). Although the
previous lemma provides a sufficient condition for the agemontinue borrowing, it doesn’t say that the agent
actually reaches the limit or not, which is the subject ofrib&t theorem.

y7(1-0)

r

Theorem 7 Forr = 3, if (0 + B — p)u/(y!) + SoVE ( ;6) > 0 then there exists a tim& such that for
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Figure 6: Borrowing and Default with Different Credit Lirsit

t > T we haveD(t) = L. That is, if agents do not realize their permanent incomeaftang enough time, then
they reach the credit limit.

Proof. Suppose the agent does not reach the credit limit, then farge lenouglt such thatD(¢) ~ L and
b(t) ~ —pL, (11) implies:
dy () = — / 5o~ B=P=OVL (D(7): 0)dr
t

0
do+5—p
which contradictgdy + 3 — p)u'(y! — pL) + 6oVE (L;60) > 0. m

V5 (L;6)

So far, we have studied the effect of the credit limit on baing and debt levels, but not the default rate.
From (5) the probability of default after switching to thep@nent income wittD units of debt is given by:

rD
1—46
When the agent is offered a higher credit limit (as for exang#picted in figure (5)) she will accumulated
more debt. Since the time of switching to the permanent ircsnexogenous and independent of the debt level,
after switching, the probability of having higher debt Iesad therefore the probability of default is higher with
a higher credit limit.

Fy'( ) (13)
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Agents might also default when they reach their credit lineitore switching to their permanent income. This
is depicted in figure (6). In this comparison the higher drbwfit not only causes the agent to accumulate more
debt by the time of switching, but also makes the agent rdgcbredit limit sooner and then default after reaching
the limit.

In summary, a larger credit limit induces agents to borrowenand hence more likely to default. Ceteris
paribus, an agent with low cost of default responds moredeease of credit limit and less to rise of interest rate,
than an agent with high cost of default.

3.3 Creditors Problem

In the previous subsection we studied decision rules of a@yggent who has realized initial incomé and is
offered(L, p) credit contract. Creditors take agents’ decision rulesiasng Given the agents’ decision rule as
a function of the offered credit contract, creditors’ exggelcprofit from offering contradtZ, p) to a typed agent
with initial incomey? is given by:

*

(0, y"): (L, ) = A e p(e) + Sy D)1 — 1P (22D

=t

(14)

whereb(t) andT* are the borrowing and default time decisions which solvef@iLa typed agent with initial
incomey! who is offered credit contra¢t_, p). MoreoverD(t) is the implied debt amount from (2). Notice that
when the agent switches to her permanent income with deéiti2i¢), the probability of paying back her debt is
1— FF ("2 from (13).

When a creditor in the competitive credit market offers alitreontract, the only available information is the
public signald from the Rating Technology. Agents have not realized thgies nor their initial incomes yet.
Denoting the conditional probability of drawing typegiven the signad by w(9|§), a creditor’s expected profit
from offering credit contractZ, p) to an agent with rating signalis:

(L. p) = //m&fwamwﬂwww@. (15)

Recall that when agents are offered the credit contracy, tiaee not realized their type and income yet,
however, they are also aware of the rating signal. Expectiity of an agent with the rating signal from
contract(L, p) is given by:

v%amézszwwmmmmWWWWww (16)

Since we assumed there is no asymmetry of information betagents and creditors when credit contracts
are made, the only contract offered and accepted will berteenhich delivers the highest expected utility subject
to zero profit. That is the offered contract for an agent wétting signald must solve the following creditors’
problem:

maxr, p) VI((La p)a é) (17)
s.t.
H(é7 (La p)) = 0.

Notice that when the signals are not very informative andcheagents with different types and incomes
are lucked into the same contract, then some types genessii@ve profit which is used to compensate the
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losses made on other types. Moreover, lack of informatiarses another inefficiency: there are several pairs of
(L, p) which can generate zero profit from a typagent with initial incomey!, but when agents with different
characteristics are pooled and offered the same conthagtdio not receive the efficient contracts.

Figure(7) shows how a creditor’s profit changes as she isersthe offered credit limit for a fix interest rate
p > r. The figure depicts profit from two different types with thengainitial income. For illustrative purpose |
have assumed the two types have an identical distributipewhanent incomes and the same switching process,
so their only difference is with respect to their defaulttsog\s the limit increases the creditor’s profit rises, since
agents can borrow more but yet do not find it optimal to defanltheir debt, hence fgs > r the creditor's
expected profit rises. For a large enough credit limit, thkieir agent accumulates enough debt to find it optimal
to default, and creditors’ profit from her falls. However tbafer agent still generates more profit. By increasing
the credit limit eventually the safer agent also accumalat®ugh debt to find the default option optimal. This
makes the expected profit from her to fall as well. Next seqti@vides sufficient conditions under which solution
for the creditor’s problem (17) exists.

Profit
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Figure 7: Creditors’ Profit

3.4 Equilibrium Existence

In this part we show the existence of equilibrium, which isuctterized by the solution for creditors’ problem
(17) of offering credit contradtL, p) to an agent with rating signél

Lemma8 I1((#,y’); (L, p)) is continuous in, and p.
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Proof follows from the continuity of the decision rul@nd lack of mass points i/ (-)%".

Lemma 9 If the support ofiy(-|9) is bounded away from zero, the utility functioy) is unbounded from above
and the expected present value of all future income for antagih signald is bounded then:

Jim 11(0; (L, p)) < 0 Vp.
Proof. See the Appendixm }
The proof first shows for any > r we havelim;_.. V/((L, p);§) — oo. Then uses the fact that with
11(6; (L, p)) > 0 the expected utility/Z((L, p); #) is bounded from above.

Theorem 10 If the support of)(-|#) is bounded away from zero, the utility functie1) is unbounded from above
and the expected present value of all future income for antagith signald is bounded then creditors’ problem
(17) has solution.

Proof. See the Appendixm ~ ~
The idea of proof follows from defining*(6; p) as the largest such thafll(¢; (L, p)) = 0. Then showing
VI((L*(0;p), p); 0) attains its maximum.

4 Discussion and Quantitative Example

As stated in the previous section, when a contract is offereither the agent nor the creditor know the agent'’s
true type. The only available information upon which a caatican be made contingent is the exogenous signal
from the Rating technology. Therefore, contracts in my emunent are only conditional on rating signals.
That is, agents with identical signals will receive contsagith identical terms. However, after realization of
types and initial incomes, agents with the same contractahagse different borrowing patterns. Moreover, the
heterogeneous arrival and level of realized permanenhiesdead agents with identical contracts, type and initial
income to accumulate different levels of debt and make diffedefault decisions.

Although the model is general enough to allow both the ctadit and interest rate to be signal dependent, for
the purpose of this discussion and the quantitative exarhplake an assumption which is consistent with data. |
assume credit contracts are all subject to a fixed intergspra r, and the only difference among types is in their
cost of default. In this case the only variation across @mtérfor different signals will be in their credit limits.
Suppose different types are pooled together by the Ratatmtdogy, which is possible if the signals are not very
informative about agents’ types. In equilibrium agentd witeive a credit limit which makes creditors’ expected
profit from the pooling contract equal to zero. The agenth witow cost of default will generate negative profit
which will be compensated by the positive profit generatedhigyagents with high cost of default. Notice that
since agents do not know their type at the time they choose fhe offered contracts, and are not allowed to
change their contract after realization of their type aritighincome, at the time contracts are offered they have
the same preference over the set of offered contracts. filnerereditors cannot separate different types of agents
within the pool of agents with identical Rating signals bfeoihg different contracts.

Moreover, since the agents with high cost of default are rikedy to pay back their debt, the marginal cost
of borrowing is higher for them relative to the agents witlow kost of default. Therefore, with the same credit
limit the high default cost agents accumulate lower levéldabt, and the responsiveness of their debt level to an
increase of their credit limit is also smaller. This preweateditors from raising the credit limit in the pooling
case. Because if the credit limit is increased, then loakentédy low default cost agents which make negative

27When the supplied credit limit is such that the agent is fediint between default or staying at the limit after reaghime credit limit,
then creditor’s profit depends on the fraction of agents wéfault after reaching the limit. Therefof&((0, y!); (L, p)) is a correspondence
of L, however, a continuous one.
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expected profits will increase more than loans taken by h&faudt cost agents which make positive expected
profits.

Now suppose different types are separated by the Ratingaéadjy, which is possible if the signals are infor-
mative about agents’ types. While in the pooling case theoedss subsidization across types, in the separating
case the profit gain from high default cost type cannot be tesedbsidize the loss made on low default cost type.
In that case, the equilibrium supply of credit will increasgnificantly for the high default cost agents. Since the
interest rate is assumed to be fixed, competitive creditdese the credit limit for high default cost agents until
a level where some of them increase their debt level highgmtafind it optimal to default.

In the next subsection, | provide a quantitative examplé@efhodel to account for the increase in the average
credit limit and credit card debt, as well as the rise in thenbar of bankruptcies observed from 1992 to 1998. In
this quantitative example the mechanism which matchesateahn be thought of as an increase in the intensive
margin and not the extensive margin. Afterward, | will prbian explanation for the increase of extensive margin
of credit supply.

4.1 Quantitative Example

Most of the households with positive credit limits do notioov on their credit cards (see the last row of table (1)).
Therefore | restrict my attention to revolvers, who haveitp@sdebt on their credit cards. The model predicts
that households first increase their credit card debt befakzing their permanent income, then either default
on their debt or pay it back. The SCF is not a panel data set soltl;ot use it to observe the dynamics of
households’ credit card debt accumulation or de-accuionlaThe SCF, however, reports households’ answer to
the following question:

Thinking only about Visa, Mastercard, Discover, Optima atate cards, do you almost always,
sometimes, or hardly ever pay off the total balance owed emtitount each month?

Roughly speaking, half of the revolvers answer “they hamllgr pay off the total balance.” This group of
households are those who are accumulating credit card ddbtcall themA-revolvers The last row of table (3)
reports the fraction of A-revolvers from all householdshie BCF 1992 and 1998. The first and third rows report
average ratios of credit limit and credit card debt of A-lgees to their annual incon?&. The standard deviations
of the distributions of ratios of credit limits and credirdalebt of A-revolvers to their incomes are also reported.
The next row reports the fraction of A-revolvers who filed iankruptcy, assuming all filers are also A-revolvers.

Since the fraction of A-revolvers in the population increédooking at the ratio of defaulters to A-revolvers
underestimates the rise of bankruptcy filings. Howeverrdisalt of this quantitative exercise is not sensitive to
using the ratio of defaulters to the average number of Afvere across two years.

A-revolvers 1992 1998

Av. (Cred Lim/Income)| 25.97 % 42.48%

Std. (Cred Lim/Income) 41.38% 77.50%

Av. (Cred Card Debt/Income)) 10.66% 16.95%
Std. (Cred Card Debt/Income) 17.61% 35.46%
Default Rate| 5.86%  7.39%
A-revolvers/Populatiory 16.05% 17.31%

Table 3: Target Moments

cl7o-1

For this exercise | assume the utility function to have camistelative risk aversion, thatigc) = “5——.
The switching process from the initial income to permananbime follows a Poisson process with parameter

28This figures are reported after dropping less than half peage of the subsample who report zero or negative incomiso Itaed the
exercise with the average credit limit and credit card déb-cevolvers divided by their average annual income. Thseilts are very similar
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o0 for all types. The initial income is fixed for all types and thermanent income is drawn from a truncated
exponential distribution:
FyP)y=1- e~ =y")

for all types. Finally | assume there are two tyfles 61, < 0y < 1 with distributionu(6,) =1 — u(0g).

In order to highlight the role of changes in the informatieaftnology, | will consider two cases. In the first
one the signal from the Rating technology contains no infdrom on agents’ types so we have complete pooling
of the two types. In the second case, | assume the signalydrifbrmative so we have complete separation and
each type will receive a different contract.

| try to match the moments generated by the model in the pgalase to the data moments from 1992, and
the moments generated by the model in the separating cale ttata moments from 1998. Clearly the Rating
technology provided some information on households’ typE992, and did not provide full information in 1998.
In particular, households were not offered a single creadid contract in 1992 as the model suggests in the pooling
case. Instead, a distribution of credit card limits werepsiepl by the creditors in 1992. However, the spread of
the distribution of credit limits increased from 1992 to 89%n this quantitative exercise | try to account for the
increase of the spread of the distribution of credit lim&saaesult of a more informative Rating technol&yy

In the pooling case, both types are offered a single cradit IL. p, while in the separating case two credit
limits, L% and L%, are offered. The 1992 data provides a distribution of ¢iédits. To study the increase of
the spread of the credit limit distribution from 1992 to 1998ppose any credit limif from the distribution of

credit limits in 1992 was replaced by two credit I|m|%§vL and S L with weightsp(61,) and (6 ) for the
distribution of credit limits for 1998. In this case, thelfml/mg would hold for the coefficients of variation for
these three distributions:

CV (Ligog)? + 1 = (CV (L1gg2)* + 1)(CV(Lg)* + 1) (18)

whereL 199> andL199g are the distribution of credit limits in 1992 and 1998; is the distribution of credit limits
in the separating case, agtd/(-) = % is the coefficient of variation.

Taking the time unit to b8 months, | calibratgy = r» = In(.01) to be consistent with thé% average annual
growth rate. | sep = In(.03) to be consistent with 2% interest charge on credit [iné%| set the coefficient of
risk aversion to be equal tb | sety’ to be the average quarterly income of A-revolvers from th& 8@ich is
$10,000.31

B P oy
In(0.01) In(0.03) 1 $10,000

| estimate the three parameters related to permanent inpamaehe three parameters related to the default
cost and its distribution to match six target moments. Fdtin® moments are the average ratios of credit limits
to income and credit card debt to income for 1992 and 1998. fifthetarget moment is the default rate of the
A-revolvers in 1992. The last moment to match is the coefiitoid variation of the credit limits in the separating
case implied from 1992 and 1998 data by (18). The last targebemt captures the increase in the spread of
the credit limit distribution from 1992 to 1998. Notice ththe exercise does not target the default rate of the
A-revolversin 1998.

29 the Rating technology sent signals about certain riskratttaristics of borrowers in 1992, by 1998 the signals stilitained the
information about those characteristics. However, as tagng technology became more informative, it could provétene additional
information about the risk characteristics of borrowerse ¥dn interpret the switch from the pooling case (uninfoiveasignal) to the
separating case (fully informative signal) as the provibadditional information by the Rating technology on loavers.

3O0Notice that the average credit card interest rate in thigoges around14.50 — 15.00%. However, since the model generates the
equilibrium credit limits by equalizing creditors’ profib zero, we should consider creditors operational costspiagmate this cost to be
3% from the difference between the Bank Prime Loan Rate andéderal Fund Rate.

31Since | usdog utility and the target moments are ratios relative to incothis variable is not important.
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An identity weight matrix is used to minimize the percentageiation of the moments generated from the
model from the targeted moments, which provides us with asistent estimator. The estimated values are as
follows and the moments generated from the model are reporte@ble (4) (the targeted values are inside the
parentheses).

1) gp n GH 9L ,LL(QH)
0.1607 4.9635 0.0760 0.9893 0.9749 0.4251

The estimated parameters for permanent income implies erage households’ permanent income is about
81% larger than their initial income, and on average it takesiadoone and a half years before switching to per-
manent income. Generally speaking this is consistent Wwittharacteristics of the income process of households
during financial distress.

Pooling (Data1992) Separating (Data 1998)

Target Av. (Cred Lim/Income) 25.87% (25.97 %) 42.92% (42.48%)
Moments Av. (Cred Card Debt/Income)10.65% (10.66%) 16.74% (16.95%)

Default Rate| 5.90% (5.86%)

Coefficient of Variation 42.78% (47.25%)

Overidentifying Default Rate 6.40% (7.39%)
Moments Cred Card Debt/Incomel10.51% (53.10%) 40.40% (76.70%)

of Defaulter

Table 4: Generated Moments

| estimate six parameters to match six moments from the délte default rate of 1998, however, is not
amongst the target moments of this exercise and hence caebeatest for consistency of the model. According
to data the default rate by A-revolvers rose from®6% in 1992 t07.39% in 1998. The model generates an increase
of default rate fron5.90% to 6.40%, which can account for about one third of the increase in haptky filings
in the data. Given the simple structure of the model and tbigifat the exercise did not target the increase in the
bankruptcy filings the result is quite appealing.

The ratio of credit card debt to income generated by the maareported from data are provided in the last
row of table(4) (Data moments are from Sullivan et al. [18))e average credit card debt of a defaulter generated
by the model is far less than the defaulters’ credit card defpdrted in the data. Moreover, although the model
gualitatively matches the increase in the debt level of bapiicy filers, it generates a far bigger increase than in
the data.

Table(5) reports limits, debt, default rates and averageldeel of a defaulter for both types in both cases. In
the pooling case agents with high default costs (i.e. thetyafe) borrow very little and do not default at all. Due
to their small debt level they do not compensate the creditot for the loss made on the riskier agents. Hence
when they are separated borrowing and default by the rigigents does not change significantly. However, in
the separating case, the safer types are offered a much ¢xegkt limit so they accumulate larger debts and this
results in more frequent default.

Although the model does relatively well in accounting foe tise of the default rate, it fails to quantitatively
to match the increase of credit card debt levels of filerss Thbecause the safer types only default when their
debt level is really high; therefore in the separating casemiodel generates a high level of credit card debt for
the filers with the high cost of default.

Finally | use the estimated parameters to generate a cdactigal motivated by the stigma explanation of the
rise of bankruptcy. Instead of changing the informationatire from pooling to separation, | keep the pooling
information structure but increase the fraction of highk igpes to generate the increase of bankruptcy filings
equal to the separating case. This goal is attained by charige fraction of typ&y from p(6y) = 42% to
w(0) = 90%. However, this decreases the equilibrium credit limi21098% of income and the average debt
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Pooling Separating
Low Default Cost Lim/Income 25.87% 21.57%
0 (Risky) Debt/Income| 15.58% 11.68%
Def Rate 13.89% 7.62%

Def Debt/Income 24.72% 20.88%

High Default Cost Lim/Income 25.87% 58.71%
01, (Safe) Debt/Income 7.01% 20.48%
Def Rate 0.00% 5.50%

Def Debt/Income - 54.84%

Table 5: Generated Moments for Different Types

level increases only slightly tbl.53% of income, both contradicting the significant increasimmits observed in
the datd?.

4.2 Riseof Extensive Margin

The model can also explain the rise of the extensive margoredit supply. As we noted earlier, the fraction
of households with access to credit cards rose f56ff in 1989 to72% in 2004. Assume there is a type who
incurs no cost after default, thatds= 1. Supply of credit to this type only generates a loss for ¢ogdiand the
loss is increasing in the credit limit. Now suppose a smalttion of another typ@8* < 1, who incurs some cost
from default and hence does not default on a low level of delgipoled together with typ@ = 1 by the Rating
technology. In this pooling case, no credit will be suppliedhe typed* agents who are pooled with tyge= 1
agents. But when the Rating technology separates the tves tyfpese typé* agents will receive a positive credit
limit.

5 Conclusion

This paper is a first attempt at providing an informationgdlaration for the rise of household bankruptcy. |
simultaneously account for the increase of credit suppty the corresponding increase in average credit card
debt. The extension of credit supply follows from the sefiancof revolvers with different degrees of riskiness.
The rise of bankruptcy is explained by the increase in théahiity of credit for the revolvers with high costs of
default, which allows them to accumulate more credit cattat.dé/hile these revolvers are less likely to default
on a low amount of debt, they default more frequently whey Heeumulate larger amounts of debt.

Using simulated method of moments | provide a simple quatité example of matching the average credit
limit and debt levels, as well as the increase in the spred#ladeoéredit limit distribution. The model accounts for
about one third of the increase in the default rate, whicluisecappealing given the simple structure of the model.

The model can be enriched by relaxing certain strong assangxnd can address other interesting questions.
In particular it can be used to study why creditors find it oyati to vary the credit limit more than the interest
rate. This may be informative about revolvers’ income psses.

Understanding the rise of household bankruptcy has impbplicy implications. If the rise of bankruptcy
filings is due to the decline of stigma, the policy responsmifhbe tightening the bankruptcy code to increase the
cost of bankruptcy, similar to what the 2005 change of baptcyucode tries to do. But if the rise of bankruptcy
filings results from a more informed credit market, thentigting of bankruptcy code is not necessarily required.

32To generate an increase in the default rate similar to thre@se generated by the informational explanation, whibtlalisof the increase
observed in the data (0 ) = 42% should increase tp(0) = 55.4%. In this case the equilibrium credit limit decrease4028% of
income, and the average debt level slightly increasé® 1@2% of income, again contradicting the data trends.
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Finally, Huggett [13] and Aiyagari [3] pointed out the impance of credit limits for households’ precaution-
ary saving motives and therefore the aggregate price ofatapihis paper does not address household saving
decisions, but tackles the question of how credit limitsalecated, which has an important role in household
saving decisions and hence the aggregate capital stockatmay, it can be used to complement the study of
Chatterjee, et. al. [8] who study how bankruptcy affectsdhugital rate of return.
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Appendix
Lemma 1 Agent's borrowing/payment at the credit limbt; = b(T") > —pL, satisfies:

[u(y’ +b) + V" (L:0)] — [u(0y") + 5oV (0)]
pL + b*

u'(yt +b) <
with equality ifb* > —pL. Moreover, if (5) holds then (6) uniquely determirtés

Proof. If (5) does not hold, i.e. the agent does not find it optimal éfadlt at the credit limit, theh* = —pL
which satisfies (6). If (5) holds and the agent defaults atith&, then (6) uniquely determinds’. To see this
point note that (6) can be rearranged as:

o' (y + %) (pL + %) — [u(y? +b%) + 6oVE(L; 0)] + [u(8y’) + 66V (9)] = 0. (19)

If (6) holds, then left hand side of (19), which is decreasing' due to concavity ofi(-), is positive fo* = —pL.
Moreover, sincex(-) is strictly concave a&* — oo, left hand side approachesx. Then by continuity (6) has a
unigue solution.

The optimality of solution for (19) follows from using cals of variation for borrowing amourii when
D = L — e for a very smalk. Suppose the agent wants to maximize her utility for the Aexperiods, where\t
is small enough, after which she will for sure default. If #gent borrows a constant streanbdbefore reaching
the credit limit, when she will default, then it approximigteakesAt = pLD_f{) periods to reach the limit. So the
agent will approximately receive utility

Atlu(y" +b%) + 6o VE(L; 0)] + (A — At)[u(0y’) + 59V P (0)].
Taking first order condition with respecttoand then letting — 0, yields (19). m

Lemma 3 For Ly < Lo, if the agent’s solution for (1) finds it optimal to increake tlebt level up to the limit
then:

b(L1; (L1, p)) < b(La; (L2, p)).

Proof. If b(Ly; (L1, p)) = —pL4, that is the agent does not default at the limit, then sineetfent increases her
debt level up to the limit we should hab€L; (Lo, p)) > —pLy.

If b(L1; (L1, p)) = —pL4, thatis the agent defaults at credit lindi, then from (5) it follows that she also
defaults at credit limitLo, thereforeb(Lq; (L1, p)) andb(Ls; (L2, p)) are both governed by (19). From (19) it
follows that:

db* - —pu'(y" +b) + 5V (D3 0) (20)
dL u’(y! +b)(pD +b)
Now comparing (20) and (12) it follows that
db* _ db(D; (L, p))
dL dD Dol
hence by continuity ob* andb(D; (L, p) it follows
b(L1; (L1, p)) < b(L1s (L2, p))-
|

EP(l_e)]

Lemma5If r = 3, thenV2 (D; ) is decreasing iD for D € [0 - and increasing fob >

r
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P —
Proof. For D € [0, M], concavity of V' (D; #) follows from concavity ofu(-) since the agent does not

default after realizing her permanent income.

y"(1-6)

For < D; < D5 we have:

VEWa6) = ~ [, "~ rDa)dEf (")
1—6

= —/ o' (y" —rDy)dFS (y")

D2 —r(D2—D1)

> f/T u/(yp—rDl)dFGP(yp)

= VA (Di;(y',0))
where the inequality follows fronb, > D; andu/(-) > 0. m

QP(l—Q) .

T ’

Lemma6 Forr = 3, if (6 + B — p)u’(y!) + 0o VL (
her debt before getting to the credit limit.

) > 0 then the agent does not stop increasing

Proof. The previous lemma guarantees tﬁ%?%ﬁu’(yf) +VE(D;0) > 0forvD > 0.

Suppose the agent stops increasing her debt level aboweat ispD + b(D) = 0, while D < L. In this
case the marginal benefit from increasing the borrowing arhisdy + B (y! + b(D)) and the marginal cost
is pu’(y! + b(D)) — 6VE (D;0). Concavity ofu(-) guarantee$sy + 8 — p)u'(y' + b(D)) + VL (D;0) > 0

hence it is optimal to increa$¢D) and therefore the debt leveh

Lemma 9 If the support ofy(-|0) is bounded away from zero, the utility functiarf-) is unbounded from
above and the expected present value of all future incomafagent with signal is bounded then:

lim TI(6; (L, p)) < 0 Vp.

L—oo

Proof. First we show for any > r we havelimy, .., V' ((L, p); #) — co. Next we show iflI(d; (L, p)) > 0
thenV’((L, p); 0) is bounded from above.

For any credit limitZ, consider the plan of borrowing= effl duringt € [0, 1], and then defaulting. Also
always defaulting after realizing the permanent incomeis plan delivers the expected present value of utility
equal to

1 L 3
||+ 5 [“—6’(69+5)>U<y1+e,f—p+e—<ée+ﬁ>u<ey1>+6evl’<e> aFL (4" )du(6]0)

This is a lower bound fob’’((L, p); ), and If the support of)(-|0) is bounded away from zero, this lower
bound goes to infinity a5 — oo, due to unboundednesswof.). HenceV ! ((L, p); #)) is unbounded as — oc.
Let’'s 77; denotes the stream of income which has the same presentasathe expected present value of all

future income for an agent with rating sigreat interest rate. That is

7 = / / / — - (19" + 00y )AFS (o7 VA (v 010).

Due to the concavity of(-), if T1(0; (L, p)) > 0thenV! ((L, p); 6) < Su(¥). SinceV!((L, p); ) is bounded

from above wherdl(6; (L, p)) > 0 and is unbounded whelh — oo, we concludéimy, ., I1(6; (L, p)) <0 m
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Theorem 10 If the support ofi(-|0) is bounded away from zero, the utility functien-) is unbounded from
above and the expected present value of all future incomarfagent with signat is bounded then creditors’
problem (17) has solution.

Proof. By definition, for a given interest rate, agent's expected utilityI(d; (L, p)) is increasing, as agents
can opt out and do not use credit limit. Lefs (; p) denotes the largest such thatll(d; (L, p)) = 0. Since

I1(6; (0, p)) = 0 andII(d; (L, p)) is continuous irL., the previous lemma guarantees the existence and unigienes
of L*(é; p). Creditors’ problem (17) can be rewritten as:

max VI((L*(0;p), p); 0) (21)

Notice thatV ! ((L*(6; p), p); §) is continuous irp. i i
Following the proof of the previous lemma we knd ((L*(6; p), p); 0) < %u(y_é) for Vp. Since the support

of y andy” are uniformly bounded away from zero, the support:¢46) is bounded away from zero ang is
finite, 3p such that fop > 5 no agent increases her debt level above zero if she is offecedtract with interest
ratep, that is R R ~

VI((L*(8;p), p);0) = VI(0,);6) Yp>P.

The bounded continuous functidff ((L*(6; p), p); §) attains its maximum on a compact selt
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