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A Appendix Figures and Tables

Figure 1: Match Rate around Principal Reduction Discontinuity

Notes: This figure plots the share of borrowers in the Treasury HAMP dataset successfully matched to
their credit bureau records. The horizontal axis shows the normalized predicted gain to lenders of providing
principal reduction to borrowers from equation (1). The dots are conditional means for 15 bins on each side
of the cutoff. The line shows the predicted value from a local linear regression estimated separately on either
side of the cutoff. The RD estimate is the jump in predicted values at the cutoff, corresponding to an estimate
of the numerator in equation (2).
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Figure 2: Financial Impact of Modifications with and without Principal Reduction

Notes: This figure is an unwinsorized version of Figure 1a. The plot shows the difference in average annual
payments for borrowers receiving each type of modification relative to the payments borrowers owed under
their unmodified mortgage contracts in the matched HAMP credit bureau dataset. The conventional HAMP
waterfall includes interest rate reduction, followed by maturity extension to 40 years, followed by principal
forbearance. However, some servicers offer principal forbearance prior to maturity extension, so some bor-
rowers have large payments on the amount forborn due at the end of loan terms between 22 and 27 years.
These large payments introduce variability into the average change in payment due.
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Figure 3: Modification Terms Summary

Notes: This figure shows the modified payment terms as explained to borrowers in the modification agreement,
which they are required to sign. Example terms are shown for a mortgage with a post-modification principal
balance of $300,000, temporary interest rate of 2 percent, mortgage term of 35 years, and escrow payments
equal to 1.5 percent of the property value ($250,000).

Figure 4: Mortgage Delinquency over Time

Notes: This figure plots the share of U.S. residential mortgages more than 30 days delinquent as reported by
the Federal Reserve Board. The shaded region denotes the period where borrowers in our principal reduction
sample had their first pre-modification delinquencies.
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Figure 5: Pre-Modification Characteristics around Principal Reduction Discontinuity

(a) Pre-Mod FICO Score (b) Monthly Income at Mod Date

(c) Pre-Mod Payment-to-Income Ratio
(d) Pre-Mod Mark-to-Market Loan-to-

Value

(e) Pre-Mod Months Past Due (f) Predicted Default Rate Using Covariates

Notes: This figure shows average pre-treatment characteristics around the regression discontinuity cutoff in
the matched HAMP credit bureau dataset. The horizontal axis shows the normalized predicted gain to lenders
of providing principal reduction to borrowers from equation (1). The vertical axis in the first five panels shows
borrower credit score, monthly income, the ratio of monthly mortgage payments to monthly income, the ratio
of unpaid principal balance to the market value of the house (mark-to-market loan-to-value ratio), and the
number of monthly mortgage payments the borrower is past due at application date. The final panel shows
predicted default rates from a linear regression of default on the first five borrower characteristics. The dots
are conditional means for 15 bins on each side of the cutoff. The line shows the predicted value from a local
linear regression estimated separately on either side of the cutoff. The RD estimate is the jump in predicted
values at the cutoff, corresponding to an estimate of the numerator in equation (2). See Appendix B.1.3 for
details.



Figure 6: Borrower Density and Take-Up around Principal Reduction Discontinuity

(a) Histogram of Running Variable

(b) Histogram of Running Variable Exclud-
ing Zeros

(c) Take-up Rate

Notes: Panel (a) plots the histogram of the running variable from our regression discontinuity strategy in the
matched HAMP credit bureau dataset. The horizontal axis shows the normalized predicted gain to lenders of
providing principal reduction to borrowers from equation (1). HAMP program officers in the U.S. Treasury
Department explain that the mass at exactly zero is due to data misreporting. Some servicers reported a single
number as the calculation for both the payment reduction and principal reduction modifications, meaning that
the estimated gains from principal reduction were calculated to be zero. Panel (b) plots the same histogram
dropping observations exactly at zero, which is our analysis sample. Appendix B.1.3 discusses four additional
arguments for why the mass at zero is unlikely to pose a challenge for the validity of the regression discontinuity
research design. Panel (c) shows the take-up rate conditional on borrowers being offered a modification in the
Treasury HAMP dataset.



Figure 7: Treatment Size around Principal Reduction Discontinuity

(a) ∆NPV of Mortgage Payments Owed (b) ∆Mark-to-Market Loan-to-Value

(c) ∆Monthly Housing Payment (d) Mortgage Principal Reduction

Notes: This figure shows the treatment size at the regression discontinuity cutoff in the matched HAMP credit
bureau dataset. The horizontal axis shows the normalized predicted gain to lenders of providing principal
reduction to borrowers from equation (1). Panel (a) shows the change in the net present value (NPV) of
mortgage payments owed under the modified contract relative to the status quo mortgage contract, discounted
at a 4 percent interest rate, panel (b) shows the change in the loan-to-value ratio, panel (c) shows the change
in initial monthly housing payments, and panel (d) shows the average amount of principal reduction per
borrower. The dots are conditional means for 15 bins on each side of the cutoff. The line shows the predicted
value from a local linear regression estimated separately on either side of the cutoff. The RD estimate is
the jump in predicted values at the cutoff, corresponding to an estimate of the numerator in equation (2).
Construction of the IV estimate τ̂ is described in Section II.B.
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Figure 8: Regression Discontinuity Robustness to Alternative Bandwidths around
Principal Reduction Discontinuity

Notes: This figure shows the estimated impact of principal reduction on default under various specifications
and bandwidths in the matched HAMP credit bureau dataset. Each line plots the IV estimate and associated
95 percent confidence interval from a local linear or quadratic regression on either side of the cutoff. The op-
timal bandwidths for the linear specification from Imbens and Kalyanaraman (2012) and Calonico, Cattaneo,
and Titiunik (2014) are 0.61 and 0.63, respectively. The optimal bandwidths for a quadratic specification
from Imbens and Kalyanaraman (2012) and Calonico, Cattaneo, and Titiunik (2014) are 0.80 and 0.67, re-
spectively. The black horizontal line is the predicted impact of principal reduction on default from Treasury’s
redefault model.
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Figure 9: Spending around Modifications with and without Principal Reduction

(a) Credit Card Spending around Modification – Normalized

(b) Auto Spending around Modification

Notes: This figure shows the event study of monthly spending around modification for borrowers receiving each
type of modification in the matched HAMP credit bureau dataset. The top panel plots credit card expenditure
in dollars as measured from credit bureau records relative to the month of modification (discussed in Section
I.A). The bottom panel shows the event study of monthly auto spending around modification. Auto spending
is measured from new auto loans, as described in Section I.A. See Appendix Table 2 for sample summary
statistics.
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Figure 10: Spending around Modifications with and without Principal Reduction using
Bank Data
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Notes: This figure shows the event study of monthly credit card expenditure around modification for borrowers
receiving each type of modification in the JPMCI bank account dataset. For further details see Sections I.B
and III.B.
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Figure 11: Credit Card and Auto Spend around Principal Reduction Discontinuity

(a) Change in Mean Monthly Credit Card Spending

(b) Change in Mean Monthly Auto Spending

Notes: This figure shows the estimated impact of principal reduction on expenditure using the fuzzy regression
discontinuity strategy in the matched HAMP credit bureau dataset. The horizontal axis shows the normalized
predicted gain to lenders of providing principal reduction to borrowers from equation (1). The vertical axis on
the top panel shows the average change in credit card expenditure between the 12 months before modification
and the 12 months after modification. Credit card expenditure is measured from credit bureau records as
discussed in Section I.A. The vertical axis in the bottom panel shows the average change in auto spending
between the 12 months before modification and the 12 months after modification. Auto spending is measured
from new auto loans, as described in Section I.A. The dots are conditional means for 15 bins on each side of
the cutoff. The line shows the predicted value from a local linear regression estimated separately on either
side of the cutoff. Construction of the IV estimate τ̂ is described in Section II.B.



Figure 12: Pre-Modification Characteristics around Payment Reduction Discontinuity

(a) Monthly Income at Mod Date
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(b) Pre-Mod Monthly Payment
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(c) Pre-Mod Mark-to-Market Loan-to-Value
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(d) Pre-Mod Months Past Due
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(e) Predicted Default Rate Using Covari-
ates
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Notes: This figure shows average pre-treatment characteristics around the 31 percent PTI regression disconti-
nuity cutoff in the JPMCI bank dataset for non-GSE-backed loans. The horizontal axis shows pre-modification
borrower PTI. The vertical axis in the first four panels shows monthly income, monthly payment, the ratio
of unpaid principal balance to the market value of the house (mark-to-market loan-to-value ratio), and the
number of months past due at modification date. The final panel shows predicted default rates from a linear
regression of default on the first four borrower characteristics. The dots are conditional means for 12 bins on
each side of the cutoff. The line shows the predicted value from a local linear regression estimated separately
on either side of the cutoff. The RD estimate is the jump in predicted values at the cutoff, corresponding to
an estimate of the numerator in equation (4).



Figure 13: Borrower Density around the Payment Reduction Discontinuity

(a) Histogram of Running Variable – Near Discontinuity
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(b) Histogram of Running Variable – Full Support
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Notes: This figure plots the histogram of the running variable from our 31 percent PTI regression discontinuity
strategy in the JPMCI bank dataset for non-GSE-backed loans. The horizontal axis shows pre-modification
borrower PTI. The top panel shows borrowers in the main analysis sample. This sample is restricted to
pre-modification PTI ratio between 25 percent and 37 percent (dropping the 241 observations between 31.0
percent and 31.1 percent), pre-modification terms 30 years or less, and fixed rate loans. This is our main
analysis sample. The bottom panel shows the density for the full sample.
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Figure 14: Treatment Size around Payment Reduction Discontinuity

(a) ∆Net Present Value of Payments Owed
●

●

●
●

●
●

●
●

●
●

●

● ●

● ●

●

● ●

●

●

●

●

●

●

RD Estimate: 

4482 (1439)

RD Est Opt Bw: 

2168 (2049)

$−40,000

$−30,000

$−20,000

$−10,000

0.25 0.27 0.29 0.31 0.33 0.35 0.37
Pre−Modification Mortgage−Payment−to−Income Ratio

C
ha

ng
e 

in
 N

et
 P

re
se

nt
 V

al
ue

 o
f M

or
tg

ag
e 

P
ay

m
en

ts

(b) Mortgage Principal Forgiveness
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(c) ∆Interest Rate
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Notes: This figure describes the treatment in terms of long-term obligations around the 31 percent PTI
discontinuity in the JPMCI bank dataset for non-GSE-backed loans. The dots are conditional means for 12
bins on each side of the cutoff. The line shows the predicted value from a local linear regression estimated
separately on either side of the cutoff. The RD estimate is the jump in predicted values at the cutoff,
corresponding to an estimate of the numerator in equation (4) using the IK-optimal bandwidth for delinquency
of 0.061. Panel (a) shows the change in the NPV of payments owed under the mortgage contract before and
after modification. The IK-optimal bandwidth for this outcome variable is 0.039 and the label also includes a
second RD estimate using this optimal bandwidth of 0.039. Panel (b) shows mortgage principal forgiveness.
Panel (c) shows the change in the interest rate.



Figure 15: Effect of Payment Reduction on Default: Robustness to Broader Sample

(a) First Stage – Change in Mortgage Payment from Modification
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(b) Reduced Form -- Mortgage Default

●

●
●

●

●
●

●

●

●
●

●●

●

●●

●
●

●

●

●

●

●
●

●

●●

●

●

●
●

●●●
●

●

●

●

●

●
●

●

●●●
●

●

●

●

●

●

●
●●

●
●

●●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●
●

●

●●●

●

●

●
●

●

●

●
●

●

●

●

●●

●
●

●

●

●

●

●

●

●

IV Estimate of 

1% Payment Reduction:

−0.0025 (0.0005)

5%

10%

15%

20%

25%

0.31 0.41 0.51 0.61 0.71
Pre−Modification Mortgage−Payment−to−Income Ratio

S
ha

re
 D

ef
au

lt

Notes: This figure shows the estimated effect of payment reduction on default using the 31 percent PTI
regression discontinuity in the JPMCI bank dataset for a broader sample of non-GSE-backed loans. It includes
loans with pre-modification terms greater than 30 years, loans with variable interest rates, and borrowers with
PTI between 31 percent and 31.1 percent, all of which are dropped in the main analysis. The top panel plots
the first stage, with payment reduction on the vertical axis and borrower PTI on the horizontal axis. The
dots are conditional means for equally spaced bins on each side of the cutoff. Bins are four times narrower
than in Figure 5a in order to visually capture the loans between 31 percent and 31.1 percent with a separate
dot. All other plot details are the same as Figure 5.



Figure 16: Effect of Payment Reduction on Default Using Alternative Bandwidths
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Notes: This figure plots the estimated reduced form jump in default and the associated 95 percent confidence
interval at the 31 percent PTI regression discontinuity cutoff calculated using alternative bandwidths in the
JPMCI bank dataset for non-GSE-backed loans. Our primary specification uses a bandwidth of 0.06. The
plotting convention here differs slightly from Appendix Figure 8, which reports an IV estimate for a variety
of bandwidths. Here we instead report the reduced form estimate because the estimated first stage in Figure
5a (and therefore the IV estimate reported in Figure 5b) are somewhat sensitive to bandwidth choice.
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Figure 17: Effect of Payment Reduction on Default for GSE-Backed Loans

(a) First Stage -- Change in Mortgage Payment from Modification
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(b) Reduced Form -- Mortgage Default
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Notes: This figure evaluates the impact of payment reduction on default using a regression discontinuity at
the 31 percent payment-to-income (PTI) in the JPMCI bank dataset for GSE-backed loans. The horizontal
axis shows borrower PTI. The dots are conditional means for 12 equally spaced bins on each side of the cutoff.
The line shows the predicted value from a local linear regression estimated separately on either side of the
cutoff. The RD estimate is the jump in predicted values at the cutoff, corresponding to an estimate of the
numerator in equation (4). The top panel plots mean payment reduction and the bottom panel plots the
default rate on the vertical axis, which is defined as being 90 days delinquent at any point within two years
of the modification date. Construction of the IV estimate τ̂ is described in Section IV.B.



Figure 18: Treatment Size around Payment Reduction Discontinuity for GSE-Backed
Loans

(a) ∆Net Present Value of Payments Owed
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(b) ∆Interest Rate
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Notes: This figure describes the treatment in terms of long-term obligations around the 31 percent PTI
discontinuity in the JPMCI bank dataset for GSE-backed loans. The dots are conditional means for 12 bins
on each side of the cutoff. The line shows the predicted value from a local linear regression estimated separately
on either side of the cutoff. The RD estimate is the jump in predicted values at the cutoff, corresponding to an
estimate of the numerator in equation (4). Panel (a) shows the change in the NPV of payments owed under the
mortgage contract for all loans. Panel (b) shows the change in the interest rate. We do not include principal
forgiveness because the GSEs did not offer mortgage principal forgiveness for either private modifications or
HAMP modifications.
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Figure 19: Pre-Modification Characteristics around Payment Reduction Discontinuity
for GSE-Backed Loans

(a) Pre-Mod Mark-to-Market Loan-to-
Value
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(b) Pre-Mod Months Past Due

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

RD Estimate:

−0.48 (0.27)

10.00

10.25

10.50

10.75

11.00

11.25

0.25 0.27 0.29 0.31 0.33 0.35 0.37
Pre−Modification Mortgage−Payment−to−Income Ratio

M
on

th
s 

P
as

t D
ue

(c) Monthly Income at Mod Date
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(d) Pre-Mod Monthly Payment
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(e) Predicted Default Rate Using Covariates
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Notes: This figure shows average pre-treatment characteristics around the 31% PTI regression discontinuity
cutoff in the JPMCI bank dataset for GSE-backed loans. The horizontal axis shows pre-modification borrower
PTI. The vertical axis in the first four panels shows the ratio of unpaid principal balance to the market value
of the house (mark-to-market loan-to-value ratio), the number of months past due at modification date,
monthly income, and monthly payment. The final panel shows predicted default rates from a linear regression
of default on the first four borrower characteristics. The dots are conditional means for 12 bins on each side
of the cutoff. The line shows the predicted value from a local linear regression estimated separately on either
side of the cutoff. The RD estimate is the jump in predicted values at the cutoff, corresponding to an estimate
of the numerator in equation (4).



Figure 20: Borrower Density around the Payment Reduction Discontinuity for GSE-
Backed Loans
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Notes: This figure plots the histogram of the running variable from our 31 percent PTI regression discontinuity
strategy in the JPMCI bank dataset for GSE-backed loans. The horizontal axis shows pre-modification
borrower PTI. See Section IV.C for details on why there are more borrowers to the right of 0.31.
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Figure 21: Efficient Default-Minimizing Modifications

(a) Cost to Lender of Reducing Payments by 10% for Each Modifi-
cation Step

(b) Expected Payments NPV Cost of Payment Reduction for Various
Sequences of Modification Steps

Notes: This figure shows the cost of different mortgage modifications for an illustrative mortgage with the
average characteristics of loans at the HAMP eligibility cutoff (a 6.7 percent fixed interest rate, a 23-year
term, and a mean unpaid balance of $248,000). Panel (a) shows the cost of reducing payments by 10 percent
for five different possible modification steps. The light blue bars show the change in the NPV of payments
owed under the mortgage contract and the dark blue bars show the change in the NPV of expected payments
to the lender incorporating the yield curve and the impact of modification on default and prepayment risk.
Panel (b) shows the expected payments NPV cost of various modification strategies. The last two programs
in the legend are a dot—rather than a line—because they target a specific amount of payment reduction. See
Appendix C.4 for details.



Figure 22: Actual and Predicted Mortgage Default Around Principal Reduction Dis-
continuity, Unnormalized Running Variable

(a) Actual Default

(b) Predicted Default Using Baseline Covariates

Notes: This figure shows the reduced form and predicted default rates based on pre-determined borrower
covariates in the matched HAMP credit bureau dataset using an unnormalized version of the running variable.
The horizontal axis shows the unnormalized predicted gain to lenders of providing principal reduction to
borrowers, i.e. only the numerator from equation (1). The dots are conditional means for 15 bins on each
side of the cutoff. The line shows the predicted value from a local linear regression estimated separately on
either side of the cutoff. Panel (a) plots the default rate. Construction of the IV estimate τ̂ is calculated as
described in Section II.B, except the unnormalized running variable is used. Panel (b) plots predicted default
rates from a linear regression of default on observed borrower characteristics (FICO score, monthly income,
payment-to-income ratio, loan-to-value ratio, and months past due prior to modification). The RD estimate
is the jump in predicted values at the cutoff, corresponding to an estimate of the numerator in equation (2).
This specification fails the balance test using baseline covariates; predicted default is higher among the group
that gets more principal reduction. Thus, this specification is uninformative about the effect of principal
reduction on default.
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Figure 23: Impact of Principal Reduction on Default, Unmatched Sample

(a) First Stage – Receive Principal Reduction

(b) Reduced Form -- Mortgage Default

Notes: This figure replicates Figure 2a using the full HAMP public file. This file includes loans which do not
have a match in the TransUnion data. See Appendix B.1.3 for details.
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Figure 24: Pre-Modification Characteristics around Principal Reduction Discontinuity,
Unmatched Sample

(a) Pre-Mod FICO Score (b) Monthly Income at Mod Date

(c) Pre-Mod Payment-to-Income Ratio
(d) Pre-Mod Mark-to-Market Loan-to-

Value

(e) Pre-Mod Months Past Due (f) Predicted Default Rate Using Covariates

Notes: This figure replicates Appendix Figure 5 using the full HAMP public file. This file includes loans
which do not have a match in the TransUnion data. See Appendix B.1.3 for details.
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Figure 25: Effect of 10% Payment Reduction on NPV: Robustness

Notes: This figure shows the impact of a 10 percent payment reduction on the NPV of the loan to the investor
under various assumptions. The red and yellow bars reproduce Appendix Figure 21a. The yellow bars assume
a 39 percent self-cure rate on post-modification defaults and a 56 percent loss if the loan is liquidated. The
green bars assume a self-cure rate of 18 percent and a liquidation loss of 61 percent. The blue bars assume a
61 percent self-cure rate and a 48 percent liquidation loss. See Appendix C.3.1 for the data sources for each
of these assumption. The purple bars use the same assumptions as baseline, except a 5 percent initial interest
rate.



Figure 26: Effect of Principal Reduction on Foreclosure Initiation

Notes: This figure shows the effect of principal reduction on foreclosure initiation in the matched HAMP credit
bureau dataset. The foreclosure initiation rate is plotted on the vertical axis and the normalized predicted
gain to lenders of providing principal reduction is on the horizontal axis. The dots are conditional means for
15 bins on each side of the cutoff. The line shows the predicted value from a local linear regression estimated
separately on either side of the cutoff. Construction of the IV estimate τ̂ is described in Section II.B.
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Figure 27: Effect of Payment Reduction on Credit Card Expenditure Using the Pay-
ment Reduction Discontinuity
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Notes: This figure shows the reduced form of the estimated impact of payment reduction on credit card
expenditure using the 31 percent PTI regression discontinuity strategy in the JPMCI bank dataset. The
dots are conditional means for 12 bins on each side of the cutoff. The line shows the predicted value from a
local linear regression estimated separately on either side of the cutoff. Construction of the IV estimate τ̂ is
described in Section IV.B. This strategy is unable to detect economically meaningful changes in expenditure.
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Figure 28: Projected 40-Year Mortgage Interest Rates

(a) Actual and Projected Loan Interest Rates

(b) Actual and Modeled Spread Between 30- and 40-year Rates

Notes: Panel (a) shows interest rates for various loan terms. Solid dots are data, lines are the best fit of
y = log(x) to the solid dots, and hollow dots are projections of 40-year interest rates. Green dots show
mortgage rates from the Freddie Mac Conforming Loan Survey, red squares show corporate bond spot rates,
blue triangles show Treasury note rates, and purple diamonds show fixed-for-floating interest rate swaps. Panel
(b) shows estimates of the interest premium for a 40-year loan over a 30-year loan using four methodologies.
It shows a premium of 10 basis points using actual corporate bond spot rates in a solid bar, a premium of
32 basis points extrapolated from shorter-term Freddie Mac mortgage rates in a hollow bar, a premium of 34
basis points extrapolated from shorter-term Treasury rates in a hollow bar, and a premium of 2 basis points
using actual swap rates in a solid bar. (For reference, the panel also shows the extrapolated premium using
corporate bond rates and swap rates.) See Appendix C.3.1 for calculation details and description of implied
swaps and implied corporate bonds. 27



Figure 29: Default Risk Arising From Maturity Extension Through Additional Time
Underwater

(a) Years Spent Underwater

(b) Projected Long-Term Default

Notes: See Appendix C.3.2.
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Figure 30: Amount of Payment Reduction and Default

Notes: This figure shows estimated five-year default rates for various amounts of payment reduction. The
green triangles are from the two sides of the discontinuity in Figure 5b and the orange circle is borrowers with
PTI of 55 percent from Appendix Figure 15. We take the two-year default rates and multiply them by 1.62,
which is the ratio of five-year default rates to two-year default rates among HAMP modifications performed
in 2010. The line is a best fit of a logit model to the three data points.
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Figure 31: NPV Cost of Payment Reduction for Various Sequences of Modification
Steps

(a) Add Social Value of Payment Reduction

(b) NPV of Payments Owed

Notes: The top panel takes Figure 21b and adds a line reflecting the social value of payment reduction,
assuming a $51,000 social cost per foreclosure as estimated in U.S. Department of Housing and Urban
Development (2010). The bottom panel recomputes Figure 21b using the NPV of payments owed.
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Figure 32: Consumption Functions with Cash-on-Hand and Collateral Grants at Var-
ious Dates

(a) Consumption Function out of Future Cash-on-Hand

(b) Consumption Function out of Future Collateral

Notes: The top panel plots the consumption function out of cash-on-hand under various alternative scenarios
from the model described in Appendix D. Both the horizontal and vertical axes are measured relative to
permanent income. The baseline case considers a household with no home equity (and hence no current
borrowing capacity). The lines show the consumption functions in the current period when the household is
granted one year’s worth of permanent income in the current period, in one year, and in six years. The bottom
panel shows the equivalent consumption functions for the case when the household is granted collateral, rather
than wealth, at various dates.
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Figure 33: Consumption Function Out of Principal Forgiveness

Notes: This figure plots the consumption function out of principal reduction. We begin borrowers at a 150
percent loan-to-value (LTV) ratio and give increasing amounts of principal reduction as necessary to hit a
given LTV ratio. To mimic our empirical setting, mortgage payments for households who have not defaulted
are fixed for five years, after which payments fall according to the new mortgage balance. The red arrow
shows the treatment for the average borrower in the government program. This figure assumes a collateral
constraint of 80 percent of LTV and cash-on-hand (assets + annual income) equal to 85 percent of permanent
income. See Appendix D for details.
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Figure 34: Mortgage Credit Availability

(a) Mortgage Originations by Credit Score

(b) Combined Loan-to-Value for New Home Equity Lines of Credit

Notes: The top panel plots mortgage origination by borrower credit score from the New York Fed Consumer
Credit Panel (Federal Reserve Bank of New York (2015a)). This includes first mortgages, second mortgages,
and home equity installment loans. The bottom panel plots the average combined loan-to-value (CLTV) ratio
for new home equity lines of credit (HELOCs). It is a reproduction of the first figure on page 4 of Corelogic
(2016).
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Figure 35: Effect of Modeled Principal Reduction on Borrowing Limits and Mortgage
Payments

(a) Borrowing Limits

(b) Mortgage Payments

Notes: This figure shows the effect of the modeled principal reduction policy on borrowing limits and mortgage
payments. We assume homeowners receive modifications at age 45. We set initial LTV equal to 150. For
our treatment group, we then reduce their mortgage balance by $70,000, bringing them to an LTV of 106 in
the first year. To mimic our empirical setting, mortgage payments for households who have not defaulted are
fixed for five years, after which payments fall according to the new mortgage balance.
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Figure 36: Default and Mortgage Debt Levels

(a) Default if Income + Assets < Threshold

(b) Default Rate

Notes: The top panel plots the cutoff thresholds for borrower default decisions. The vertical axis is relative to
permanent income. The line shows the baseline assumptions as described in equation (8). For borrowers with
a given LTV ratio, the line shows the cash-on-hand (income plus assets) threshold below which borrowers
decide to exercise their default option. The bottom panel plots default rates by LTV ratio. Default rates are
calculated by taking the default thresholds shown in the top panel and integrating over the distribution of
income shocks described in equation (9).
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Figure 37: Default with Heterogeneous Utility Cost of Default

Notes: This figure plots default rates by LTV ratio in the model under alternative parameterizations. The LTV
is moved according to the same policy exercise described in the notes to Appendix Figure 35a. The baseline
parameterization corresponds to that in Appendix Table 5. The “Match Xsec Correlation” series assumes a
distribution of default costs across the population instead of a constant default cost.
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Table 1: HAMP Summary Statistics Pre- and Post-Credit Bureau Match

Pre-Match Post-Match Normalized
Mean SD Mean SD Difference

Income 54,549 24,638 51,186 23,612 -0.14
Home Value 197,080 123,940 178,250 114,753 -0.15
Loan to Value Ratio 143 44 144 46 0.00
Monthly Mortgage Payment 1,716 875 1,551 789 -0.19
Monthly Payment to Income Ratio 0.48 0.12 0.47 0.12 -0.11
Mortgage Interest Rate 0.063 0.020 0.063 0.020 -0.00
Mortgage Term Remaining (Years) 25.9 4.6 25.8 4.7 -0.01
ARM (d) 0.49 0.50 0.46 0.50 -0.05
Months Past Due 10.9 11.5 9.5 10.5 -0.12
Credit Score 584 74 582 75 -0.03
Male (d) 0.57 0.50 0.56 0.50 -0.02
Age 48.8 10.8 48.6 10.9 -0.01
Monthly Payment Reduction ($) 737 544 641 483 -0.18
Monthly Payment Reduction (%) 42 20 41 20 -0.07
Principal Forgiveness Amount 53,046 70,413 46,025 62,173 -0.10
Received Principal Forgiveness (d) 0.59 0.49 0.59 0.49 -0.01
Post Modification LTV 134 34 135 35 0.03
Post Modification DTI 0.30 0.04 0.30 0.04 -0.05
Post Modification Default (d) 0.201 0.400 0.201 0.400 0.00

N 221,487 105,365

Notes: This table shows characteristics for all HAMP borrowers who were underwater and evaluated for both
modification types during our sample window. Our regression discontinuity and panel difference-in-differences
analyses each use different subsets of the matched sample. The normalized difference in the final column is
the difference in means divided by the pre-match standard deviation. All values are before modification unless
otherwise noted. (d) indicates a dummy variable.
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Table 2: Summary Statistics for Difference-in-Differences Analysis

Payment Reduction Payment and Principal
Reduction

Mean SD Mean SD

Principal Forgiveness Amount 13,257 36,479 80,460 64,675
NPV Payment Reduction 63,000 60,050 97,397 74,112
Monthly Payment Reduction ($) 676 478 674 505
Monthly Payment Reduction (%) 38.5 18.3 41.9 21.4
Loan to Value Ratio 143 43 145 48
Post Modification LTV 148 34 122 29
Monthly Payment to Income Ratio 0.47 0.11 0.47 0.12
Post Modification DTI 0.31 0.03 0.30 0.05
Income 55,597 23,753 52,924 23,692
Credit Score 598 83 578 72
Home Value 205,275 118,748 174,994 111,218
Monthly Mortgage Payment 1,725 803 1,593 780
Mortgage Interest Rate 0.061 0.018 0.064 0.019
Mortgage Term Remaining (Years) 26.2 4.5 26.1 4.4
Male (d) 0.58 0.49 0.55 0.50
Age 48.3 11.2 48.8 10.8

N 35,485 33,457

Notes: This table shows summary statistics for the matched HAMP credit bureau sample analyzed in the panel
difference-in-differences research design discussed in Section III. The sample includes underwater borrowers
who are observed in the credit bureau records one year before and after modification and report positive
credit card expenditure in at least one month during this window. All variables are before-modification unless
otherwise noted. (d) indicates a dummy variable.

38



Table 3: Impact of Principal Reduction on Credit Card Expenditure Using Bank Data

This table reports difference-in-differences estimates of the effect of principal reduction on credit card expen-
diture in the JPMCI bank account dataset. The coefficient of interest, Treatment, is the estimated change in
the difference between outcomes of mortgages receiving modifications with and without principal reduction
during the year after modification. All specifications include fixed effects for modification type and months
since modification. Controls include pre-modification loan characteristics (LTV, principal balance), property
value, and LTV at origination. The sample includes all HAMP borrowers with a mortgage and a credit card
with Chase who are observed one year before and after modification. The dependent variable mean in the year
before modification is reported for borrowers receiving principal reduction modifications. Standard errors, in
parentheses, are clustered at the borrower level (nborrower = 10, 741). See the text for additional detail on
the specification, outcome measures, and sample.

Credit Card Expenditure ($/month)

(1) (2) (3) (4) (5) (6)

Treatment (Principal Reduction x Post) 0.932 0.807 5.658 � 0.524 � 5.828 � 2.227
(6.969) (7.229) (8.921) (9.966) (10.002) (10.210)

MSA Fixed Effects Yes
Calendar Month Fixed Effects Yes
MSA by Calendar Month Fixed Effects Yes Yes Yes
Controls Yes Yes
Controls x Post Interactions Yes
Dependent Variable Mean 228.02 232.14 228.02 232.14 232.14 232.14
Observations 268,525 254,084 268,525 254,084 254,084 254,084
Adjusted R2 0.001 0.020 0.006 0.011 0.025 0.026
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