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provide evidence that these borrowers, who tend to live in relatively low-income neighborhoods,
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I. Introduction

During the Great Recession of 2007-2008, the U.S. experienced a massive increase in residential

mortgage defaults and foreclosures not seen since the Great Depression. For example, the Financial

Crisis Inquiry Commission reports that 9.7% of all mortgages were in default by the end of 2009

compared to approximately 1% at the start of the decade.1 While the decline in house prices

between 2007 and 2009 is obviously one of the primary causes for the significant number of mortgage

defaults registered during the crisis, financial economists have only recently begun to examine

the role of mortgage fraud and adverse selection in exacerbating the consequences of the 2007-

2009 housing bust. Evidence is mounting that the great mortgage expansion that accompanied

the rise in home prices coincided with increases in mortgage fraud related to misrepresentations

of borrower income (Jiang, Nelson, and Vytlacil (2014), and Mian and Sufi (2015)), borrower

assets (Garmaise (2015)), inflated appraisals (Ben-David (2011), Agarwal, Ben-David, and Yao

(Forthcoming), Agarwal, Ambrose, and Yao (2014), and Griffin and Maturana (2015)), and second

liens and owner-occupancy status (Piskorski, Seru, and Witkin (2015)).2 As a result, regulators

and policy makers have implemented new rules to combat perceived abuses in mortgage lending.3

Thus, the purpose of this paper is to shed light on how borrower heterogeneity with respect to

employment status contributed to income misrepresentation and adverse selection, and how these

risks are mitigated by lender pricing and borrower concerns about reputation. From a policy

perspective, our results echo the concerns raised by Keys, Mukherjee, Seru, and Vig (2009), Rajan

and Vig (2010), and Piskorski, Seru, and Vig (2010) among others concerning the need to carefully

weigh the costs and benefits of new financial regulations.

The role of borrower income misrepresentation leading up to the financial crisis is the source

of considerable debate. For example, Mian and Sufi (2009) and Mian and Sufi (2015) argue that

borrower income falsification was a leading culprit in facilitating the expansion of mortgage credit

1See U.S. (2011), page 215. Default is defined as “90-days or more past due or in foreclosure.”
2In addition to mispresentation at the loan origination level, Piskorski, Seru, and Witkin (2015) find evidence

suggesting that mispresentation was endemic in the secondary market (between originators and investors) as well.
Furthermore, Agarwal and Evanoff (2013) provide evidence of systematic predatory lending practices by loan origi-
nators. These practices may have exacerbated the consequences of mortgage fraud

3For example, the Consumer Financial Protections Bureau adopted the “Ability to Repay Rule” that requires
lenders to provide greater documentation of borrower income, and the Federal Housing Finance Agency, in conjunction
with the New York Attorney General’s office, issued the Home Valuation Code of Conduct (HVCC) that was designed
to reduce the incidences of inflated appraisals.
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during the 2002 to 2006 housing boom period. Supporting this argument, Jiang, Nelson, and

Vytlacil (2014) show that income falsification occurred on low-documentation loans resulting in

elevated defaults, particularly for loans originated through the wholesale channel. However, the

role of income falsification is controversial. For example, Paley and Tzioumis (2011) show that

low-documentation loans are not necessarily riskier than their full-documentation counterparts, de-

pending on borrower creditworthiness and whether the lender or the borrower initiates the loan.4

However, none of the previous studies have examined the impact of borrower heterogeneity with

respect to employment status. Thus, this paper contributes to the debate concerning income

overstatement and mortgage credit expansion by extending the analysis of borrower income mis-

representation and adverse selection observed across mortgage types and borrower employment

status.

Our analysis builds on the theoretical insights developed in Diamond (1989) and Diamond (1991)

regarding the role of borrower reputation in ameliorating adverse selection and income falsification.

By focusing on differences in employment status, we show that the majority of adverse selection

and income falsification is confined to a specific borrower group that was never intended to utilize

the low-documentation product. Thus, our results show that broad policies designed to eliminate

activities associated with excesses in mortgage originations during the housing boom may have

unintended consequences.

Since the potential for mortgage fraud and adverse selection have always been present, lenders

have long relied on underwriting guidelines to limit this risk. However, Burke, Taylor, and Wagman

(2012) illustrate how lender screening to reject higher risk applicants results in greater adverse

selection.5 One such underwriting metric is the debt-to-income ratio that limits the loan amount

based on the borrower’s income. This metric, in combination with the loan-to-value (LTV) ratio,

serves to limit the borrower’s housing consumption. As a result, borrowers seeking to maximize

their housing consumption or investment have an incentive to exaggerate their income in order to

reduce the debt-to-income ratio in order to qualify for a higher loan amount.

Recognizing the borrower’s incentive to circumvent these metrics, mortgage lenders require

4Adelino, Schoar, and Severino (2015) also cast doubt on the hypothesis of wide-spread borrower income falsifica-
tion.

5However, the presence of adverse selection at mortgage origination is not universally accepted. For example,
Agarwal, Chang, and Yavas (2012) rely on differences in loan performance between prime and subprime markets to
claim that adverse selection was less severe in the subprime market.
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proof of reported assets and incomes in order to verify that the borrower is capable of repaying

the debt. Over time the mortgage industry came to refer to these types of mortgages as “full

documentation” (or full-doc) loans. In addition to the full-doc requirement that the lender verify

information contained on the mortgage application, the growth in computerized credit reporting

bureaus created the ability for lenders to engage in a form of risk-based pricing. The central idea

behind the credit rating is that it attempts to provide a numeric score that quantifies a borrower’s

reputation.

Unfortunately, many potential borrowers are unable to comply with the full-doc mortgage un-

derwriting requirements. For example, self-employed borrowers may have difficulty in verifying

incomes and others may find the documentation requirements too burdensome. However, rec-

ognizing that these borrowers are effectively credit rationed in the traditional loan market, the

mortgage industry developed an alternative low-documentation (low-doc), or stated-income stated-

asset loan.6 Under this type of product, the lender does not verify the borrowers’ claims of income

or assets recorded on the mortgage application but rather relies on borrower concerns about their

reputation to assess the probability of repayment.7 Unfortunately, the low-doc product provides

an avenue for some borrowers to inflate or exaggerate their incomes in order to qualify for larger

mortgages. While borrowers are still subject to civil or criminal legal actions for providing inaccu-

rate information, the costs associated with pursuing borrowers who fraudulently overstate income

or assets often exceed the possible claims, particularly if the loan is still performing. Herein lies

the tension in the low-doc product: as long as the borrower is making payments, the lender does

not have an incentive to take actions against the borrower for falsely representing their income or

assets.

We theoretically and empirically demonstrate that borrowers who are unable to access credit

channels that depend on observable risk measures (i.e. the full-documentation mortgage market)

will place greater value on reputation acquisition than borrowers that have access to the full credit

market. Although we find that low-doc loans experience higher ex post default rates than full-

doc loans, the relationship is strongest for low-doc W2 loans – the borrowers with the ability to

6See Paley and Tzioumis (2011) and LaCour-Little and Yang (2013). We use the terms low-doc, no-doc, and
stated-income interchangeably.

7Obviously, lenders recognized the higher risk associated with low-doc mortgages and accordingly charged higher
contract interest rates.

3



access the full documentation origination channel. In other words, we find that the majority of the

additional risk associated with low-doc loans is due to adverse selection on the part of borrowers

with verifiable income. We conjecture that these borrowers likely selected into low-doc loans in

order to inflate income to increase housing consumption.

In an important recent contribution, Jiang, Nelson, and Vytlacil (2014) attempt to quantify

the amount of income inflation on low-doc loans to W2 borrowers. Their results suggest that W2

borrowers with low-doc loans exaggerated income by 20% to 25%. Using a similar methodology on

loans originated by a different lender, we estimate that income inflation averaged 11% on low-doc

loans to W2 borrowers. Thus, our study provides an additional point estimate for the level of

income overstatement on so-called “liars’ loans.” Additionally, to our knowledge, we are the first

to provide evidence that self-employed borrowers refrain from overstating income when applying

for mortgage loans. In fact, our results show that self-employed borrowers selecting low-doc loans

report incomes that are, on average, 7% below predictions from an income estimation model.

Furthermore, we show that income inflation is directly related to ex post mortgage default for

W2 borrowers, but the connection is less clear for the self-employed, which suggests that income

falsification is most problematic on low-doc loans originated by borrowers with less need to maintain

a positive reputation (W2 borrowers). Additionally, we provide evidence that the lender was aware

of, and priced, both reputational risk and income exaggeration. However, premiums were set

at a level that allowed adverse selection and untruthful reporting to persist in equilibrium. We

also investigate how other forms of reputation impact adverse selection in mortgage contracts.

Specifically, we show that the low-doc effect on mortgage performance is reduced for borrowers

with established positive credit reputation (e.g. borrowers with a high FICO score or a history of

mortgage repayment). Taken together, these results suggest that reputation can mitigate adverse

selection and private information in debt contracts. Finally, supporting the findings of Mian and

Sufi (2015), we document that mortgages to borrowers who were the most likely to overstate income

were concentrated in lower income neighborhoods.

Figure 1 demonstrates why understanding the role of reputation in limited information contracts

is particularly important for self-employed borrowers. Using data from one of the largest subprime

lenders in the run-up to the crisis, the figure shows the proportion of low-doc loans to self-employed

and W2 borrowers by origination year. Roughly 80% of self-employed borrowers obtain low-doc
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loans, compared to only 30% for W2 borrowers. Clearly, low-doc loans are favored by the type

of borrowers that they were originally intended for: the self-employed. Stated differently, limited

information debt contracts are an important source of credit for borrowers that are likely to be

credit rationed under full information (full-doc) mortgage contracts.

Our findings are particularly important in light of the Consumer Financial Protections Bureau’s

(CFPB) “Ability to Repay Rule,” which went into effect in January of 2014. This rule implements

sections 1411 and 1412 of the Dodd-Frank Wall Street Reform and Consumer Protection Act (Dodd-

Frank Act), requiring that lenders verify and document a potential borrower’s ability to repay the

loan.8 Loans that do not meet the rule leave the lender exposed to significant litigation risks,

effectively eliminating the low-doc loan market.

Unfortunately, eliminating the low-doc market likely results in regulator-imposed credit ra-

tioning against self-employed borrowers. Consistent with this idea, Green (2014, p.19) provides a

telling description of the current mortgage market: “[W]hile people who draw regular salaries and

receive W-2 forms from the Internal Revenue Service at the end of each year have fairly ready access

to mortgage credit, self-employed people find it very difficult to obtain a mortgage. This is even

true for people who can document a long history of self-employment income.” However, this credit

rationing against self-employed borrowers is likely unnecessary. We argue that the low-doc loan

channel provides access to credit for self-employed borrowers, without a large increase in default

risk, since the value of reputation for self-employed borrowers significantly reduces the problems of

adverse selection and income exaggeration endemic to low-doc loans to W2 borrowers. As a result,

our analyses confirm the intuition embedded in models of reputation in financial contracting (e.g.,

Diamond (1989)).

Our paper proceeds as follows. In section II, we discuss the interaction of borrower type based on

income verification costs and mortgage product selection. We develop a stylized model to motivate

our empirical analysis. Section III discusses the data and summary statistics. Section IV presents

the empirical results and section V concludes.

8The Dodd-Frank Act is available online at https://www.sec.gov/about/laws/wallstreetreform-cpa.pdf. Informa-
tion of the “Ability to Repay Rule” is available at http://www.consumerfinance.gov/regulations/ability-to-repay-
and-qualified-mortgage-standards-under-the-truth-in-lending-act-regulation-z/#rule.
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II. A Simple Model

To formulate testable hypotheses concerning the presence of adverse selection and borrower

reputation, we first categorize mortgage contracts into high and low information loans based on the

amount and extent of borrower information collected by the lender during the underwriting process.

High information contracts represent full-doc mortgages where the loan originator collects and

verifies the borrower’s financial information (income and assets) as reported on the loan application.

In contrast, low information contracts represent low-doc mortgages where the originator does not

independently verify the borrower’s claims concerning assets or income.

Next, we categorize borrowers with respect to information verification costs. For example,

borrowers who are self-employed often face high information verification costs since they are unable

to provide lenders with a W2 tax document from an employer. In contrast, borrowers who are

employed by a third party have low information verification costs since they can easily produce an

employer generated W2 statement that documents their income.

Obviously, the lender understands that low information contracts are ex ante riskier and prices

them accordingly. Furthermore, since the level of borrower income is often a critical component in

determining the maximum loan amount, the lender is aware of the possibility that some borrowers

may inflate their reported income using the low information contract in order to secure a higher

loan amount than would otherwise be available.

Borrowers also understand that the lender is concerned about low information contracts and

that their reputation enhances their ability to obtain future credit as Diamond (1989) demonstrates.

Thus, a natural response for borrowers who face high information verification costs (i.e., the self-

employed) is to build a reputation with lenders. In contrast, reputation is less important for

borrowers who can obtain future credit through the high information contracts (the W2 borrowers).

Thus, reputation concerns are positively correlated with information verification costs. At the same

time, there is heterogeneity in reputation concerns within each borrower type. For example, some

of the W2 borrowers may desire to maintain high credit scores if they may need to arrange small

business loans in the future. On the other hand, for some self-employed borrowers, reputation may

not be important if they do not need additional loans after the current ones.

To clarify the role of reputation, we present the mortgage rate sheet for New Century Mortgage

6



Corporation (Figure 2). The rate sheet lists the interest rates charged on mortgages (as of March 30,

2007) originated by New Century based on whether the borrower was willing to verify income and

assets (“Full Doc”) or did not provide tax returns and bank accounts to verify income and assets

(“Stated Doc”). Each block in the rate sheet represents a borrower risk class (“AAA through C”)

that is based on the number of late payments, prior default records, or bankruptcy filings. Shaded

areas without interest rates indicate that the loan product is not offered to borrowers that have

credit scores in those risk categories.

To see the impact of reputation, consider a high information cost borrower rated “A+” with

a credit score of 660 who seeks an 85% loan-to-value (LTV) ratio mortgage.9 Since this borrower

finds it costly to verify income, he applies under the “Stated Doc” product type and is quoted a

contract interest rate of 7.925%. The impact of reputation becomes apparent if the borrower is

downgraded to the “B” category (e.g., by a 60-day late experience) before seeking to refinance into

a new mortgage. Under the “B” category, New Century does not offer a stated doc loan at an

85% LTV; i.e., the borrower is effectively credit constrained unless he is willing to move to a lower

LTV mortgage at a higher contract rate. In contrast, a comparable low information cost borrower

that experienced a similar downgrade could easily switch to a full doc product with the same LTV.

Since both borrowers are aware of this difference in borrowing constraints, reputation is relatively

more valuable to the high verification cost borrower.10

We present a stylized model to motivate our empirical analysis. In the spirit of the Diamond

(1991) model, we introduce a reputation factor into the borrowers’ contract selection decision.11

We introduce three aspects of borrower heterogeneity: information verification costs, reputation

concerns, and the loan demand relative to income. We specify the borrower’s reduced-form objective

function on the basis of the amount of debt originated today and at some date future date.12

9The “A+” category indicates that this borrower was 30-days late on a previous mortgage only once in the last
twelve months.

10Although our example assumes borrowers accurately report their income, we recognize that the low information
cost borrower may have falsified their income and thus not have sufficient “true” or verifiable income to qualify for a
full doc product with the same LTV after a downgrade. However, this does not alter our intuition above because the
LTV available to this borrower is still higher than the LTV available on a low-doc mortgage to a comparable high
verification cost borrower.

11Key differences between two models are that we consider: (1) the borrower’s optimal choice, (2) debt instruments
with complete and incomplete monitoring, (3) liquidity default, and (4) two borrowing opportunities for an individual
borrower.

12This two-loan objective function can be derived from a standard consumption choice model, in which a borrower
gains utility by intertemporally smoothing consumption or by owning a house that better matches her unique personal
taste.
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Specifically, the borrower’s utility is expressed by the following equation:

U = u (L1;µ)− C1 + ρE [u (L2;µ)− C2] , (1)

where Lt and Ct (t = {1, 2}) denote the debt amount and costs associated with the loan at period

t. Parameter ρ ∈ [0, 1] represents the borrower’s reputation value; a borrower has no reputation

concerns if ρ = 0 and a maximal reputation concern if ρ = 1. Equivalently, ρ can be interpreted

as the probability of originating a second loan. We assume u (L;µ) is a felicity function with

∂u/∂L > 0, ∂2u/∂L2 < 0, and ∂u/∂µ > 0.13 Parameter µ represents the borrower’s loan demand.

Loan demand is large if a borrower expects larger income growth, puts a higher utility weight on

housing consumption, or is more tolerant of higher amounts of leverage.

Two types of loans are available for a borrower: full-doc and low-doc loans. For a full-doc loan,

a borrower must prepare an income document. A borrower’s true income y is private information,

but the lender can verify this income by obtaining an appropriate document. For borrowers who

have W2 tax documents, the cost of producing an income verification document is low
(
cL
)
. In

contrast, self-employed borrowers incur a high income verification costs
(
cH
)
. These documentation

costs are measured in the unit of utility and we normalize cL to be zero.

The lender uses the borrower’s reported income to determine the loan amount. For a full-

doc loan, the loan amount (LF ) is a linear function of the borrower’s true income: LF = αy,

where α is a constant debt-to-income ratio. For a low-doc loan, a borrower reports her stated

income yS . The stated income can deviate from the true income by an unobserved positive factor

x : yS = xy. The variable x represents the degree of the borrower’s income exaggeration. For a

low-doc loan, the lender uses an alternative debt-to-income ratio β to determine the loan amount:

LN (x) = βyS = βxy.

For simplicity, we model the mortgage as similar to a discount bond; the borrower receives the

loan amount and pays the entire interest cost at origination, and pays back the total loan amount at

maturity. Between origination and maturity, the borrower regularly sets aside part of her income

in a sinking fund to pay off the loan at maturity. The borrower will default at maturity if she

cannot build a sufficient fund due to negative income shocks during the loan term. We abstract

13We use u(L;µ) = µ
√
L for analytical convenience, but another concave function such as a log utility function

gives essentially the same result.
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from stochastic income and collateral processes to keep the model simple. Instead, we assume that

the probability of default D ∈ (0, 1) is an increasing function of the relative debt-to-income ratio:

D
′
(z) > 0, z ≡ βx/α.14 When z = 1, the default probability is the same for the low-doc loan and

full-doc loans because the ratio of the sinking fund payment to the initial true income is identical.

As z increases, the borrower is less likely to accumulate a sufficient repayment fund because the

annuity payment is large relative to the initial true income.

The lender cannot infer the borrower’s loan demand from the loan amount because a large loan

amount can arise from large loan demand or large income. Without verification, the lender has no

information about the borrower’s true income. The lender cannot infer the borrower’s loan demand

from a default event because a non-exaggerating borrower may also default on a loan. However,

based on the inference about the average loan demand of a borrower group, the lender determines

the loan interest rate. The interest rate for a full-doc loan is normalized to zero, and the interest

spread for a low-doc loan is rLN .

A low-doc borrower may lose her reputation after the first loan with probability p, due to the

lender’s random audit.15 When reputation is damaged, a W2 borrower can still arrange a standard

full-doc loan in the second period (possibly from another lender). However, a self-employed borrower

can only arrange a smaller low-doc loan: LND = βy. Furthermore, the borrower additionally pays a

penalty that depends on the degree of income exaggeration in the first period: γxLND .

The utility gains from full-doc loans for W2
(
UFW
)

and self-employed borrowers
(
UFS
)

are,

respectively,

UFW = u
(
LF ;µ

)
+ ρu

(
LF ;µ

)
, (2)

and

UFS = u
(
LF ;µ

)
− cH + ρ

(
u
(
LF ;µ

)
− cH

)
. (3)

The utility gains from low-doc loans for W2
(
UNW
)

and self-employed borrowers
(
UNS
)

are, respec-

14For example, if D(z) = (1 + δ/z)−1, where δ is a positive constant, then D(z) has the following properties:
limz→0 D(z) = 0, limz→∞D(z) = 1, D(1) = 1/(1 + δ).

15If p represents the default probability, our result will be enhanced because a borrower who exaggerates income
will be more likely to lose reputation.
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tively,

UNW (x) = u
(
LN (x) ;µ

)
− rLN (x) + ρ

[
pu
(
LF ;µ

)
+ (1− p)

(
u
(
LN (x) ;µ

)
− rLN (x)

)]
, (4)

and

UNS (x) = u
(
LN (x) ;µ

)
− rLN (x)

+ ρ
[
p
(
u
(
LND ;µ

)
− rLND − γxLND

)
+ (1− p)

(
u
(
LN (x) ;µ

)
− rLN (x)

)]
. (5)

We first analyze a borrower’s utility-maximizing choice of income exaggeration for a low-doc loan,

given a loan cost r. Then we analyze the borrower’s choice between a low-doc and full-doc loan. The

details of the solution are outlined in the Appendix. We obtain the following three propositions.

Proposition 1: Self-employed borrowers with reputation concerns exaggerate income less than oth-

erwise identical W2 borrowers or self-employed borrowers without reputation concerns. Specifically,

the level of income exaggeration is:

xW =
µ2

4r2βy

for W2 borrowers and self-employed borrowers without reputation concerns, and

xS = AxW , where A ≡
[
1 +

ρpγ

(1 + ρ (1− p)) r

]−2

∈ (0, 1]

for self-employed borrowers with reputation concerns.

The degree of income exaggeration (x) is small if the loan demand (µ) is small, the interest cost

(r) is large, and the borrower can arrange a large loan amount on the basis of true income (βy). The

difference in income exaggeration between a self-employed borrower who values her reputation and

other borrowers is greater if the penalty for untruthful reporting is more severe (γ is larger), the

probability of detection is greater (p is larger), or the self-employed borrower has greater reputation

concerns (ρ is greater). Note that the amount of a low-doc loan does not depend on β because the

borrower can adjust her stated income in response to the lender’s debt-to-income criterion. It is

straightforward to link the degree of income exaggeration to the probability of default.
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Proposition 2: The probability of default is smaller for a self-employed borrower who values her rep-

utation than for an otherwise identical W2 borrower or a self-employed borrower without reputation

concerns. Specifically, the default probability is:

D

(
βxW
α

)
≥ D

(
βxS
α

)
.

The equation holds with equality if ρpγ = 0.

A borrower chooses between a full-doc loan and a low-doc loan on the basis of the relative utility

benefit. The utility benefit of a low-doc loan over a full-doc loan for a W2 borrower is:

BN
W (µ) ≡ UNW (xW )− UFW = (1 + ρ (1− p))

(
µ2

4r
−√αyµ

)
. (6)

For a self-employed borrower, the utility benefit is:

BN
S (µ) ≡ UNS (xS)− UFS = θ1µ

2 + θ2µ+ θ3, (7)

where θ1 > 0, θ2 < 0, and θ3 ≡ (1 + ρ)cH − ρprβy are specified in Appendix. Both equations are

convex quadratic functions of µ. The former takes a value of zero when µ = µ∗ ≡ 4r
√
αy. The

latter exhibits the following properties: BN
S (0) = θ3 and minBN

S (µ) = θ3 − θ2
2/4θ1. Depending on

the value of θ3, the solution to BN
S (µ) = 0 has zero, one, or two roots. Using these properties, we

obtain the following proposition.

Proposition 3: W2 borrowers, irrespective of reputation concerns, choose low-doc loans if and only

if loan demand µ is greater than µ∗W ≡ 4r
√
αy. Self-employed borrower choice depends on the cost

of income verification: For cH >
(
ρprβy + θ2

2/4θ1

)
/(1 + ρ), all self-employed borrowers choose

low-doc loans. For cH < ρprβy/(1 + ρ), a self-employed borrower chooses a low-doc loan if and

only if µ > µ∗S = − θ2
2θ1

+

√
θ2
2

4θ2
1

+ θ3
θ1

. Otherwise, a self-employed borrower chooses a low-doc loan if

and only if µ > µ∗S or µ < µ∗∗S = − θ2
2θ1
−
√

θ2
2

4θ2
1

+ θ3
θ1

.

On the basis of the comparative statics of µ∗W , µ∗S , and µ∗∗S , more borrowers will choose low-doc

loans if the low-doc loan is less costly (r is smaller) or a full-doc loan amount is small (αy is small).

In addition, more self-employed borrowers will choose low-doc loans if the income verification cost

11



is larger (cH is large). As a consequence, when the income verification cost is sufficiently large, the

use of low-doc loan is more prevalent in a self-employed sample than in a W2 sample.

In equilibrium, the lender will charge a positive interest rate premium for low-doc loans by

recognizing that borrowers who have stronger incentives to exaggerate income will select low doc

loans. Moreover, the rate premium will be greater for W2 borrowers because the average default risk

of the W2 low-doc borrowers is higher than that of self-employed low-doc borrowers. Furthermore,

if the lender can estimate the level of income falsification of an individual borrower, the lender may

charge a larger rate premium for a high estimated value of income falsification. Although the rate

premium will mitigate the adverse selection and untruthful income reporting, it will not completely

eliminate the problems. By increasing a spread, the lender faces a trade-off between the benefit

of mitigating the problems and the cost of decreasing the total loan volume. By charging a high

spread to completely eliminate the problems, the lender will lose opportunities to extend low-doc

loans to the borrowers who only moderately exaggerate income. Thus, the problems of adverse

selection and untruthful reporting will persist in equilibrium.

To summarize, based on the insights derived from our theoretical model, we develop the fol-

lowing empirical predictions concerning borrower reputation and adverse selection. First, low-doc

loans will be preferred by borrowers with high information verification costs (self-employed). Sec-

ond, borrowers will on average exaggerate income for low-doc mortgages, and the level of income

falsification will be higher in the sample of the W2 borrowers than self-employed borrowers. In

other words, income exaggeration is negatively related to borrower value of reputation. Third,

the ex post probability of default will be lower for self-employed low-doc borrowers than for W2

low-doc borrowers. Fourth, there will be a positive mortgage rate premium for low-doc loans, and

the premium will be larger for W2 low-doc borrowers than for self-employed low-doc borrowers.

Finally, a rate premium will be positively related to income falsification. These predictions are

summarized in Table I.
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III. Data and Summary Statistics

A. Data

The main dataset used in the analysis contains loans originated by New Century Financial

Corporation (New Century). New Century was one of the largest subprime lenders in the run-up

to the recent mortgage crisis, with a large portion of its business originated through independent

mortgage brokers. Along with originations, New Century also serviced mortgage loans and held a

portfolio of loans as investments. New Century collected detailed borrower and collateral informa-

tion at the time of origination, as well as contractual features of the loans. Also, for the loans that

New Century serviced, monthly mortgage performance data is available.

From the loan origination records, we identify the borrower’s employment type (e.g. W2 versus

self-employed), as well as the level of income documentation (e.g. full-doc vs stated income.)

We focus only on first-lien loans with complete servicing data that were originated through the

mortgage broker channel between 1998 and 2005.16 Following Conklin (Forthcoming), to limit the

effect of outliers and data entry errors we exclude loans where (1) total fees are negative or greater

than 15% of the loan amount; (2) the yield spread premium paid from the bank to the broker is

negative or greater than 5% of the loan amount; (3) the combined loan to value at origination is

negative or greater than 125%; (4) the borrower’s FICO score is less than 450 or greater than 850;

(6) the debt-to-income ratio is negative or greater than 60%; (7) the borrower’s monthly income is

negative or greater than $26,900 and (8) borrower age is less than 18 or greater than 99. The final

sample includes 460,301 funded mortgage loans.

We also obtain data from several supplemental sources. First, market interest rate data come

from the Federal Reserve Bank of St. Louis’s Federal Reserve Economic Data and Freddie Mac’s

Primary Mortgage Market Survey. Second, monthly MSA level unemployment rates are obtained

from the Bureau of Labor and Statistics. Finally, the Pahl Index for mortgage broker regulations at

the state level is collected from Pahl (2007) where higher values of the Pahl index indicate stricter

regulation of brokers at the state level.

16We focus on brokered loans since the majority of New Century’s originations were through brokers.
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B. Summary Statistics

Table II presents the summary statistics for the sample separated by employment status and

loan type. We note that 21% of the borrowers have high information verification costs (self-

employed), with the remainder having low information verification costs (received a W2 at year’s

end). Consistent with New Century’s concentration in the subprime market niche, nearly 40% of

the mortgages are low-doc loans. In comparison, Paley and Tzioumis (2011) state that roughly one

third of all loans originated between 2000 - 2007 were low/no doc loans. We also note that 5% of

the loans fall at least 60 days behind on their mortgage within the first 24 months after origination.

Since New Century sold the majority of its loans within six months of origination, the observed

default is a lower bound on the actual default rate.17

Turning to loan characteristics, the average interest rate spread is 4.72%, and an overwhelming

majority are adjustable rate mortgages (ARMs).18 The mean loan amount is $193,000 with a

combined loan to value ratio (CLTV) at origination of 83%. Furthermore, 34% of the loans are

originated to purchase a home, while 56% are refinance loans with the borrower extracting equity

(CASH).19 The average FICO score is 613. Taken together, the summary statistics clearly reflect

the fact that New Century was primarily a subprime lender with mortgages originated to higher

risk borrowers.

In terms of observable borrower characteristics, Table II shows that the average borrower is 43

years old with an income of $6,200 per month. In addition, we note that 40% of the borrowers

are minorities, and a large share (44%) were originated in the West region of the United States

as classified by the U.S. Census Bureau. Since New Century began its operations in California,

the strong focus in the West is not surprising. Furthermore, consistent with the entire subprime

market, New Century experienced significant growth from 2000 through 2005 (Chomsisengphet and

Pennington-Cross (2006)).

Several key differences across the borrower groups stand out. First, loans to high information

17Some of the loans that exit the sample due to the transfer of servicing rights likely defaulted at a later period.
Unfortunately, we cannot distinguish between loans that prepaid and loans where the servicing rights were transferred.
Thus, standard techniques for handling competing risks with censored data cannot be employed.

18The rate spread is the initial contract rate minus the two year constant maturity Treasury rate at the time of
origination. The average note rate on the mortgages is 7.68%, and the ARMs are actually “hybrid ARMs,” with an
initial fixed rate period (typically two years) with the interest rate adjusting every six months thereafter.

19The remaining 10% of loans are for rate/term refinances. These are cases where generally the borrower is
refinancing to obtain an interest rate lower than the rate on the current mortgage.

14



verification cost borrowers are much more likely to be low-doc (80% of the self-employed subsample

are low-doc loans, compared to 30% for the W2 subsample.) This is not surprising since the

low-doc product was designed specifically for borrowers with difficult to verify financial situations.

Also, the average loan amount in the W2 subsample is $46,000 lower than the average for the

self-employed group. Consistent with the difference in average loan sizes, the self-employed report

a higher average income. Finally, the average FICO score is higher in the self employed subsample.

Since the summary statistics suggest that differences exist among the four borrower and loan

product groups (low-doc self-employed, low-doc W2, full-doc self-employed, and full-doc W2),

we report the kernel density distributions for borrower and mortgage characteristics in Figures

3 and 4, respectively. First, in Figure 3, we see that the credit risk distribution for full-doc

loans (W2 and self-employed) are wider and skewed lower than the low-doc borrower distributions.

This is consistent with the lender imposing a higher underwriting screen on low-doc mortgages

where borrowers have a greater opportunity to embellish their debt payment capacity. Second,

the borrower income distribution for full-doc W2 loans is skewed lower than the other groups. In

terms of borrower age, we see little difference in the kernel density distributions across the groups.

Turning to loan characteristics, Figure 4 reveals a sizable difference in the distribution of loan

amounts between the full-doc W2 borrowers and the other three groups. Figure 4 also reveals an

interesting difference in loan pricing across the four groups. First, it appears that full-doc W2

borrowers have a higher proportion of high-fee mortgages. Second, the interest rate spread on

full-doc loans (regardless of whether to a W2 borrower or self-employed borrower) are essentially

the same. However, the interest rate spread distribution for the low-doc W2 borrowers is skewed

higher. Thus, it appears that from a pricing perspective, the lender did anticipate that borrowers

with W2s who selected low-doc loans were potentially higher risk and priced them accordingly. Yet,

full-doc W2 borrowers tended to pay higher origination fees (as a percentage of their loan amount)

than low-doc borrowers.

To summarize, we note that several important differences exist between full-doc and low-doc

loans according to borrower information verification cost type. First, borrowers with low infor-

mation verification costs (W2 borrowers) that select the low-doc loan product have higher average

reported incomes and loan amounts than similar borrowers who select the full documentation loans.

Second, low-doc loans for the W2 borrowers experience higher levels of ex post default. Third, we
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do not observe a similar pattern for borrowers with high information verification costs. For self-

employed borrowers, the average income and loan amount are similar regardless of the loan type.

Furthermore, low-doc loans to self-employed borrowers do not have higher average default rates.

Thus, the summary statistics provide preliminary evidence that is consistent with the popular

narrative that low-doc loans were “liar’s loans,” but the role of borrower reputation may have

ameliorated this tendency as low-doc loans to self-employed borrowers do not appear to have the

same issues of income overstatement, loan amount distortion, or increased mortgage default risk.

IV. Results

A. Reputation and Mortgage Performance

To test for adverse selection and borrower reputation, we estimate the following loan-level

regression of mortgage default:

Pr(DEFAULTit) = Φ(α+ β1W2i + β2Lowdoci + β3W2i × Lowdoci

+δXi + θRt + ϑWit + γT ), (8)

where DEFAULTit is an indicator for mortgage default for loan i originated at time t, and Φ is

the standard normal cumulative distribution function.20 Xi represents information collected and

recorded on the loan application. This information includes loan characteristics (fees charged on

the loan, loan amount, combined loan-to-value ratio, whether the loan has a prepayment penalty,

purchase or refinance, cash-out or rate/term refinance, and whether the payments are interest-

only), property characteristics (two-unit, condominium, owner-occupied or investment property),

and borrower characteristics (FICO score, borrower age, borrower income, debt-to-income ratio,

whether the borrower met in person with the loan officer, and minority status). Rt captures

market interest rates at the time of origination. The area characteristics, Wit, include the monthly

MSA unemployment rate, the level of broker competition, the Pahl index capturing the level of

broker regulation at the state level, and the census region (West, Midwest, South, Northeast, or

20The default variable takes a value of one if the loan becomes 60 or more days delinquent within 24 months of
origination. Unfortunately data limitations prevent us from observing loan performance in the mortgage crisis since
the payment history is only available through the beginning of 2007 in the New Century database.
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Pacific).21 T is a set of variables denoting mortgage origination year to control for loan cohort

effects. Throughout the analysis, unless otherwise stated, the reported standard errors are robust

to heteroskedasticity and within cluster correlation of errors at the MSA level.

The parameters β1, β2, and β3 are the primary coefficients of interest and capture the differential

effect of borrower reputation on the probability of default. The reference category is full income

documentation loans originated to high information verification cost (self-employed) borrowers.

β1 represents the difference in outcome for borrowers with low information verification costs (i.e.,

when the employment type is W2.) β2 captures the change in outcome when the loan type is

low-doc. Finally, β1 + β2 + β3 reflects the effect of borrowers with the least concern for reputation

as it captures borrowers with low information verification costs (W2 = 1) who originate a low

information content mortgage (Lowdoc = 1).

Table III presents the estimated marginal effects from the maximum likelihood estimation of

equation 8. Since Ai and Norton (2003), Williams (2012) and Buis (2010) note that reporting and

interpreting a single marginal effect of an interaction term in a nonlinear model can be problematic

and misleading, we follow Williams (2012) and report the marginal effects of low-doc at represen-

tative values for borrower employment type (e.g. at values of zero and one for W2 ).22 In column

[1], the marginal effects indicate that low-doc loans are associated with higher ex post default rates,

regardless of employment type. This is consistent with the increased risk associated with low-doc

loans and supports the pricing effect observed in Table II. However, the difference in magnitude

between the effects for self-employed and W2 borrowers shows a more complex relationship and is

consistent with borrower reputation mitigating default risk. First, for borrowers with the highest

concern for reputation (self-employed borrowers), the marginal effect of Lowdoc is modest (0.38%).

To place this in perspective, dividing the marginal effect by the mean default rate (0.0038/.0511)

indicates that self-employed borrowers originating low-doc loans have a 7.4% higher probability of

default than the reference group (self-employed borrowers originating full-doc loan.) In contrast,

for borrowers with the least concern for reputation value (W2 borrowers) moving from a full-doc to

21Broker competition is computed as the quarterly Herfindahl-Hirchman Index in each MSA as in Ambrose and
Conklin (2014).

22In unreported results we calculate a single estimate for the marginal effect of the interaction term us-
ing marginal effects at the sample means and the results are qualitatively unchanged. William’s provides
a detailed discussion of the differences between average marginal effects and marginal effects at the mean
http://www3.nd.edu/˜rwilliam/stats/Margins01.pdf.
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a low-doc mortgage is associated with a 24% increase about the mean in mortgage default, ceteris

paribus.23 In other words, low-doc loans to self-employed borrowers pose modest additional default

risk, consistent with the theory that borrowers with high information verification costs value rep-

utation. However, low-doc loans to W2 borrowers have substantially higher default rates, in line

with the hypothesis that they have less reputation value since they can easily switch to full-doc

mortgages in the future where reputation is less important.

Although we include time-varying controls at the MSA level to account for local economic

conditions, the possibility remains that unobserved time-constant geographic effects are driving the

observed effect. Thus, as a robustness check, we include MSA fixed effects to address this concern

(column [2]).24 The results are virtually identical and confirm that low-doc mortgages have a higher

likelihood of default, but the marginal effect is much larger for W2 borrowers.

To summarize, Table III provides several key insights. First, full-doc loans to self-employed

borrowers are, ex post, marginally riskier than full-doc loans to W2 borrowers. This makes sense

as income for self-employed borrowers is likely more volatile. Second, low-doc loans, in general, are

riskier than full-doc loans. Third, and most importantly, a distinction exists between low-doc loans

originated to self-employed borrowers (those with the highest incentive to value reputation) and

low-doc mortgages originated by W2 borrowers (those with the least incentive to value reputation).

Consistent with the hypothesis that reputation is valuable for preserving access to future capital,

the magnitude of the change in default risk is considerably larger for W2 borrowers originating

low-doc loans.

B. Income Exaggeration and Mortgage Performance

In this section we explore the interaction of adverse selection and reputation with respect to

borrower income falsification. We measure income exaggeration following the method outlined in

Jiang, Nelson, and Vytlacil (2014) and assume that a borrower’s income is a linear function of

borrower characteristics (credit rating, race, sex, and age), area characteristics (median annual

income and unemployment rate in the borrower’s MSA), origination year dummies, and state

23This is calculated by taking the ratio of the marginal effect to the average W2 borrower default rate
(0.0113/0.0477.)

24Since several MSAs had no defaults, the number of observations included in the regression in column [2] is lower
than in column [1].
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dummies. For each employment type, we estimate a linear regression using a randomly generated

subsample of the full income documentation loans.25

Table IV reports the coefficient estimates for the income regressions. The signs and significance

of the coefficients generally match across the two subsamples. The coefficients indicate that women

and minorities have lower incomes while borrowers with higher credit reputation have higher in-

comes. An individual’s income is positively related to the median MSA income, and negatively

related to the MSA unemployment level.

We use the coefficients in Table IV to compute out-of-sample estimates of income for the low-doc

and full-doc loan borrowers that were not used in the income regressions. To calculate an estimate of

income exaggeration (INC EXAG), we subtract the estimated income from the reported income,

and divide by the estimated income. INC EXAG represents the percentage variation between the

borrower’s reported income and estimated income.26

Table V presents descriptive statistics for INC EXAG across employment and documentation

type. For low information verification cost borrowers (W2 borrowers) originating low-doc loans, the

average estimated income overstatement is 11%, compared with −0.04% for full-doc W2 loans.27

To put our income exaggeration measure into perspective, using a sample of loans from a different

lender, Jiang, Nelson, and Vytlacil (2014) estimate income overstatement of 20% to 25% on low-doc

loans to W2 borrowers. Although the magnitudes differ somewhat across our studies, both estimates

suggest that low-doc loans to W2 borrowers are in fact “liars’ loans.” In contrast, for borrowers with

the most incentive to value reputation (self-employed borrowers with high information verification

costs), INC EXAG is actually lower for the low-doc subsample than for the full-doc subsample.

Figure 5 depicts the kernel density distributions for INC EXAG. The distributions for full-doc

loans represent the income variations that are not explained by our model because by definition

there is no exaggeration for full-doc loans. It is apparent that the distribution for low-doc W2

borrowers is shifted rightward relative to the distribution for the full-doc benchmark. In contrast,

the distribution for low-doc self-employed borrowers is concentrated in a moderately negative range

around −0.4 compared with the full-doc benchmark. As a consequence, the fraction of borrowers

with large exaggerations is smaller in the low-doc self-employed sample.

25The randomly generated subsamples include half of all the full-doc loans for each employment type.
26INC EXAG is winsorized at the at the 1% level, but the main results are unchanged without winsorization.
27Positive residuals indicate income exaggeration.
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To formally identify the extent of income falsification, we estimate the following regression:

Pr(INC EXTREMEit) = Φ(α+ β1W2i + β2Lowdoci + β3W2i × Lowdoci

+ δXi + θRt + ϑWit + γT ), (9)

where INC EXTREMEit is a dummy variable equal to one if INC EXAGit is in the top decile

for the borrower’s employment type, and Xi, Rt, Wit, and T are defined in equation (8).28 Equation

(9) tests whether borrowers selecting low-doc loans are more likely to have extreme positive values

of income exaggeration and whether this effect depends on the value of reputation.

Table VI reports the marginal effects (MERs) of Lowdoc for self-employed and W2 borrowers.

For self-employed borrowers, selection of a low-doc loan is not significantly related to the probability

of extreme income exaggeration. However, W2 borrowers originating low-doc loans are significantly

more likely to have extreme income overstatement. These results are consistent with the hypothesis

that borrowers with the lowest ex ante value for reputation (W2 borrowers originating low-doc

loans) are likely to inflate income, but reputation acts as a mechanism to reduce income exaggeration

on low-doc loans to self-employed borrowers.29

Finally, to estimate the impact of income exaggeration on ex post mortgage default, we estimate

the following regression:

Pr(DEFAULTit) = Φ(α+ β1W2i + β2Lowdoci + β3W2i × Lowdoci

+ λ1INC EXAGi + λ2W2i × INC EXAGi + λ3Lowdoci × INC EXAGi+

λ4W2i × Lowdoci × INC EXAGi + δXi + θRt + ϑWit + γT ), (11)

where Xi, Rt, Wit, and T are defined in equation (8). To provide more comprehensive insight into

the observed effect, we compute the average marginal effects of Lowdoc at different values of the

28INC EXTREME takes a value of one if INC EXAG is greater than 0.68 or 0.61 for W2 and self-employed
borrowers, respectively.

29As a robustness check, we estimate the following OLS model of income exaggeration:

INC EXAGit = α+ β1W2i + β2Lowdoci + β3W2i × Lowdoci + δXi + θRt + ϑWit + γT + εit. (10)

The results show that Lowdoc is positively related to our measure of income exaggeration for both employment
types, but that income exaggeration increases in low-doc loans when the borrower is likely to have less concern for
reputation (i.e., W2 borrowers). This is consistent with our findings reported in Table VI when we estimate equation
(9). Tabulated results are available upon request.
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income exaggeration measures and present the results graphically.30

Figure 6 plots the marginal effect of low-doc at different levels of INC EXAG across employment

types.31 We note that the average marginal effect of low-doc is higher at each level of INC EXAG.

In addition, we see that higher levels of income exaggeration have a larger impact on default, and

the slope is steeper for W2 borrowers. Interestingly, for self-employed borrowers, zero is contained

in the confidence interval for the marginal effect of Lowdoc at each level of INC EXAG. Thus,

to summarize, we find that income falsification is positively related to default for low-doc loans.

In addition, the relationship between income exaggeration and default is stronger for W2 (versus

self-employed) loans. Therefore, the results support the hypothesis that borrowers with low ex ante

value for reputation that self select into low information mortgages are most likely to inflate income

during loan origination and this risk manifests itself in higher ex post default rates.

C. Low-doc Loans and Credit Reputation

Next, we examine the interaction of low-doc, employment type, and credit history. We mea-

sure credit history that is observable at origination using the borrower’s credit (FICO) score, a

standard risk metric used in mortgage underwriting in the United States. Over time an individual

develops a reputation with creditors through credit usage and debt repayment patterns. The FICO

score quantifies this reputation, with higher scores reflecting more credit-worthy borrowers, ceteris

paribus. Since credit scores are widely used for lending, insurance, and employment decisions, a

strong credit reputation, as indicated by a high FICO score, is a valuable asset for a borrower.

In this section we test whether observed credit reputation mitigates the default risk of borrowers

that otherwise have signaled a low value for reputation (W2 borrowers selecting low-doc loans).

Our regression now takes the form

Pr(DEFAULTit) = Φ(α+ β1W2i + β2Lowdoci + β3W2i × Lowdoci

+ λ1FICOi + λ2W2i × FICOi + λ3Lowdoci × FICOi+

λ4W2i × Lowdoci × FICOi + δXi + θRt + ϑWit + γT ), (12)

30Tabulated results are available upon request.
31The horizontal axis in Figure 6 runs from the 5th to the 95th percentile of INC EXAG.
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where FICOi is the borrower’s credit score at origination. All other variables are as defined in

equation (8). The three-way interaction of W2 with Lowdoc and FICO allows us to test whether

an established credit reputation ameliorates the additional default risk of low-doc loans.

Figure 7 graphs the average marginal effects of low-doc, by employment type, across FICO

scores. For low-cost verification borrowers (W2), the downward sloping line provides some evidence

that credit reputation counteracts the income exaggeration problem inherent in low-doc loans. That

is, borrowers with higher FICO scores have lower default probabilities. However, the same result

does not hold for self-employed borrowers. Interestingly, we note that the average marginal effect

of Lowdoc increases over the lower range of FICO scores for self-employed borrowers. Given the

wide confidence intervals, we are careful not to interpret the results in this section too strongly.

However, Figure 7 does suggest that the increased risk associated with low-doc loans is most severe

for borrowers that are least likely to value repuation: W2 borrowers with low FICO scores.

D. Reputation and Refinancing

In this section, we explore whether reputation value differs depending on the purpose of the

debt. To achieve identification, we rely on differences between borrowers who originate mortgages

to purchase homes versus those that are refinancing an existing debt. First, borrowers who origi-

nate subprime loans for home purchases typically have severely impaired or limited credit history

(Alexander, Grimshaw, McQueen, and Slade (2002)), indicating that they either have low value on

reputation or have not yet established a valuable reputation. Second, borrowers seeking to refinance

an existing mortgage have heterogeneous opinions regarding the value of credit reputation. How-

ever, the fact that the borrower is refinancing an existing mortgage suggests that credit reputation

is probably highly valued. For example, borrowers who have already established a positive repu-

tation through previous mortgage repayment patterns may place a high value on maintaining that

reputation in order to facilitate future access to credit. In addition, borrowers who are refinancing

a debt as part of a plan to repair damaged credit also recognize the value of positive reputation,

and thus seek to re-establish reputation through the use of a “credit-repair” loan (Mayer, Pence,

and Sherlund (2009). As a result, relative to population of home purchase borrowers, the average

refinancing borrower should place higher value on reputation and thus is less likely to engage in

adverse selection in the application process.
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To investigate whether loan purpose affects income falsification, we split our sample into four

categories according to employment type and loan purpose (W2/Purchase, W2/Refinance, Self-

employed/Purchase, and Self-employed/Refinance). Panel A of Table VII presents the average

default rate for each subsample. Consistent with the role of reputation, we see that the average

default rate for refinancing borrowers is lower than for purchase borrowers. We hypothesize that

reputation is less of a deterrent to adverse selection in the purchase subsamples, ceteris paribus. To

test this hypothesis, we estimate equation (8) for each subsample and report the marginal effect of

Lowdoc in Panel B of Table VII.32 As expected, the marginal effects show that borrowers selecting

low-doc loans (Lowdoc) have a higher probability of default in all subsamples except for the Self-

employed/Refinance category where we expect borrowers to have the highest value on reputation.

To put the marginal effects into perspective, Panel C divides the marginal effect by the mean

probability of default for each subsample. Consistent with our findings in previous sections, moving

from left to right in Panel C shows that low-doc has less of an effect on the probability of default

for the borrowers that are likely to place a high value on reputation (self-employed). Comparing

the top row to the bottom row in panel C (Purchase versus Refinance), we see that low-doc has less

of an effect on refinance loans and purchase mortgages. For the set of borrowers where reputation

is expected to have the greatest impact (i.e. self-employed refinancing borrowers), the use of a low-

doc loan increases the probability of default by 4 percent around the sample mean. In contrast,

low-doc loans increase the probability of default by 29 percent and 23 percent, respectively, in the

subsample of borrowers that originated the loan to purchase a home. Thus, the results lend support

to the hypothesis that borrower reputation mitigates adverse selection.

E. Reputation, Income Falsification, and Mortgage Pricing

The previous sections demonstrate that low-doc loans to borrowers with a low value for repu-

tation are riskier due to income inflation. In this section, we examine whether the lender priced

32Full tables are available from the authors upon request. Since the probit regressions are run separately for each
subsample, W2, Lowdoc × W2, and the purchase indicator variable are not included in the regressions. We include
all other control variables from equation (8) in the estimation.
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this risk. To test this hypothesis we estimate the following OLS model of pricing:

RATE SPREADij = α+ β1W2i + β2Lowdoci + β3{W2i × Lowdoci}

+λ1INC EXTREMEi + λ2{W2i × INC EXTREMEi}

+λ3{Lowdoci × INC EXTREMEi}

+λ4{W2i × Lowdoci × INC EXTREMEi}

+δXi + θR+ ϑWj + γT + εij , (13)

where RATE SPREAD is the note rate on the mortgage minus the two year T-bill rate in the

month of origination, with the control variables as defined in Section III. Column [1] of Table VIII

reports the coefficient estimates from the pricing regression using the entire sample. Relative to

full-doc self-employed borrowers, interest rates on loans to W2 borrowers are 11 basis points lower.

The second and third rows of column [1] suggest that the lender recognized differences in low-doc

loan quality according to borrower reputation. Low-doc loans to borrowers with a low value for

reputation (W2) carried an additional risk premium of 15 basis points relative to low-doc loans

to self-employed borrowers. Interestingly, although most of the additional risk on low-doc loans is

attributable to borrowers with low value for reputation, the majority of the low-doc premium (53

basis points) applies to all borrower types.

The second column of Table VIII includes the sample for which we estimated INC EXTREME.

The coefficients on Lowdoc and W2 × Lowdoc are nearly identical to those in column [1]. The

coefficient on INC EXTREME suggests that full-doc self-employed borrowers with high income

levels (relative to our model estimates) pay a rate premium. The same result holds for full-doc

W2 borrowers with high levels of income. Since INC EXTREME for a full-doc borrower does not

contain income falsification, this rate premium corresponds to a higher risk in a mortgage originated

to a high-income individual, possibly due to a higher risk in income or collateral value. This

rate premium on INC EXTREME is not significantly different for low-doc loans to self-employed

borrowers. However, the rate premium on INC EXTREME is significantly larger for low-doc loans

to the W2 borrowers. This result indicates the lender’s awareness that income falsification is not

severe among the self-employed low-doc borrowers but it is significant among the W2 low-doc
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borrowers who have a low value for reputation.

The results in column [2] are broadly consistent with the lender recognizing, and pricing, the

increased risk associated with income exaggeration on low-doc loans to W2 borrowers: the low-doc

premium is higher when the loan is to a W2 borrower, and even higher still when the W2 borrower’s

reported income appears to be inflated. However, it is important to recognize that loan pricing

is the result of two processes: 1) the lender’s risk based pricing and 2) negotiations between the

borrower and the originator. Although we cannot fully disentangle each of these effects, Figure

2 provides some insight. Clearly there is a risk-based premium moving from the “FULL DOC”

to the “STATED DOC” side of the pricing sheet. In addition, when Figure 2 is viewed in its

original form online, the “View Details” tabs show an additional rate premium of 37.5 basis points

if the loan is for a “Stated Wage Earner.”33 This indicates that the lender increased the low-doc

risk premium for borrowers likely to have a low value of reputation (W2), consistent with our

empirical results. Not surprisingly, the rate sheet does not contain any pricing adjustments for

“income inflation,” “income exaggeration,” “unbelievable income,” or any other variant of those

phrases, since the lender would not have wanted to publicize that it had officially accepted falsified

applications and that it had charged a higher rate on the basis of its imperfect assumption of income

falsification. Also, the pricing of income exaggeration is likely an outcome of both originator price

discrimination and lender risk-based pricing. Our empirical results, combined with the New Century

Rate Sheet, suggest that the lender did price reputational risk explicitly, while the pricing of income

exaggeration is likely a part of the lender’s proprietary risk-based pricing model.34 However, as

we predict, the rate differentials did not completely eliminate the problems; adverse selection and

income falsification did remain in equilibrium in the mortgage market.

F. Income Falsification and Borrower Location

As we noted in the introduction, the role of borrower income misrepresentation in facilitating

the expansion of mortgage credit is controversial. The extent that borrowers (or lenders/brokers

operating on behalf of borrowers) systematically inflated incomes in order to obtain larger loans is

consistent with the theory that the 2002-2006 housing boom resulted from an expansion in mortgage

33Available at http://online.wsj.com/public/resources/documents/retro SubPrime1107.html.
34We are careful not to generalize from the rate sheet to our entire sample period, since rate sheets were region

specific and changed frequently.
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credit due to a decline in underwriting standards. In support of this theory, Mian and Sufi (2015)

examine zip-code level differences in income growth reported on mortgage applications and the

growth in IRS reported income. Their analysis confirms that areas that experienced significant

growth in subprime mortgage origination activity also saw higher levels of income overstatement.

Furthermore, using micro-level mortgage data compiled by Piskorski, Seru, and Witkin (2015),

Mian and Sufi (2015) document that incidents of mortgage fraud were significantly more likely in

areas that were identified as having higher levels of borrower income misrepresentation.

We contribute to understanding the linkage between income overstatement and mortgage fraud

by conducting an analysis of income falsification by borrower employment status at the zip code

level using a research design similar to that employed by Mian and Sufi (2015). Specifically, we

regress the percentage of each zip code’s loans that are low-doc on the natural logarithm of zip

code median income from the 2000 Census.35 Table IX reports the estimated coefficients where

columns [1] and [2] are the W2 borrower sample and columns [3] and [4] are the self-employed

sample. Focusing first on the W2 borrowers, when looking across MSAs (column [1] without MSA

fixed effects) we see that higher income areas are correlated with higher proportion of loans to

low-doc W2 borrowers. However, looking within MSAs (column [2] with MSA fixed effects), the

sign on the estimated coefficient becomes negative suggesting that loans to low-doc W2 borrowers

are concentrated in lower income zip codes. Together, the results in columns [1] and [2] suggest

that low-doc loans to W2 borrowers are more prevalent in wealthier (higher income) MSAs, but

the origination activity is occurring in the lower income areas of those MSAs. In contrast, for

the self-employed borrowers (columns [3] and [4]), the negative relation between low-doc loans and

lower income zip codes holds regardless of whether we are looking across or within MSAs. Thus,

our results support the findings of Mian and Sufi (2015) that mortgages to borrowers most likely

to overstate income (W2 borrowers originating low-doc loans) are concentrated in lower income

neighborhoods.

35We estimate the regression for the W2 borrowers and self-employed borrowers separately. For the W2 borrower
group, we select zip codes that have at least 9 total loans to W2 borrowers (the median number of W2 borrowers
across all zip codes). For the self-employed sample, we select zip codes that have at least 4 total loans to self-employed
borrowers (the median number of self-employed borrowers across all zip codes.)
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V. Conclusion and Policy Implications

Since Diamond (1991), economists have considered the role that reputation can play in mitigat-

ing the effects of adverse selection and private information in lending markets. In this framework,

reputation is a valuable asset that borrowers should seek to protect in order to preserve access

to future credit. However, with the advent of modern mortgage underwriting practices that focus

on risk-based pricing using observable information regarding borrower credit quality during the

housing market boom of the previous decade, lenders began offering alternative mortgage products

to borrowers with potentially little regard for the consequences of reputation.

Using a national dataset of subprime mortgages originated by a major financial institution

during the house price boom period, we document the role of borrower reputation in the runup

to the mortgage foreclosure crisis of 2007 to 2010. Our empirical analysis is consistent with the

hypothesis that borrowers who are unable to originate full documentation loans place greater value

on reputation acquisition than borrowers who have lower cost access to the full information doc-

umentation credit market. We show that the majority of additional risk associated with low-doc

mortgages is due to adverse selection on the part of borrowers with verifiable income. We also

provide evidence that these borrowers are more likely to inflate or exaggerate their income on the

mortgage application. As a result, when housing prices began to stabilize and decline from their

peak in 2005 and 2006, the default rate exploded for alternative loans originated to borrowers who

had, a priori, less concern about their reputation. Finally, our evidence indicates that lenders were

aware of both reputational risk and income exaggeration and priced loans accordingly. However,

the optimal rate premium may be set so that adverse selection and income exaggeration persist in

equilibrium. Our pricing results are consistent with this hypothesis.

Taken together, our empirical analysis suggests that borrower reputation can mitigate the effects

of adverse selection in limited information documentation mortgage contracts. From a policy

perspective, our results indicate that a blanket regulation mandating “qualified” mortgages (i.e.

loans that require full documentation) may be overly restrictive and lead to credit rationing for a

subset of the population that faces high information verification costs. Rather, our analysis suggests

that regulators seeking to limit the potential of a future foreclosure crisis should rely on a more

nuanced or targeted regulatory approach that limits the use of low information documentation
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loans by borrowers who have ex ante low information verification costs.
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Information Verification Cost
Mortgage Type Low (W2) High (Self-Employed)

High Information (Full-Doc) Preferred –
No Income Exaggeration No Income Exaggeration

Low Default Rate Low Default Rate
No Rate Premium No Rate Premium

Low Information (Low-Doc) – Preferred
Large Income Exaggeration Moderate Income Exaggeration

High Default Rate Moderate Default Rate
Large Rate Premium Moderate Rate Premium

Table I: Summary of Model Predictions for Mortgage Type Preference, Income Exaggeration, De-
fault Rate, and Interest Rate Premium
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Table II: Summary Statistics for W2 Loans by Documentation Type

[1] [2] [3] [4]
W2 W2 Self-employed Self-employed

Full-Doc Low-Doc Full-Doc Low-Doc

Mean Std. Dev. Mean Std. Dev Mean Std. Dev. Mean Std. Dev

DEFAULT 0.0477 0.2132 0.0526 0.2232 0.0511 0.2202 0.0504 0.2187

Loan Characteristics
RATE SPREAD 4.6338 1.5284 4.9518 1.4064 4.5222 1.4986 4.7336 1.4562
CLTV 82.9677 14.2808 83.5866 14.0564 83.6232 13.4391 83.6725 14.9007
LOAN AMOUNT 173,804 107,593 207,111 115,933 224,859 138,884 231,408 134,105
FEES 0.0410 0.0196 0.0375 0.0180 0.0358 0.0186 0.0359 0.0182
ARM 0.7234 0.4473 0.8313 0.3745 0.7324 0.4427 0.8287 0.3768
PREPAY 0.7896 0.4076 0.7525 0.4316 0.8131 0.3898 0.7477 0.4343
PURCH 0.2804 0.4492 0.4194 0.4935 0.3196 0.4663 0.4330 0.4955
CASH 0.5970 0.4905 0.5054 0.5000 0.5681 0.4954 0.4983 0.5000
FICO 600.5317 59.7557 627.9891 61.7446 613.3761 59.2486 632.4792 63.2692
IO 0.1213 0.3265 0.1471 0.3542 0.1432 0.3503 0.2033 0.4024
MONTHS 6.7813 7.0582 6.7900 6.7833 7.1528 7.4183 6.9142 6.8631

Property Characteristics
INVESTMENT 0.0573 0.2324 0.0846 0.2783 0.1256 0.3314 0.1227 0.3281
TWO UNIT 0.0584 0.2344 0.1017 0.3022 0.0700 0.2552 0.0819 0.2742
CONDO 0.0614 0.2401 0.0721 0.2586 0.0604 0.2382 0.0692 0.2537

Borrower Characteristics
AGE 43.1475 11.6704 40.6346 10.8294 43.9335 11.1029 42.9044 11.0882
MINORITY 0.4115 0.4921 0.4183 0.4933 0.3233 0.4678 0.3399 0.4737
INCOME 5,389 3,013 6,392 3,200 8,468 5,251 8,244 4,406
FACE 0.3947 0.4888 0.4542 0.4979 0.4214 0.4938 0.4450 0.4970

Interest rate environment
RATE 30 6.0777 0.5616 6.0182 0.4894 6.1845 0.6597 6.0308 0.5096

Area Characteristics
MSA UNEMP 5.3581 1.4983 5.3722 1.4621 5.3069 1.5160 5.2771 1.5118
MSA BROKER HHI 0.0903 0.1295 0.0689 0.1096 0.0985 0.1432 0.0760 0.1212
PAHL REG INDEX 7.6672 3.5952 8.0895 3.6361 8.1106 3.4853 8.2586 3.5390
MIDWEST 0.2096 0.4070 0.1591 0.3657 0.1426 0.3497 0.1279 0.3340
SOUTH 0.2553 0.4360 0.2213 0.4151 0.2280 0.4196 0.2343 0.4236
NORTHEAST 0.1207 0.3258 0.1659 0.3720 0.0922 0.2894 0.1182 0.3229
PACIFIC 0.0078 0.0882 0.0072 0.0847 0.0120 0.1088 0.0098 0.0986

Origination Year
1999 0.0212 0.1439 0.0135 0.1154 0.0355 0.1851 0.0213 0.1442
2000 0.0270 0.1620 0.0173 0.1303 0.0466 0.2107 0.0190 0.1364
2001 0.0460 0.2094 0.0364 0.1872 0.0660 0.2483 0.0341 0.1816
2002 0.0966 0.2954 0.0832 0.2762 0.1003 0.3005 0.0699 0.2550
2003 0.2238 0.4168 0.1921 0.3940 0.1976 0.3982 0.1921 0.3939
2004 0.2809 0.4494 0.3542 0.4783 0.2358 0.4245 0.2704 0.4442
2005 0.2936 0.4554 0.2932 0.4552 0.2969 0.4569 0.3826 0.4860

N 257,862 107,954 19,882 74,900

Note: This table presents summary statistics for the funded loans from the New Century database.
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Table III: Relationship Between Low-doc, Employment Type, and Mortgage Performance

[1] [2]

Default Default

Dependent Variable: Default M.E. Std. Err. M.E. Std. Err.

Marginal Effects of Low-doc

Self-Employed (Low-doc) 0.0038** (0.0017) 0.0042** (0.0042)

W2 (Low-doc) 0.0113*** (0.0011) 0.0111*** (0.0111)

Loan Characteristics Yes Yes
Property Characteristics Yes Yes
Borrower Characteristics Yes Yes
Interest rate environment Yes Yes
Area Characteristics Yes Yes
Origination Year Fixed Effects Yes Yes

MSA Fixed Effects No Yes

N 460,301 459,685
Mean Default Rate (Full-doc Self-Employed) 0.0511 0.0511
Mean Default Rate (Full-doc W2) 0.0477 0.0477
Log Likelihood -78,582 -77,819

Note: This table presents marginal effects of no-doc on default by employment type. The marginal effects are derived
from a probit model of mortgage performance on income documentation, employment type, an interaction term between
income documentation and employment type, loan characteristics, borrower characteristics, property characteristics, and
area characteristics for the funded loans from the New Century database. Standard errors are reported in parentheses. ***,
**, and * denote significance at the 1%, 5%, and 10% level, respectively.
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Table IV: Model for Income Estimation

[1] [2]
W2 Self-Employed

Monthly Income Monthly Income
Full Doc Full Doc

Dependent Variable: Borrower Income Coeff. Std. Err. Coeff. Std. Err.

The FICO score of the primary borrower at origination (FICO) 5.9461*** (0.1366) 8.9716*** (0.9053)

An indicator set to one if the borrower was a female (FEMALE) -771.2522*** (16.4939) -885.7854*** (115.2723)

The age of the primary borrower (AGE) -13.3548*** (0.6756) -3.3008 (4.6843)

An indicator set to one if the borrower was a minority (MINORITY) -289.9620*** (16.7466) -277.1744** (114.9837)

The Median MSA Income by Year (MSA INC) 0.0470*** (0.0010) 0.0405*** (0.0059)

Monthly unemployment rate at the MSA level (UNEMP) -73.1836*** (7.1336) -61.3699 (43.9529)

Origination Year Dummies Yes Yes
State Dummies Yes Yes

Constant 22.0033 (296.5183) -608.4447 (1606.8660)

N 124429 9601
Adj. R2 0.164 0.099

Note: This table presents coefficient estimates from an OLS regression of borrower income for a random sample of the full-doc funded loans from the New Century
database. The coefficients in columns 1 and 2 are used to estimate the income of the W2 and self-employed loans, respectively. Standard errors are reported in
parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.
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Table V: Descriptive Statistics for Income Exaggeration Measure by Employment and Documentation Type

[1] [2] [3]
W2 Self-employed Mean Difference

Income Exaggeration Income Exaggeration

N Mean Std. Dev. t-stat N Mean Std. Dev t-stat [1] - [2] t-stat

Doc Type

Full-Doc 124,478 -0.0004 (0.4856) -0.29 9,602 -0.0134 (0.5682) -2.31 0.0130 2.24

Low-Doc 105,063 0.1093 (0.5037) 70.33 72,606 -0.0668 (0.4823) -37.32 0.1761 98.25

Note: This table presents descriptive statistics for the income exaggeration measure. Column 1 presents the mean and standard deviation of income
exaggeration for W2 borrowers split according to income documentation. The null hypothesis for the test statistic is that income exaggeration is equal to
zero. Column 2 presents the mean and standard deviation of income exaggeration for self-employed borrowers split according to income documentation. The
null hypothesis for the test statistic is that income exaggeration is equal to zero. Column 3 presents the mean difference across columns 1 and 2. The null
hypothesis for the test statistic is that the mean difference is zero. The t-stat in column 3 assumes unequal variances across samples.
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Table VI: Probability of Extreme Income Exaggeration

Dependent Variable: INC EXTREME M.E. Std. Err.

Marginal Effects of Low-doc

Self-Employed (Low-doc) -0.0005 (0.0009)

W2 (Low-doc) 0.0075*** (0.0017)

Loan Characteristics Yes
Property Characteristics Yes
Borrower Characteristics Yes
Interest rate environment Yes
Area Characteristics Yes
Origination Year Fixed Effects Yes

N 311,749
Log Likelihood -30,398

Note: This table presents marginal effect estimates from a probit regression of
INC EXTREME on type of income documentation, loan characteristics, borrower charac-
teristics, property characteristics, and area characteristics for the funded loans that were not
used in the income estimation. INC EXTREME takes a value of one if INC EXAG falls
in the top decile for the borrower’s employment type (e.g. W2 or self-employed). Standard
errors are reported in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10%
level, respectively.
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Table VII: Employment Type, Loan Purpose, and Default

[1] [2]

W2 Self-employed

Panel A: Sample Mean Probability of Default

Purchase 0.0615 .0507

Refinance 0.0433 .0504

Panel B: Marginal Effects (and Standard Errors) of Low-Doc on Default

Purchase 0.0178*** (0.0010) 0.0119*** (0.0030)

Refinance 0.0078*** (0.0010) 0.0022 (0.0021)

Panel C: Percentage Increase in Sample Mean
Default Probability Due to Low-Doc (Panel B / Panel A)

Purchase 29% 23%

Refinance 18% 4%

Note: Panel A presents the mean of default for each of the subsamples. Panel B reports the marginal effects of low-doc from four separate probit
regressions of default on of mortgage performance on income documentation, employment type, an interaction term between income documentation and
employment type, loan characteristics, borrower characteristics, property characteristics, and area characteristics for the funded loans from the New
Century database. Standard errors are reported in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. Panel C
reports the increase in sample mean probability of default due to low-doc.
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Table VIII: Relationship Between Low-doc, Employment Type, and
Mortgage Pricing

[1] [2]

Rate Spread Rate Spread

Dependent Variable: Rate Spread Coeff. Std. Err. Coeff. Std. Err.

W2 -0.1115*** (0.0091) -0.2216*** (0.0285)

Lowdoc 0.5271*** (0.0208) 0.5282*** (0.0191)

W2 x Lowdoc 0.1484*** (0.0108) 0.1401*** (0.0157)

INC EXTREME 0.1036*** (0.0230)

W2 x INC EXTREME -0.0078 (0.0238)

Lowdoc x INC EXTREME 0.0046 (0.0182)

W2 x Lowdoc x INC EXTREME 0.0633*** (0.0294)

Loan Characteristics Yes Yes
Property Characteristics Yes Yes
Borrower Characteristics Yes Yes
Interest rate environment Yes Yes
Area Characteristics Yes Yes
Origination Year Yes Yes

N 460,301 311,498

Adj. R2 0.68 0.68

Note: This table presents coefficient estimates from an OLS regression of mortgage pric-
ing on type of income documentation, loan characteristics, borrower characteristics, prop-
erty characteristics, and area characteristics for the funded loans from the New Century
database. Column 1 includes all loans in our sample while column 2 includes loans where
INC EXTREME was calculated for observations not included in our income estimation re-
gression. INC EXTREME is an indicator variable that takes a value of one in the continuous
variable INC EXAG falls in the top decile for the borrower’s employment type. The average
RATE SPREAD for the reference group (Full-Doc/Self-employed) is 4.5672 holding all other
control variables at average values. Standard errors are reported in parentheses. ***, **, and
* denote significance at the 1%, 5%, and 10% level, respectively.
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Table IX: Low-Doc Penetration and Zip Code Median Income

[1] [2] [3] [4]

% Low-Doc W2 % Low-Doc W2 % Low-Doc Self % Low-Doc Self

Dependent Variable:
Low-Doc Share in Zip Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

Log Zip Median Income 0.0332*** (0.0046) -0.0184*** (0.0042) -0.0230*** (0.0060) -0.0495*** (0.0063)

MSA Fixed Effects No Yes No Yes

N 7,063 7,063 5,475 5,475

Adjusted R2 0.01 0.35 0.00 0.13

Note: This table presents coefficient estimates from an OLS regression of the percentage of a zip code’s loans that are low-doc on
the natural logarithm of zip code median income from the 2000 Census. The dependent variable in columns 1 and 2 is the number
of loans in a zip code that were low-doc to W2 borrowers divided by the total number of W2 loans originated in that zip code. The
dependent variable in columns 3 and 4 is the number of loans in a zip code that were low-doc to self-employed borrowers divided by
the total number of loans originated to self-employed borrowers in that zip code. Zip codes included in columns 1 and 2 must have
at least nine total loans to W2 borrowers (the median for all the zip codes), whereas columns 3 and 4 include zip codes that have at
least four originations to self-employed borrowers (the median for all the zip codes). The total number of zip codes in our sample is
14,090. Standard errors are reported in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.
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Figure 1: Share of Originations that are Low-Doc by Employment Type. This figure
shows the proportion of originated loans that are low-doc by employment type in each origination
year. The sample includes funded loans from the New Century database as described in Section
III.A.
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Figure 2: New Century Rate Sheet. This figure includes a pricing matrix from New Century
Mortgage Corporation for the Southern California Region as of 03/30/2007. The original image is
available at http://online.wsj.com/public/resources/documents/retro SubPrime1107.html.
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Figure 3: Distribution of Borrower Characteristics. This figure shows the kernel densities of
borrower FICO score, reported monthly income, and borrower age in the sample of funded loans
from New Century. Each panel includes the densities for all combinations of employment type
and income documentation (W2/full-doc; W2/low-doc; self-employed/full-doc; self-employed/low-
doc). The top and bottom panels for each borrower characteristic are identical, however, the top
highlights the densities for W2 borrowers while the bottom highlights the densities for self-employed
borrowers.
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Figure 4: Distribution of Loan Characteristics. This figure shows the kernel densities of
combined loan to value ratio (CLTV), origination fees, mortgage amount, and the rate spread
(contract rate minus the two year constant maturity Treasury rate) at origination in the sample
of funded loans from New Century. Each panel includes the densities for all combinations of
employment type and income documentation (W2/full-doc; W2/low-doc; self-employed/full-doc;
self-employed/low-doc). The top and bottom panels for each loan characteristic are identical,
however, the top highlights the densities for W2 borrowers while the bottom highlights the densities
for self-employed borrowers.
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Figure 5: Distribution of Income Exaggeration Measure. This figure shows the kernel
densities of our income exaggeration estimates in the sample of funded loans from New Century.
To generate our measure of income exaggeration, we first estimate an OLS model of income for each
employment type using a random sample of full doc loans. Next, we use the coefficient estimates
from the income regressions to obtain an estimate of borrower income for each out-of-sample loan.
Income exaggeration is then calculated as the percentage deviation of reported income from our
estimated income. We winsorize the income exaggeration estimate at the 1% level. Both panels
include the densities for all combinations of employment type and income documentation (W2/full-
doc; W2/low-doc; self-employed/full-doc; self-employed/low-doc), however, the top highlights the
densities for W2 borrowers while the bottom highlights the densities for self-employed borrowers.
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Figure 6: Marginal Effect of Low-Doc on Default by Income Exaggeration. This figure
shows the average marginal effects of low-doc at different levels of estimated income exaggeration
by employment type. -0.57 and 1.02 are the 5th and 95th percentiles of income exaggeration,
respectively. The marginal effects are derived the probit model of mortgage default described in
equation (11) for the funded loans from the New Century database that were not used in the income
estimation regression of Table IV.
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Figure 7: Marginal Effect of Low-Doc on Default by Borrower FICO Score. This figure
shows the average marginal effects of low-doc across different FICO scores by employment type.
The marginal effects are derived from the probit model of mortgage default described in equation
(12) for the funded loans from the New Century database.
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VI. Appendix

This appendix presents the derivation of the three propositions presented in Section II. First,

we consider a W2 borrower’s utility-maximizing choice of income exaggeration for a low-doc loan,

given a loan cost r. A W2 borrower solves:

max
x

UNW (x) = u
(
LN ;µ (x)

)
− rLN (x) + ρ

[
pu
(
LF ;µ

)
+ (1− p)u

(
LN (x) ;µ

)
− rLN (x)

]
This objective function is globally concave. The first order condition is:

dUNW (x)

dx
= (1 + ρ (1− p))

(
µ
√
βy

2
√
x
− rβy

)
= 0.

Rearranging gives,

xW =
µ2

4r2βy
.

We plug this choice of income exaggeration into the objective function and analyze the borrower’s

choice between a low-doc loan and a full-doc loan.

BN
W (µ) ≡ UNW (xW )− UFW = (1 + ρ (1− p))

(
1

4r
µ2 −√αyµ

)
.

This is a convex quadratic function that takes a value of zero when µ = {0, µ∗}, where µ∗ ≡ 4r
√
αy.

The benefit of a low-doc loan BN
W (µ) is positive if and only if µ > µ∗ and otherwise non-positive.

A W2 borrower without reputation concerns is characterized by ρ = 0. The choice of income

exaggeration is unchanged. The benefit of a low-doc loan becomes: BN
W (µ) = 1/4rµ2 − √αyµ,

which is smaller in absolute value than for a W2 borrower with reputation concerns. The threshold

value µ∗ is unchanged.

A self-employed borrower’s utility-maximizing choice of income exaggeration for a low-doc loan,

given a loan cost r, is defined by:

max
x

UNS (x) = u
(
LN (x) ;µ

)
− rLN (x)

+ ρ
[
p
(
u
(
LND ;µ

)
− rLND − γxLND

)
+ (1− p)

(
u
(
LN (x) ;µ

)
− rLN (x)

)]
.
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The first order condition is:

dUNS (x)

dx
= (1 + ρ (1− p))

(
µ
√
βy

2
√
x
− rβy

)
− ρpγβy = 0.

Rearranging gives,

xS =

(
1 +

ρpγ

r (1 + ρ (1− p))

)−2

× µ2

4r2βy
≡ AxW ,

where A ≡ [1 + ρpγ /r (1 + ρ (1− p)) ]−2 ∈ (0, 1). We plug this choice of income exaggeration in the

objective function and analyze the borrower’s choice between a low-doc loan and a full-doc loan.

BN
S (µ) ≡ UNS (xS)− UFS

= µ2 (1 + ρ (1− p))
4 [r (1 + ρ (1− p)) + ρpγ]

+ µ
[
ρp
√
βy − (1 + ρ)

√
αy
]

+ (1 + ρ)cH − ρprβy

≡ θ1µ
2 + θ2µ+ θ3,

where θ1 ≡
√
A

4r > 0, θ2 ≡ ρp
√
βy− (1 +ρ)

√
αy < 0, and θ3 ≡ (1 +ρ)cH −ρprβy. BN

S (µ) is a convex

quadratic function that takes a value of θ3 when µ = 0. The sign of θ3 depends on cH . Further

rearranging gives

BN
S (µ) = θ1

(
µ+

θ2

2θ1

)2

+ θ3 −
θ2

2

4θ1
.

The global minimum of BN
S (µ) is θ3−

θ2
2

4θ1
. Thus, there are three cases for the solution to BN

S (µ) = 0.

1. If θ3 >
θ2
2

4θ1
, then ∀µ : BN

S (µ) > 0.

2. If θ3 ∈
[
0,

θ2
2

4θ1

]
, then BN

S (µ) = 0 has two roots: µ∗S = − θ2
2θ1

+

√
θ2
2

4θ2
1

+ θ3
θ1

and µ∗∗S = − θ2
2θ1
−√

θ2
2

4θ2
1

+ θ3
θ1

. Thus, BN
S (µ) ≤ 0 for µ ∈ [µ∗∗S , µ

∗
S ], and BN

S (µ) > 0 for µ ∈ (0, µ∗∗S ) and µ > µ∗S .

3. If θ3 < 0, then BN
S (µ) = 0 has one root. Thus, BN

S (µ) ≤ 0 forµ ∈ (0, µ∗S ], and BN
S (µ) > 0 for

µ > µ∗S .
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