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Abstract

I use an episode of tight credit supply in the mortgage market to document the im-
portance of credit rationing. Following market disruptions in March 2020, borrowers
with jumbo loans saw significantly tighter credit supply conditions relative to borrow-
ers with conforming loans. This caused jumbo borrowers to be 50 percent less likely
to refinance and when they refinanced they borrowed 4-6 percent less than borrowers
facing looser credit conditions. I decompose the total decline in borrowing into a price
and rationing mechanism, specifically a sharp decline in the availability of cash-out
refinances, and find that rationing accounts for two to three times as much of the de-
cline as prices. That rationing was at least as important as prices is not adequately
explained by models based on asymmetric information. I provide a novel explanation
where risk aversion and an inability to perfectly condition prices on realized demand
can cause lenders to respond to expected defaults by severely rationing credit while
charging only a modest or even negative premium.
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1 INTRODUCTION

There is apt to be an unsatisfied fringe of borrowers, the size of which can be
expanded or contracted, so that banks can influence the volume of investment by
expanding or contracting the volume of their loans, without there being necessarily
any change in the level of bank-rate, in the demand-schedule of borrowers, or in
the volume of lending otherwise than through the banks. This phenomenon is

capable, when it exists, of having great practical importance. — Keynes (1930)

Understanding the extent to which lenders use non-price mechanisms, or rationing, to
clear credit markets is important for how we characterize the state of credit markets.! If
lenders primarily hold rationing constant and adjust prices in response to a shock, then credit
spreads will sufficiently describe credit supply conditions. However, if changes in rationing
are important, then measures and models assuming only price clearing may fundamentally
mis-characterize credit market conditions.? As Keynes suggested, in a world where lenders
rely on rationing there may be large changes in credit quantities accompanied by no change
or even declines in credit spreads. Following Keynes (1930), a line of research developed
which argued that business-cycle movements in credit quantities may be often be caused
by changes in credit rationing, although these arguments typically lacked compelling mi-
3

crofoundations.” More recently, there is a deep literature on imperfect contracting where

non-price mechanisms and rationing play a critical role in credit markets due to problems

4

of asymmetric information.® But there is still little empirical guidance on how important

IThere is significant confusion about the exact definition of rationing. Here, I use it to mean some
quantity of lending demanded at a market price not being originated even though some quantity of identical
loans were originated at that price. See Jaffee and Stiglitz (1990) for more discussion on possible definitions.

2For example, Iacoviello and Minetti (2008) mention the possibility that non-price rationing may pollute
the interpretation of the external finance premium in their analysis, but the problem is left unresolved.

3See Baltensperger (1978); Baltensperger and Devinney (1985); Jaffee and Stiglitz (1990). Stiglitz and
Weiss (1981) and Jaffee and Russell (1976) provided theoretical justifications for why prices might not be
sufficient to clear credit markets based in asymmetric information problems.

1See, among many others, Calomiris and Hubbard (1990); Adams, Einav and Levin (2009); Einav, Jenk-
ins and Levin (2012); Ambrose, Conklin and Yoshida (2016); Crawford, Pavanini and Schivardi (2018);
Chodorow-Reich, Darmouni, Luck and Plosser (2022).



prices are relative to rationing in understanding how credit markets respond to shocks and
it is still the case that most macroeconomic models of credit markets assume credit markets
clear through prices.’

In this paper, I quantify the relative importance of price and rationing mechanisms
in jumbo mortgage refinancing after the onset of relatively tight credit supply conditions
March 2020. To identify these effects I use the fact that the credit risk of loans in the jumbo
market is privately held while conforming loan risk is held largely by the GSEs, leading to
drastically different credit and liquidity conditions (Fuster, Hizmo, Lambie-Hanson, Vickery
and Willen, 2021). By comparing the refinancing behavior of borrowers more dependent on
the jumbo market to borrowers less dependent on the jumbo market, I can isolate credit
supply conditions and study the transmission of these conditions to borrowers through price
and rationing mechanisms.

I make three specific contributions. First, I show that tight credit supply in the jumbo
market significantly reduced jumbo refinancing rates throughout the refinancing boom. Re-
financing rates between jumbo and conforming borrowers track each other extremely closely
leading up to the pandemic, consistent with the assumption that refinancing demand follows
parallel trends across these market segments. However, a large gap in refinancing rates be-
tween jumbo and conforming market borrowers emerges in March 2020 and persists through
September 2021. Borrowers refinancing jumbo loans were 25 to 50 percent less likely to
refinance between March 2020 and September 2021, even as there was an overall increase
in the likelihood of refinancing. So while demand for refinancing increased with declining
interest rates, credit supply conditions in the jumbo market were relatively tighter.

Second, I document a large decline in the intensive margin of borrowing by jumbo bor-

rowers who do refinance and show that this decline is primarily explained by rationing. By

°For example, Kiyotaki and Moore (1997); Bernanke, Gertler and Gilchrist (1999); Iacoviello (2005);
Tacoviello and Minetti (2008); Curdia and Woodford (2010); He and Krishnamurthy (2013); Gilchrist and
Zakrajsek (2012); Buchak, Matvos, Piskorski and Seru (2024); Drechsel (2023). While collateral or cash-flow
constraints may become more or less binding in some of these settings, this is due to the change in the value
of the collateral or cash-flows and not a change in the constraint itself holding fixed the collateral value or
cash flows.



tracking refinancing borrowers into their new loans, I observe both the price they paid and
the size of their new loan. Conditional on refinancing, tight credit supply caused jumbo
refinancers to borrow four to six percent less than conforming borrowers. This is an eco-
nomically large shift since the average change in debt conditional on refinancing is about
five percent over this period. At the same time, I estimate that borrowers with loans in the
jumbo market faced a premium of 15-20 basis points. Together, these numbers give esti-
mates of the semi-elasticity of mortgage debt of about -0.29 to -0.37, or at least a 29 percent
reduction in borrowing if rates increased by 100 basis points. This is an order of magnitude
larger than existing estimates in the literature (DeFusco and Paciorek, 2017) and implausibly
large. Moreover, the estimated effect on borrowing is essentially constant between March
2020 and September 2021, while the price premium varies and even disappears. This fact,
along with the extremely high semi-elasticity estimate, suggests that the price of borrowing
cannot explain much of the adjustment in quantities.

Instead, I show that the decline in the intensive margin of borrowing is largely explained
by a rationing mechanism, a reduction in the supply of cash-out refinances to jumbo bor-
rowers. Cash-out refinances allow borrowers to borrow at a new rate as well as extract
equity from their home and they typically have different underwriting rules than rate refi-
nances. | estimate that tight credit supply reduced the probability a borrower refinanced a
jumbo loan with a cash-out loan by 13-19 percentage points, a decline of at least 50 percent
from pre-pandemic rates. This shift took place despite the fact that home equity surged
with house prices throughout this period, further distinguishing this mechanism from more
traditional collateral value channels. Holding the cash-out margin fixed, I re-estimate the
elasticity of mortgage demand and get more plausible estimates, suggesting that rationing
was confounding the price effect. 1 then derive a simple linear decomposition to show that
the price premium faced by jumbo borrowers explains only about 25 percent of the total
decline in leverage, while the fall in cash-out refinancing explains two to three times as much

of the decline.



To summarize the empirical contributions, tight credit supply in the jumbo market caused
large relative declines in borrowing and this was primarily implemented through rationing,
while the role played by prices was modest. In fact, looking only at the rate premium
would have incorrectly suggested there was very little difference in credit supply across the
conforming and jumbo markets. These results suggest that rationing played a central role in
how lenders manage changes in the credit environment, which has implications for tracking
business and credit cycle dynamics and brings up important questions of what pins down
the use of prices relative to rationing.

The effects I document are difficult to rationalize with a classic asymmetric information
model of rationing (Jaffee and Russell, 1976; Stiglitz and Weiss, 1981). These models rely on a
tight link between prices and the asymmetric information friction. For example, if high prices
exacerbate adverse selection by only attracting borrowers likely to default. But this kind of
mechanism is difficult to reconcile with the mortgage market, where price volatility across
time and price dispersion across lenders and products are both economically large despite
mortgages being essentially a commodity (Bhutta, Fuster and Hizmo, 2020; Woodward and
Hall, 2012). If lenders can set very different prices for essentially identical products, then
asymmetric information effects that operate through the price are unlikely to be an important
constraint on how lenders can set the price. Moreover, my empirical results show that lenders
both change prices and change their rationing decision. To the best of my knowledge, there
are no models of price determination in credit markets or otherwise that pin down both
the price set by the lender and the lender’s rationing decision. So it is difficult to point to
economic mechanisms that can explain why lenders did not rely more on increasing prices
in this episode.

So my third contribution is to develop a novel framework that allows lenders to simul-
taneously set prices and quantity constraints, or rationing, to explain why lenders may rely
heavily on rationing even when they charge modest price premia. In this framework, lenders

face uncertainty about future demand and defaults and they must commit to a price and



quantity constraint, or maximum quantity of loans they are willing to originate, before
uncertainty about demand is realized. Critically, I do not impose any asymmetric infor-
mation problem between borrowers and lenders so that lenders are free to increase interest
rates without inducing a higher rate of default.® Instead, I assume that lenders cannot
perfectly condition prices on every possible state of demand or on future realized defaults
and that lenders have some risk aversion so that they value avoiding losses more than earn-
ing equivalently-sized profits. Thus, my explanation for credit rationing is fundamentally
distinct from classical explanations and may apply to non-credit markets where lenders set
prices and face uncertainty about demand and the future profitability of production, such
as in New Keynesian models.”

With these assumptions I can characterize the optimal price and quantity constraint
set by lenders as simple functions of the primitive environment. Lenders will set binding
quantity constraints if the combination of losses due to defaults and high demand are large
enough to outweigh the gains from high demand without defaults. I then show that being
able to set quantity constraints can fundamentally change how the lender uses the price to
respond to changes in default or demand. Intuitively, if a lender sets a binding quantity
constraint it means that the lending below the constraint is price inelastic (since there are
rationed quantities the lender can increase the price and still face the same level of demand).
Thus, the lender uses the price in part to target markups and in part to respond to increased
costs in default. Most importantly, increases in expected default can cause large increases in
rationing with small or even negative changes in prices, consistent with the empirical results
I document. While the model I present is primarily illustrative, the basic framework can be
adapted to a richer setting in order to structurally quantify the use of rationing relative to

prices.

50ne could easily incorporate an asymmetric friction as a special case, but I set it aside so as to highlight
the distinct mechanisms at play in this framework.

"In this way it is related to disequilibrium concepts as in Barro and Grossman (1971). My framework is
quite distinct from those in Weitzman (1974) or Flynn, Nikolakoudis and Sastry (2023), where the producer
decides whether to set the price or to set the quantity. In my framework the producer sets both the price
and the maximum quantity.



Turning to the empirical work in more detail, the exercise hinges on credibly identifying
variation in credit supply and then tracing its effects across prices, the extensive margin of
refinancing probabilities, and the intensive margin of borrowing conditional on refinancing.
To identify differences in credit supply, I leverage the requirement that conforming loans must
be at or below the “conforming” loan limit and compare refinancing behavior of borrowers
with loans above and below these limits. These limits are set annually at the county level
by the FHFA with loans above these limits ineligible for sale to a GSE and so ending up in
the jumbo market.®

Refinancing behavior is known to be very volatile and difficult to parameterize in terms
of observables (DeFusco and Mondragon, 2020), so it is critical to have a counterfactual
for the refinancing behavior of treated borrowers. If demand for refinancing follows parallel
trends above and below the conforming loan limits, then borrowers below the conforming
limits will provide a valid counterfactual for refinancing behavior of borrowers above the
limits. Consistent with this assumption, refinancing rates for borrowers above and below the
conforming limits were essentially identical and moved in lockstep until March 2020. After
this both sets of borrowers begin refinancing at much higher rates, but borrowers with loans
above the limit and so more dependent on the jumbo market are much less likely to refinance
than borrowers with loans below the limit. Even after the emergence of this gap, refinancing
for the two sets of borrowers still largely move together, consistent with the demand for
refinancing in both groups of borrowers moving in parallel. Controlling for a rich host of
observable differences across borrowers including credit scores, leverage, and location, I again
find that there is essentially no difference in refinancing rates leading up to the pandemic, but
then jumbo borrower refinancing falls sharply relative to the counterfactual. The magnitude
of these effects is large: from April 2020 to May 2021 the monthly jumbo borrower refinancing

rate is about 1 to 1.5 percentage points lower than the counterfactual, a decline of about 25

8Whether or not a loan is eligible for sale to a GSE also requires that it is underwritten in accordance
with GSE standards, for example that it was approved by a GSE automated underwriting system such as
Desktop Underwriter.



to 50 percent relative to the average.

One concern is that the differences in refinancing I estimate reflect some latent difference
in demand that is correlated with loan size. However, in the data I find that refinancing
rates are essentially identical above and below the conforming limits before the pandemic,
with no apparent correlation between distance to the conforming limits and the probability
of refinancing. After mortgage rates fall, refinancing increases for all borrowers, but bor-
rowers with loans directly above the conforming loan limit are now significantly less likely
to refinance relative to borrowers directly below the limit, consistent with reduced credit
supply above the limit. While the probability of refinancing is uncorrelated with loan size
below the conforming limit, after credit conditions tighten borrowers with loans above the
limit become are less likely to refinance the further their loan is from the limit. This suggests
that as credit supply tightened, some jumbo borrowers would refinance into the conforming
market by paying down their balance, but this becomes more difficult as the amount that
the borrower must pay down increases. All of these results are robust to controlling for an
exhaustive set of controls and point to their being no significant differences in the demand
for refinancing above and below the limit.

I next examine how tight credit supply affected the intensive margin, or the change in
how much the borrower was borrowing conditional on refinancing. Using consumer credit
bureau records merged to loans, I track the change in a borrower’s total mortgage debt as
well as the change in interest rates on the loans. Thus, I can estimate the effect of tight credit
supply on the amount that refinancing borrowers actually take out and what they paid. The
identification assumption here is identical to that before: I assume that the demand for debt
follows parallel trends for borrowers above and below the conforming limit. This assumption
implies that any differences in borrowing, even conditional on refinancing, will be attributed
to differences in supply. Consistent with this assumption, I find that borrowers refinancing
jumbo loans made similar borrowing decisions to borrowers refinancing conforming loans

leading up to the supply disruptions. But from March 2020 to late 2021 jumbo borrowers that



refinanced reduced their borrowing by four to six percent relative to conforming borrowers
that refinanced. This relative fall in borrowing is effectively constant and economically large.
So in addition to reducing access to lower interest rates for jumbo borrowers, tight credit
supply reduced the actual quantity of debt taken on by refinancing borrowers.

One possibility is that this reduction in borrowing was caused by an increase in the rate
that jumbo borrowers faced. I provide two estimates of the effect of tight credit supply
on interest rates paid by jumbo refinancers. First, I look at all newly originated refinance
loans and estimate that jumbo refinancers faced a maximum premium of about 20 basis
points in mid-2020, controlling for a full set of pricing characteristics. This is smaller than
the premium estimated in Fuster et al. (2021) using posted offer sheets and also has very
different dynamics, which could reflect borrower search across lenders and differences in
composition of lenders. I also use the sample of borrowers matched across loans where I
can observe the rates on their old and new loans and estimate slightly lower rate premia.
Overall, borrowers who did refinance jumbo loans paid about 14-16 basis points more than
borrowers refinancing conforming loans.

One way to think about the magnitude of these interest rate premia is to combine them
with the changes in borrowing and estimate the semi-elasticity of mortgage debt to interest
rates. Specifically, I regress the change in borrowing on the change in interest rates, where I
instrument for the change in with the interaction of indicators for being above the limit and
after March 2020. To interpret this estimate as the semi-elasticity of demand requires the
additional exclusion restriction that there are no simultaneous non-price changes in credit
supply that would affect the borrowing decision. Under this assumption, I get estimates
ranging from -0.29 to -0.37, or that a 100 basis point increase in rates reduces mortgage
borrowing by 29 to 37 percent. This estimate is much larger, implausibly so, than related
estimates in the literature such as DeFusco and Paciorek (2017); Best, Cloyne, Ilzetzki and
Kleven (2020). For example, if we take the preferred estimate of -0.02 from DeFusco and

Paciorek (2017), the observed effect on borrowing would imply an increase in interest rates



of 250 basis points, over ten times larger than what I actually estimate. While the type
of variation I use is distinct from the approach in these bunching/notch studies, the likely
reason the estimates are so different is that changes in non-price mechanisms did affect how
much borrowers borrowed.

I identify one specific non-price mechanism, a large reduction in the supply of cash-
out refinances. Because cash-out loans involve large increases in leverage they are often
priced differently and subject to different underwriting requirements including credit score
thresholds, loan-to-value thresholds, income ratios, and income documentation. Because
they are treated as a distinct product lenders have the ability to change criteria just on
these loans or even to stop offering them at all. I find that, conditional on refinancing,
the probability a jumbo refinancer received a cash-out refinance fell by 13 to 19 percentage
points relative to conforming borrowers. This is a large decline, equivalent to about 50 to
70 percent relative to pre-pandemic rates.

To quantify the importance of this mechanism, I derive a simple linear decomposition of
the decline in borrowing into price and non-price shifts in credit supply. Specifically, I decom-
pose the total intensive-margin effect on jumbo borrowing into the price effect on borrowing
in rate refinances, the price effect on borrowing in cash-out refinances, and the non-price
shift from cash-out to rate refinances. Together the price effects explain about 25 percent
of the total decline in leverage. The decline in cash-out refinancing caused borrowing to fall
by at least 50 percent of the total decline. Overall, I find that the non-price mechanism was
two to three times as important as the price effect in explaining the decline in borrowing.
Intuitively, this is because cash-out loans typically increase a borrower’s debt by about 19
percent, significantly more than the one percent increase in debt taken for rate refinances.
Thus, any shift of refinancing from cash-out to rate refinances will have a significant effect
on overall changes in borrowing. Combining the price and non-price effects at the same
time explains about 80 percent of the total decline, suggesting that the simple linear de-

composition captures most of the relevant mechanisms. However, this decomposition likely



understates the true scope for non-price mechanisms as it assumes that within cash-out and
rate refinances there were not additional shifts in non-price aspects of the loan that reduced
how much refinancers could borrow.

In the next section I describe the institutional background and data. Then I present the
empirical results and decomposition. I think layout the simple model to rationalize these

findings without a traditional asymmetric information friction. Finally, I conclude.

2 INSTITUTIONAL BACKGROUND AND DATA

In this section I describe the important features of the institutional background that are

central to the identifying variation in credit supply and then the data I use for the analysis.

2.A Institutional Background

The U.S. mortgage market is composed of several important segments primarily defined
by who ends up holding the credit or default risk of the borrower. The conforming mort-
gage market, defined as loans eligible for purchase by the government-sponsored enterprises
(GSEs) Fannie Mae or Freddie Mac, is typically the largest segment. These loans are origi-
nated and priced by lenders but underwritten according to the criteria set out by the GSEs
and typically by GSE software directly. So long as these loans satisfy the underwriting cri-
teria, they may be sold to a GSE (Stanton, Walden and Wallace, 2014). This means the
GSE has largely assumed the credit risk of the loan.” The loans purchased by the GSEs are
typically packaged into so-called agency mortgage-backed securities (MBS) with the credit
risk retained by the GSE, so that investors in agency MBS will not lose any principal from
defaults. As a result, agency MBS are widely held and traded, providing significant liquidity

in the conforming mortgage market.

9This assumption of credit risk is not absolute since the originator is still responsible for representations
and warranties for the loan’s quality. So the GSE can force the seller to repurchase (“putback”) the loan.
Similarly, the company responsible for servicing the loan can be exposed to some liquidity risk in the event
of default as they resolve the loan’s foreclosure or become responsible for forwarding payments until the
resolution of the default (Fuster, Goodman, Lucca, Madar, Molloy and Willen, 2013).

10



If a loan is not eligible for sale to a GSE or for insurance through a government program
like FHA, then the loan is private and the credit risk will reside with some combination of
the loan originator and any investor that may purchase the loan. The size of this market
and the types of loans originated have varied substantially over the years. At the mid-2000s
peak, the non-GSE, non-government share of the market was well over half of the total loan
market, much of it passing into the private-label MBS market.!® Following the financial
crisis, the private origination and secondary markets have been much smaller.

While there are numerous characteristics that can make a loan ineligible for the GSE
market, one central requirement is based on the size of the loan. The Federal Housing Finance
Agency (FHFA) specifies the conforming loan limits (CLLs) each year, which determine for
each county the largest loan size that is still eligible for sale to a GSE.!! Loans that are above
these limits are called “jumbo” and the credit risk will be held by either the originator or
investor. These limits are set nationally as a function of house price appreciation with county-
level exceptions for counties where median home values exceed the limit by 115 percent.'?
Since the financial crisis, these loans have typically made up 4 to 5 percent of all purchase
and refinance first-lien loans, but 10 to 17 percent of total loan dollars due to the larger size
of each loan.'® Jumbo loans have sometimes been subject to a price premium reflecting the
higher risk and lower liquidity in the market (DeFusco and Paciorek, 2017), but often there
is an apparent discount in the cost of a jumbo loan, even adjusting for borrower quality.

From the perspective of the lender, the difference between a loan above or below the limit,
even to the same borrower, is significant. A jumbo loan will need to be held on the balance
sheet or sold to another balance-sheet investor (such as a very large bank), as opposed to

conventional loans, which are typically quickly sold off to a GSE. So jumbo loans can be

10Gee origination volume and composition at https://www.urban.org/sites/default/files/publication/
103746 /housing-finance-at-a-glance-a-monthly-chartbook-february-2021_0.pdf

"This limit is a necessary, but not sufficient condition as the loan must still be underwritten to conform
with GSE standards in order to be eligible for purchase.

2https:/ /www.fhfa.gov/DataTools/Downloads/Documents/Conforming-Loan-Limits/FHFACLL-FAQs.
pdf

B3https://files.consumerfinance.gov/f/documents/cfpb_2019-mortgage-market-activity-trends_report.pdf
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https://www.urban.org/sites/default/files/publication/103746/housing-finance-at-a-glance-a-monthly-chartbook-february-2021_0.pdf
https://www.fhfa.gov/DataTools/Downloads/Documents/Conforming-Loan-Limits/FHFACLL-FAQs.pdf
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https://files.consumerfinance.gov/f/documents/cfpb_2019-mortgage-market-activity-trends_report.pdf

more expensive to originate, especially when balance sheet space is costly. Similarly, changes
in the risk environment will matter much more for a jumbo loan, where all of the costs of
default are borne by the lender/investor. While conforming loans in default may still be
costly to resolve, lenders necessarily bear less cost from default itself. It is this strict division
in the risk and liquidity of lending across these two markets that I will exploit to identify

relative shifts in credit supply.

2.B Data Sources

I rely on the Equifax Credit Risks Insight Servicing McDash and Black Knight McDash
Data for the analysis. These data are constructed from a merge of mortgage performance
and origination data to credit bureau data. Merged loans will have a broad set of credit
burea data for each month the loan data are collected as well as six months before the
loan appears and six month after the loan is terminated. While the loan performance data
record standard repayment information, including whether or not a loan is paid off or if
it has entered into foreclosure, they do not distinguish between payoffs from sales or from
refinances. To address this issue I rely on the credit bureau data. These data allow me to
observe the total mortgage balances carried by a borrower as well as information on whether
or not the borrower has moved. These allow me to determine if a borrower that has paid off
their loan did so through a sale, a refinance, or otherwise.'*

I also use a subsample of borrowers that have paid off their loans who are then matched
into a new loan in the same data.'> When this is the case I can observe all of the origination
features of both the old and new loan, as well as any other junior lien mortgage debt the
borrower may be carrying on their credit records. Critically, I can calculate the change
in the rate the borrower is paying on the old and new loans, which I use to estimate the

semi-elasticity of mortgage debt.

148pecifically, I define a payoff event as a refinance if the credit report shows a mortgage balance three
months after the loan has closed and if there is no change in address reported on the borrower’s credit file.

15These matches happen when both the old and the new loan happen to be serviced by the same set of
servicers that provide these data.

12



2.C Sample Selection and Description

To construct the analysis sample I select all the loans that had a balance within $250,000
of the relevant CLL at any point between December 2018 and December 2019, although for
much of the analysis I restrict the window to loans within $150,000 of the CLL. I then pull
all origination, performance, and credit bureau data for the loans and borrowers associated
with these loans from December 2019 to December 2022 unless they are paid off sooner. By
focusing the analysis on this cohort of loans constructed from pre-pandemic criteria, I avoid
any concerns about selection into or out of the jumbo market by new loans after the onset of
the crisis. I further restrict the analysis to first-lien, fixed-rate, single-family, owner-occupied
mortgages with non-missing measures of current risk score and estimates of current loan-to-
value. I drop borrowers linked to multiple mortgages at the same time unless one loan is
being paid off and I randomly select a borrower for a loan if multiple borrowers are matched
to that loan. I define a refinance as when a loan is paid off, the borrower does not change
address in the credit bureau data for six months before or after the payoff date, and the
borrower’s credit records show valid mortgage balances six months after the payoff date.'6

The final analysis contains approximately 65 million loan-month observations generated
from over 2.1 million unique loans in the initial cohort. I present summary statistics on
these loans in Table I. The vast majority of these loans are below the conforming loan
limit and only 90,000 are jumbo. Of loans that refinance, I identify about 133,000 of the
new refinanced loans, roughly 5,000 of which are jumbos. The sample is heavily skewed to
loans below the conforming limit, consistent with the much smaller size of the jumbo market
overall.

Among differences in origination characteristics, jumbo loans are much larger, tend to
have higher credit scores, lower LTVs, and lower debt-to-income ratios. All consistent with

lenders setting tighter underwriting standards for jumbo borrowers. Origination rates on

16The long window for the mortgage balance is needed to allow time for the mortgage that is paid off to
roll off of the credit records.
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jumbo loans also tend to be somewhat lower, although these interest rates are not conditioned
on differences in borrower characteristics.

The unconditional rates on the new loans into which borrowers refinance are broadly
similar, with the average borrower reducing their rate by a little more than one percentage
point. On average borrowers increase their debt by five percent and about 20 percent of all
refinances are cash-out refinances, defined as loans where the change in debt was more than
five percent (Bhutta and Keys, 2016). On average, cash-out refinances increase mortgage
debt by about 19 percent, while rate refinances increase debt by about one percent. Interest-
ingly, the average jumbo rate refinance actually reduces debt, consistent with some jumbo
refinancers deleveraging to access the conforming market.

Finally, the average borrower-loan has a relatively low current LTV at 61 percent, con-
sistent with the rapid growth in house prices. Jumbo loans tend to be slightly younger,
possibly reflecting the typically higher refinancing rate of jumbo borrowers. However, over
this sample period jumbo loans have a lower likelihood of refinancing each month, consistent

with tighter credit supply conditions in the jumbo market.

3 EMPIRICAL RESULTS

In this section, I document that credit supply in the jumbo market tightened up in March
2020, estimate how it affected access to refinancing, the cost of refinancing, and borrowing.
I begin with the probability of refinancing in part because this is useful for establishing that
there was a relative tightening in credit supply. I then move to the cost of borrowing and
the intensive margin of how much to borrow in order to quantify the relative importance of
price and non-price mechanisms.

To estimate a valid counterfactual for jumbo refinancing rates, I adopt a difference-in-
differences strategy leveraging the fact that credit supply conditions varied discretely with
whether or not a borrower had a loan above or below the CLL. If borrowers with loans

above the CLL have similar demand for refinancing to borrowers below the CLL, then the

14



refinancing behavior of borrowers below the limit will provide a plausible counterfactual of
refinancing with more relaxed credit supply. I provide evidence supporting this assumption
below.

The treatment in this context is whether or not the borrower’s loan is above or below
the limit, so that treatment occurs simultaneously for all treated borrowers. This helps
to avoid complications with interpreting the treatment effect in the context of dynamic
different-in-differences (Goodman-Bacon, 2018). However, there is another nuance in this
environment in that borrowers both above and below the limit are affected by differences in
credit supply across the limit. For example, a borrower with a conforming loan may want to
do a cash-out refinance, in which the equity they extract could push them above the CLL.
Therefore, changes in jumbo credit supply may also have an effect on conforming borrowers.
Similarly, borrowers with loans right above the limit are potentially much less affected by
credit conditions for loans above the limit since a small reduction in their balance would let
them access the conforming market. Together these effects would lead me to underestimate
effects of tight credit supply. I address this concern by dropping loans within a narrow range
of the CLLs to run a “donut” analysis. This will avoid using jumbo borrowers for whom the
CLL is least binding (for example, a borrower with a loan one dollar above the limit) and

conforming borrowers that are most affected by the CLL.

3.A Results

Graphical Evidence

As motivation for the empirical strategy, I begin by presenting simple graphical evidence
indicating that the refinancing trends across the conforming and jumbo loan markets move
in parallel until a sharp change at the onset of the pandemic. In Figure I Panel A, I plot
monthly refinancing probabilities for borrowers above and below the CLL. Refinancing rates

were essentially identical with only slight deviations in the levels up until March 2020. Then
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both sets of borrowers see substantial increases in refinancing as rates fall, but borrowers with
loans below the CLL are about one percentage point more likely to refinance than borrowers
below the limit. After this spread in refinancing rates opens up, the monthly variation in
refinancing is actually very strongly correlated across both sets of borrowers with nearly
identical peaks and troughs. That these two fairly volatile series are so strongly correlated
suggests that the underlying factors driving refinancing demand, such as interest rate savings
and sufficient levels of equity, are moving in parallel across both markets. The gap in
refinancing rates starts to narrow around May and April 2021 and disappears completely by
October 2021.

In the second panel of Figure I, I sort loan-month observations into 40 bins according to
the difference between the loan balance and the CLL and then plot average refinancing rates
for different periods.'” First, refinancing rates for borrowers above and below the conforming
loan limit were essentially identical before the pandemic with no clear correlation between
distance to the limit and refinancing probability. From March 2020 to April 2021, refinancing
rates increased across the board, but a stark difference emerges between borrowers above
and below the CLL. Borrowers immediately above the CLL refinanced at lower rates than
borrowers just below the CLL, and refinancing rates continued to decline as distance to the
CLL increased. The fact that jumbo refinancing seems to decline with distance to the CLL
is consistent with jumbo credit supply being constrained, but these constraints become less
binding as borrowers are closer to the CLL and it becomes less costly to refinance with a
conforming loan. From May 2021 to December 2021 the gap between conforming and jumbo
refinancing rates closes, although this is accomplished primarily by a decline in conforming
refinancing rates.

These results are all suggestive that refinancing demand moved in parallel for jumbo
and conforming borrowers and that supply-side constraints may have reduced refinancing

among jumbo borrowers. As further evidence, Figure II plots how the rate gap or difference

17T drop loans that are within $1,000 to focus on the differences for loans clearly above or below the limit,
but in the analysis below I include these loans.
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between the borrower’s rate and the average rate on new originations varies with distance
to the CLL. The rate gap is a simple but empirically useful measure of refinancing demand
(Berger, Milbradt, Tourre and Vavra, 2018). The figure shows that rate gaps were more or
less identical on either side of the CLL before March 2020 and throughout the refinancing
boom, suggesting that different gains from refinancing are unlikely to explain the differences
in refinancing rates. However, after the boom has concluded rate gaps are significantly higher
for borrowers above the CLL, reflecting the fact that they were less likely to refinance while
rates were very low.

Figure IT Panel B plots the number of mortgage inquiries recorded by the credit bureau as
a function of distance to the CLL. Mortgage inquiries are not a perfect measure of refinance
demand as a borrower that is likely to be ineligible for a loan may be dissuaded from submit-
ting an application that would initiate an inquiry, but they should still be informative about
refinancing activity in general. The figure shows that mortgage inquiries are completely un-
correlated with distance from the CLL in the pre-pandemic period, consistent with borrowers
above and below the limits sharing similar demand and supply conditions. As refinancing
goes up inquiries are systematically lower for borrowers above the limits, again consistent
with these borrowers being unable to find credit. After May 2021 the inquiry levels are
broadly similar again, although borrowers above the limits seem to have relatively higher
inquiry rates, potentially suggesting some pent up demand (although this is not evident in
actual refinancing rates).

Together, with the tight relationship between refinancing rates across time, these results
suggest that demand for refinancing is uncorrelated with being above or below the conforming

limit or with distance from the limit.
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Probability of Refinancing

I first estimate a model that allows the effect of being above the CLL to vary with each
month:

Refinance; = a+ 0, + X,y + Z By - AboveLimit; + €, (1)
t

The coefficients of interest are the (1;’s, which give the differential refinancing behavior of
jumbo borrowers. This specification serves as an additional check on pre-trends and allows
me to trace out the dynamics of tight credit supply across time. The control vector X
includes the interaction of bins of contemporaneous credit score and LTV, deciles of the
rate gap or difference between the borrower’s current rate and the average newly originated
rate (Berger et al., 2018), deciles of the remaining maturity of the loan, and fixed effects for
whether the original loan was a purchase or refinance. All of these are then interacted with
a “Post” fixed effect to allow their effects to vary after the onset of the pandemic. I also
include zip-level fixed effects.

The estimated (y;’s are plotted in Figure 11T Panel A along with 95% confidence intervals
from standard errors double-clustered on bins of distance from the CLL and month. The
estimates show that differences in refinancing between conforming and jumbo borrowers were
effectively non-existent or small in the months leading up to the pandemic. But beginning
in March 2020, borrowers with jumbo loans become significantly less likely to refinance their
loan. A 50 basis point relative decline in March grows to over 100 basis points by April 2020.
This wedge between jumbo and conforming refinancing rates then shrinks quickly in April
2021, at which point it gradually declines until there is again zero difference between jumbo
and conforming refinancing rates by October 2021.

There are several interesting features to these dynamics. First, the decline is almost
immediate and then is relatively constant for almost a year. This is despite large changes
in refinancing volume, house prices, and employment dynamics over this period. Second,

the gap in refinancing does not begin to decline until aggregate refinancing volume declines
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(see Figure I), suggesting it may have evolved from a way to manage credit risk to a way of
managing capacity constraints.

This specification recovers the average effect of being above the CLL relative to the
average borrower below the CLL. However, it may be the case that I am inadvertently picking
up some latent difference in refinancing demand that is correlated with the size of the loan.
To check for this I allow the relationship between the limit difference and refinancing to vary
non-parametrically and interacting a “Post” indicator with a full set of indicators for the

difference between the loan size and the conforming loan limit

Refinance; = a+ X}y + Z(ﬁljlj(Lit —Ly)) + Z(ng 1;(Li — Lit) - Posty) + €, (2)
J J
where 1;(Li; — L;) is an indicator for whether or not the difference between the loan and
the conforming loan limit falls in the interval j and with the full set of controls.

Figure IIT plots these estimates with 95% confidence intervals. I restrict the post coef-
ficients to cover the period from March 2020 to April 2021, before the effect on refinancing
begins to decline. The bin covering the limit is held out as the reference category, so all
estimates are relative to being at the conforming loan limit. The first conclusion from this
figure is that both before and after the onset of the pandemic, refinancing rates to the left
of the conforming loan limit are essentially identical to the rates at the limit itself. This
shows that there is unlikely to be any correlation between the demand for refinancing and
distance from the limit. Second, the estimates for bins above the CLL before the pandemic
are essentially identical to those below the limit. This is again consistent with there being no
important latent factor correlated with the relative loan size. Finally, after the onset of the
pandemic, relative refinancing rates begin to decline sharply once the loan size passes the
conforming loan limit. For borrowers in the bin closest to the CLL the decline is only about
50 basis points, but as borrowers move further from the CLL the decline becomes larger,

eventually peaking at lower refinancing rates of 150 basis points. The shape of this effect
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is consistent with the change in refinancing being caused by a relative contraction in credit
supply of jumbo loans, which meant borrowers very near to the limit are less constrained
than borrowers further above the limit who must pay down a much larger amount on their

loan to qualify for a conforming refinance.
Debt

The results above show that tight credit supply in the jumbo market had an economically
significant effect on the likelihood a jumbo borrower could refinance. In addition to this
extensive margin, tight credit supply can also affect the intensive margin, or the actual
change in amount borrowed for refinancing borrowers. When refinancing a borrower may
decide to keep their leverage unchanged and only change the rate, or they may change the
rate and borrow more or less. I now turn to quantifying the effect of tight credit supply in
the jumbo market on the borrowing decision of borrowers that actually refinanced.'®

For this analysis I use the subsection of borrowers for whom I can observe the new loan
after the refinancing event. This is a much smaller sample since not all refinancers will have
their new loan end up at a servicer in the pool of servicers that supply data. However, this
sample has the significant advantage of allowing me to combine the change in leverage with
the rate actually paid on the new debt.

I estimate a similar model to the time-varying model, equation (3), except now the out-
come is the change in debt among borrowers refinancing loans.' Specifically, I compare the
change in debt across loans for borrowers refinancing jumbo loans to borrowers refinancing

conforming loans:

%NADy = a+ 6 + X,y + Z Bt - AboveLimit; + €. (3)
t

18Borrowers unable to refinance may also be change how much they borrow by paying more or less each
month, but this appears to be unimportant in practice.

19The change in mortgage debt is calculated using the sum of first and junior lien mortgage debts before
and after the refinancing event.
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The identification assumption here is essentially identical to those in the models of the
probability of refinancing. Here I must assume that the demand for debt conditional on
successfully refinancing follows parallel trends for jumbo and conforming borrowers. This
assumption would be violated if, conditional on refinancing, jumbo borrowers happened to
have different demand for debt than borrowers in the conforming market. Importantly, it
is not a violation of the identification assumption if tight credit supply results in potential
refinancers that would have taken out more debt being denied loans. Instead, this would be
evidence of differential supply conditions selecting out specific kinds of borrowers the exact
mechanism of interest.

The fact that monthly movements in refinancing rates are so similar for both jumbo
and conforming borrowers (Figure I) is evidence that jumbo refinancing is being driven by
demand shocks that parallel those in the conforming market. Since jumbo refinancing rates
behave so much like conforming market rates, it is reasonable to assume that actual demand
for debt conditional on refinancing is also moving similarly (conditional on differences in
interest rates faced by borrowers, which is a supply-shift I address later). To further guard
against this concern, I include a full set of controls for the characteristics of the new loan
and borrower: interactions of fixed effects for the risk score and LTV on the new loan
also interacted with a jumbo indicator, and the interaction of the distance from the CLL
interacted with whether or not the borrower’s original loan was above the CLL. This last
control is meant to capture any differential demand for leverage correlated with distance to
the conforming loan limit, such as jumbo borrowers close to the limit being more likely to
pay down their loan in order to qualify for a conforming loan. Finally, I include monthly and
county fixed effects, dropping zipcode fixed effects due to the significantly smaller sample
size.

Figure IV Panel A plots the estimated effects along with 95% confidence intervals from
standard errors clustered by bins of distance to the CLL. Leading up to the pandemic,

changes in debt for conforming and jumbo borrowers are statistically indistinguishable with
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point estimates mostly clustered around zero. Almost immediately in February 2020, jumbo
borrowers that refinance borrow significantly less than conforming borrowers that refinance.
From February 2020 to July 2021 jumbo refinancers take out five to six percent less debt
when they refinance, an economically significant decline considering that the average change
in debt in a refinance is about five percent.?’ This decline is also essentially constant through
the sample window, in contrast to the extensive margin effect which both changed more and
disappeared by late 2021. These estimates show that tight credit supply not only reduced
total refinancing by jumbo borrowers, but that it also significantly reduced borrowing by

jumbo borrowers who did successfully refinance.
Rate Premium

One potential explanation for why jumbo borrower refinancing and borrowing might have
declined so significantly is because the increased risk to lenders and reduced capacity re-
sulted in jumbo loans being priced at very high rates. In this section I provide estimates
of the interest rate premium faced by jumbo borrowers due to tighter supply constraints.
Fuster et al. (2021) use offer rates by lenders to estimate a peak jumbo premium of about 50
basis points, which would be about half of the average change in rates for borrowers that did
refinance (see Table I). One concern about this estimate is that these posted rates do not
necessarily need to translate into originated loan rates if there is sufficient dispersion and
borrowers search or negotiate for cheaper rates (Bhutta et al., 2020). Moreover, their esti-
mated premium had largely disappeared by January 2021, so it cannot explain the tightness
in the market observed beyond that point.

A simple way to estimate the jumbo premium paid by borrowers is simply to compare
rates on newly originated jumbo loans to rates on newly originated conforming loans, holding
constant important dimensions that are priced such as risk score and LTV. To implement

this I pull all of the refinance loans originated within $150,000 of the CLL and estimate

20The shorter window of observation for this subsample is due to the rolling nature of the merging process
and the unavailability of enough loans merged to the more recent months.
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a simple difference-in-differences model for the time-varying premium of refinancing in the

jumbo market:
Tit =+ (515 + Xl/t’)/ + Z BOt : AboveLimz’tit + Z ﬁlt . AboveLimitn + €. (4)
t t

In addition to the full set of interactions between risk score and LTV, I also interact a
jumbo indicator and an indicator if a loan is a cash-out refinance and jumbo interacted with
property-type fixed effects, in addition to county-level fixed effects.

These estimates are plotted as the red line, along with 95% confidence intervals, in
Figure IV Panel B. Consistent with Fuster et al. (2021), there was a slight discount on
jumbo loans in some of the months leading up to the pandemic, although this was generally
zero in the months immediately preceding the pandemic. After the onset of the pandemic,
jumbo borrowers started to pay a modest premium, initially just about 10 basis points. This
climbed to 20 basis points by late 2020 but then declined again to about 10 basis points in
mid- to late- 2021. These estimates are smaller and have different dynamics than those in
Fuster et al. (2021), which spike immediately and then gradually decay. This might be due
to differences in the sample of lenders as well as borrower search leading to lower contracted
rates than the posted rates.

This premium may overstate the actual premium paid by borrowers refinancing jumbo
loans because a significant fraction of jumbo borrowers will refinance into conforming loan
to avoid any jumbo market premium. Therefore, I use the sample of borrowers that have
been matched across loans after refinancing to estimate the actual premium they faced on
their new loan. This also allows me to match the premium borrowers paid to their change
in debt, which I exploit later to directly estimate the semi-elasticity of debt.

I estimate the same model (4), with identical controls to maintain comparability. The
estimates are reported in the blue line of the second panel of Figure IV. The smaller sample

size leads to much wider confidence intervals, but the overall trend is quite similar to the
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origination sample. The point estimates suggest the actual rates paid by borrowers refinanc-
ing jumbo loans tend to be lower than the rates on jumbo loans themselves, consistent with
some fraction of jumbo borrowers refinancing into the conforming market. The premium
faced by these borrowers ranges from zero in the early part of the pandemic, suggesting
borrowers simply did not refinance much or searched effectively at the moments when the
posted premia found by Fuster et al. (2021) were at their peak, to about 20 basis points in
mid-2020. The premium again effectively disappears by mid-2021.

These results suggest that tight credit supply did result in a higher cost of borrowing
for jumbo borrowers, but this cost was ultimately quite modest. This small price effect
likely reflects some selection: the borrowers facing the highest cost of borrowing may have
elected to not refinance at all given the upfront costs and time required. In order to properly
quantify the size of this price effect and the impact it had on quantities it is necessary to

combine the prices paid with the actual changes in leverage.
Semi-elasticity of Debt

In this section I take advantage of observing both prices and quantities of debt in the
sample of refinancers that are matched across loans to directly estimate the semi-elasticity
of mortgage debt to interest rates. I estimate an instrumental variable system of equations
of the effect of interest rates on the change in debt, where I instrument for the new interest

rate with exposure to the jumbo market after the onset of the pandemic. Specifically, the

model is:
First Stage: rie = Kk + 0y + X, p + 00 - AboveLimit; + oy - AboveLimit; x Post; + (j
(5)
Second Stage: %AD; = a+ 0; + X[,y + Bo - AboveLimit; + By - Ty + €5 (6)
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In addition to the relevance assumption, which has already been satisfied given the observed
effects on interest rates, the same identification assumptions apply to this model as applied
to the difference-in-differences models above. However, there is an additional exclusion
restriction needed in order for the estimate of 3; to recover the interest rate semi-elasticity
of debt: there cannot be any non-price changes in jumbo credit supply that also affect changes
in debt. For example, if lenders applied more stringent underwriting standards to jumbo
borrowers, then (; will be over-estimated. If lenders do not adjust non-price mechanisms
and only rely on prices, then this restriction will hold. I discuss this further below.

Columns (1)-(3) of Table II report the first stage, reduced form, and IV estimates of
model (6). I include the same host of controls as in the price regressions above and cluster
the standard errors similarly. Column (1) estimates the first stage and shows that, on
average, borrowers refinancing jumbo loans paid a premium of 14 basis points. Column (2)
estimates the reduced form and shows that jumbo refinancers borrowed 4 percent less than
those refinancing conforming loans after the onset of the pandemic. Column (3) estimates
the IV model and recovers a semi-elasticity of -0.29, or for every 100 basis point increase in
the interest rate borrowers will reduce their debt by 29 percent. The most closely related
estimates of the semi-elasticity are from DeFusco and Paciorek (2017) who also use the
difference between the jumbo and conforming markets. They estimate a range from -0.015
to -0.05, with preferred estimates ranging from -0.02 to -0.03. Therefore, the estimate of
-0.29 is an order of magnitude larger than prior estimates.

The most likely reason for this implausibly large estimate is a violation of the exclusion
restriction that there are no other non-price changes in the supply of jumbo credit that
also affect leverage. Lenders may have changed underwriting standards, documentation
requirements, and even the product space itself for jumbo borrowers at the same time that
they charged jumbo borrowers an interest rate premium. These kinds of changes would bias
the estimate of the semi-elasticity upwards.

In fact, column (4) gives clear evidence of a non-price shift in credit supply that could
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directly affect how much refinancers could borrow. In column (4) I estimate the same
difference-in-differences model as in columns (1) and (2), but now the outcome is an indicator
for whether or not a borrower took out a cash-out refinance when they refinanced. I estimate
that jumbo refinancers saw a relative decline of almost 13 percentage points in the probability
of taking out a cash-out loan. This is economically very large considering it is almost 50
percent of pre-pandemic levels.

Given this large shift in the probability of extracting equity, it may make sense to
re-estimate the semi-elasticity holding fixed this margin of adjustment. Specifically, I re-
estimate these same IV regressions separately within the sets of borrowers taking out rate
refinances and cash-out refinances. In this way, I hold the reduction in access to cash-out
refinances fixed. The resulting estimate may still overestimate the effect of prices if other
non-price mechanisms are adjusting within the space of rate or cash-out refinances, but it
will at least shut down the shift out of cash-out refinances.

Columns (5)-(7) of Table II report these estimates for rate refinances and columns (8)-
(10) report the estimates for cash-out refinances. The premium for rate refinances is still
modest, about 12 basis points, but now the decline in debt has fallen considerably to minus
one percent. The new estimate of the semi-elasticity is much lower at about -0.07, well within
the range of plausible estimates. Similarly, cash-out refinances faced a higher premium of
about 24 basis points and saw a larger decline in leverage of about 1.4 percent, although
not statistically distinguishable from zero. Together, these give a semi-elasticity estimate of
-0.068, not precisely estimated but well within the range of plausible estimates.

An important robustness concern is that both borrowers above and below the CLL will
have their leverage decisions affected by tightness in the jumbo market. For example, con-
forming refinancers will be less willing to take out a cash-out refinance if it means entering
the jumbo market and paying a higher premium. This kind of mechanism would likely lead
me to understate the true effects since the control group is also being treated, albeit to a

lesser extent. To address this concern I run a “donut” specification where I drop all bor-
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rowers who refinanced loans within $50,000 of the CLL on either side. While this still may
allow some pollution of the control group, it should reduce its importance.

Table IIT reports these estimates and does show that some contamination of the control
group may have been attenuating my estimates. While the estimated semi-elasticities within
the refinance categories are broadly similar, the effect on access to cash-out refinances in
column (4) is much larger, now giving an effect of about 19 percentage points.

Together these estimates show that, holding fixed one potentially major shift in non-
price features of the jumbo credit market, I recover independent estimates of the interest
rate semi-elasticity of debt that are similar to those in the literature. This is despite the
very substantial differences in identification, estimators, and sources of variation. However,
these results also show that there was a large move in a non-price mechanism, the supply
of cash-out refinances and that this may have had important effects on leverage. A central
question, then, is how much of the decline in leverage can be attributed to the price effect
and the subsequent decline in demand for debt relative to the dramtic decline in cash-out

refinances.

3.B Decomposition and Discussion

I next report linear decompositions of the effect on leverage into price and non-price ef-
fects. The intuition of the decomposition is quite straightforward, although it does require
some structural assumptions. The full derivation is given in Appendix 1.A. Basically, the
difference-in-difference estimate can be split into three separate effects: the price effect on
leverage in rate refinances, the price effect on leverage in cash-out refinances, and the non-
price effect on leverage of pushing cash-out refinances into rate refinances. All of the inputs
to this calculation are either estimated in the causal regressions or can be estimated directly
from the sample.

Table TV reports two decompositions of the total quantity decline into price and non-

price effects. each using a set of estimates from Table II and Table III. The first panel gives

27



the parameters used to calculate the decomposition and the second panel gives the results,
with the bottom two rows summarizing the total price and non-price effects. One thing
to note is that this decomposition does not mechanically allocate the total effect into the
three channels so that the sum of the effects may not explain much of the total estimated
decline in leverage. However, each decompositions explains about 80 percent of the total
decline in leverage, suggesting that omitted factors are relatively unimportant.?! In both
samples, the non-price effect is at least twice as large as the price effect. Broadly, the price
premia on their explain a 1-1.5 percentage point decline in borrowing, while non-price effects
explain 2-3 percentage points of decline. The non-price mechanism was the primary way
that the shift in credit supply affected how much refinancers in the jumbo market changed
their borrowing.

Credit rationing by lenders was so important that if an observer simply examined the
spread between jumbo and conforming loans to gauge credit conditions in the jumbo market
they would seriously underestimate both the change and dynamics of credit supply to jumbo
borrowers. But standard models of rationing struggle to explain why lenders relied on
rationing more than on prices to respond to the change in conditions. These models (Stiglitz
and Weiss, 1981; Jaffee and Stiglitz, 1990) presuppose that there is a tight link between
the price and profitability of lending such that at some point any further increase in the
price will turn the net return on lending negative. But it is difficult to square this kind of
mechanism with the mortgage market in which there is well-documented price dispersion
(Bhutta et al., 2020; Woodward and Hall, 2012), significant volatility in prices across time,
and where default is very costly for borrowers so that strategic default is generally rare
(Ganong and Noel, 2020). Therefore, I next develop a simple framework which I can use to

begin understanding how lenders use both prices and rationing and how they interact.

21These factors would include non-price effects on leverage within rate refinances and cash-out refinances
and price effects moving borrowers between cash-out and rate refinances.
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4 A MODEL OF CREDIT RATIONING

In this section I lay out a novel and tractable model that rationalizes the use of both prices
and non-price mechanisms or rationing. The basic problem is that of a monopolistic lender
who chooses the interest rate while facing a downward-sloping demand curve. But I also
allow the lender to set a “quantity constraint”, which limits the actual quantity of lending. I
assume that lenders face uncertainty about how much demand they will face and the ultimate
profitability of the loans they originate. So ex ante lenders must decide on a price to post
and where they want to set a limit, if at all, on how many loans to originate at that price.

The important question is what features of the problem will cause lenders to set a binding
quantity constraint. In a standard setting and absent asymmetric information problems,
lenders will never use any kind of quantity constraint. They will simply set the optimizing
price as long as it is profitable to operate or they will shut down if it is not profitable to
operate. This will be true even if they face uncertainty about defaults since default risk is
factored into the pricing decision. An important contribution of the framework I develop
below is to identify several realistic elements that together generate the use of quantity
constraints as functions of primitives.

First, I assume that lenders cannot perfectly condition their price schedule on realized
demand. So lenders face some uncertainty about demand in the future and some friction
that prevents them from specifying a complete schedule of demand-contingent interest rates.
This is consistent both with how lenders actually set interest rates, notions of bounded ratio-
nality (Mackowiak, Matéjka and Wiederholt, 2023), and broader understanding of nominal
rigidity (Blinder, Canetti, Lebow and Rudd, 1998). Second, I assume lenders do not per-
fectly know the future so that they cannot condition their rate schedule on realized defaults.
While lenders will have perfectly rational default expectations, they cannot know the ac-
tual default rate that will be realized at the time when they originate the loans. Finally,

I assume that lenders have objective functions with risk aversion so lenders value marginal
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profits more when profits are low than when profits are high. This would be consistent with
risk management practices at financial institutions like banks (for example, VAR models or
capital requirements) or the incentives of executives and managers to avoid states of the
world with large losses that result in their being fired.??

It is useful to highlight the ways in which this framework is distinct from classical credit
rationing models and other related frameworks. While rationing frameworks differ, they
generally emphasize that rationing occurs because of critical information frictions in credit
markets that generate problems of adverse selection or moral hazard such that prices have
perverse effects or are insufficiently powerful (Baltensperger and Devinney, 1985; Devinney,
2012; Jaffee and Stiglitz, 1990). In my framework information is still incomplete, but there is
no information asymmetry between borrowers and lenders and there is no connection between
the price and moral hazard. A separate line of work has focused on when regulators or firms
would prefer to choose the price or the quantity in situations where these have distinct effects
(Weitzman, 1974; Flynn et al., 2023). One critical distinction between my framework and
these papers is that lenders (firms) in my setting set both prices and a quantity constraint,
so if the lender engages in rationing they are still determining the price at the same time.

I now turn to showing how these assumptions generate the use of quantity constraints

and that they can radically change the relationship between default risk and prices.

4.A Lender Problem and Solutions

Each period the lender faces a static problem of setting a price r and quantity constraint
L. Ex ante, the lender knows that there are three possible states of the world: a “normal”
state without default, a high demand state without default, and a high demand state with

default. Critically, the lender is constrained by technology or costs so that they can only set

220f course, managers may be too risk-loving because of perverse incentives in the principal-agent problem.
All that matters here is that institutions generally prefer avoiding really bad states of the world more than
they enjoy really good states.
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a single price and quantity constraint across all three states before they are realized.?® If the
quantity constraint is set below the realized level of demand, then the realized quantity of
lending is equal to the quantity constraint and the excess demand is rationed. Importantly,
the demand shock is inelastic with respect to the price, so the lender has only limited control
on the realized level of demand.

Every loan originated comes at a cost ¢ and if there is default the fraction that is recovered
net of default in expected present value is . When we consider an increase in default rates
this means that the lender sees a decline in the recovery rate 6. The lender faces the demand
function L(r) plus demand shocks € in the high-demand states. Finally, the lender values
profits and losses according to function V', which is increasing in its argument and concave.
For simplicity, I assume it is negative for negative profits and positive for positive profits.?*

Each state has a probability 7; that is known to the lender. The lender’s problem is then

V = maxmV(min{L(r), L}(r—c))+mV (min{ L(r)+e, L}(r—c))+m3V (min{ L(r)+¢, L} (rd—c))
r,L
(7)
Because of the min operator I cannot differentiate this expression, but I can characterize the

solutions by breaking it into three cases.

Case 1: The quantity constraint is not binding (L > L(r)+¢ > L(r)). Assume that
the quantity constraint is not binding. If the quantity constraint is not binding then I can
replace the minimum function in the objective with the realized levels of demand so that the

objective becomes:

Y = max mV(L(r)(r —¢)) + mV((L(r) + €)(r —¢)) + msV((L(r) + €)(rd —¢)). (8)

23In reality there can be many states of the world and the lender may have the ability to set fairly
sophisticated price schedules. The important point is that the lender cannot perfectly condition the price
schedule on all possible states of realized demand.

24Note that the threshold of zero for when the valuation of profits turns from positive to negative is just
a normalization. Valuations of profits could turn negative at profit levels above zero if they are insufficient
to meet necessary thresholds such as an internal cost of capital. What is important is that lenders would
prefer, ex post, to do no lending in some states of the world.
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The first order condition with respect to r then pins down the optimal price r*. We can
check when this is actually the solution by asking if the lender can improve on this allocation
by setting a binding quantity constraint L < L(r*) +¢. The answer is trivially no so long as
the lender earns a positive profit in every state of the world, or r*9 — ¢ > 0. If the lender is
making positive profits in every state then their welfare is strictly increasing in the quantity
of loans originated since we assumed that V' is positive for any positive level of profits and
negative for any negative level of profits. The lender will simply set the optimal price and
originate as many loans as they can at that price.

There are still scenarios when the lender will not wish to set a quantity constraint even
if the lender suffers losses. To see this, assume the lender takes losses in the third state but
earns profits in the other states (" — ¢ < 0 < 7* — ¢). Now assume the lender sets the
quantity constraint so that it is not binding at L = L(r) + € but considers reducing it below
this level. The change in the lender’s objective function is given as the following, where 9L _

indicates the partial derivative with respect to a reduction in the quantity constraint

8_]/ o 8V(L(£ —0)) o 8V(L(7°_(5 —0)) ‘
OL_ OL_ OL_
N——— N ~ )
<0 >0

Notice that the first derivative is less than zero because the lender is reducing profitable
lending, but the second derivative is greater than zero as the lender is reducing unprofitable
lending. So the quantity constraint will reduce the lender’s welfare so long as the expected
marginal gain from lending in state 2 is larger than the expected marginal gain from not

lending in state 3:

— <0 <= —m — > T3 — . (9)

This is the central trade-off determining the use of quantity constraints. How much worse is

it for the lender to do too much business in the bad states of the world relative to giving up
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business in good states of the world? We can also see that if the lender makes profits in every
state then the second derivative will also be negative and it will never be welfare-improving
for the lender to impose a quantity constraint.

So long as (9) holds, the lender will not use quantity constraints and we can differentiate
(8) with respect to the price to solve for the equilibrium price. Let n = L'r/L be the price
elasticity of demand and V' be the derivative of the value function in state ¢, then the optimal

price is

(10)

Ui

. m Vi + mVy + msVio . 1 N moVy + m3Vis e 1\ '
m V] + mVy + ms Vi L(r*) n )

r=c
m V] + mVy + msVy

This is an intuitive transformation of the standard monopolist’s solution. Notice that if
there is no default (6 = 1) and there is no uncertainty about demand (e = 0) then this
simply collapses to the standard monopolist’s markup over cost. However, if demand shocks
are non-zero then the lender will take into account the value of lending in all states net of
expected default relative to the value of the guaranteed cost across all states.

Interestingly, when default is non-zero (6 < 1) there are actually competing effects on
the price. As default increases (0 declines) the first term gets smaller, which increases the
markup. This captures the typical mechanism that as the lender’s expected costs go up
they pass these through to the borrower. However, the second term is negative (remember
that 7 < 0), so as § declines this negative term gets smaller in absolute value. This reduces
the size of the markup. This captures a substitution effect between the elastic and inelastic
demand. If defaults are high, then the net profits realized from inelastic demand are relatively
low. This increases the relative importance of elastic demand, so the lender trims the extra
markup they were extracting from inelastic borrowers in order to bring in more elastic
demand. Which effect dominates depends on the expected marginal valuations, the level
of defaults, and the levels of elastic and inelastic demand. Intuitively, the assumption that

demand is not perfectly controlled by the price means there is a chance the lender can extract
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some extra margin from inelastic borrowers, which factors into their pricing decision.

Case 2: The quantity constraint is binding in states 2 and 3 above the level of

elastic demand (L(r) +¢ > L > L(r)). In this scenario the objective function is given as

max m V(L(r)(r — ¢)) + mV (L(r — ¢)) + m3V(L(rd — c)). (11)

r,L

We can take first order conditions with respect to both the price and the quantity constraint
to pin down the optimal choices. Given an optimal price, the optimal quantity constraint
L" is chosen so that the expected benefit of cutting losses in state 3 is equal to the expected

cost of cutting profitable loans in state 2

VI =) W3(‘3V(Z*(i*(5 —9) 12)
oL oL

Without specifying the functional form for the lender’s value function we cannot get a
closed form solution for the quantity constraint. But intuitively, if defaults get worse then
the quantity constraint will have to fall (OL/36 > 0) in order to maintain the equality since
reducing lending volume improves value in the default state. Of course, this will also reduce
the value in the good state, but the stronger curvature in the bad state means the reduction
in volume in the bad state more than makes up for the reduction in profitable lending in the
good state.

Assume we have a solution from (12), then we can differentiate (11) to solve for the

— -1

1 7T2‘/2/ + 7T3Vg5 L 1
r*=c|l+—-+ - . 13
( U ( mVi L0 ) (12)

Notice that if we hold the quantity constraint fixed, then increases in default (declines in ¢)

optimal price

always lower the lender’s price. This is because prices are only affecting demand in the state

of the world without default. So as the lender receives less inelastic demand due to higher
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defaults, they will lower the price to recoup more demand in the non-defaulting, elastic
demand state of the world. Notice that increases in default now have zero cost-push effect
on the price. This is because the use of the quantity constraint has turned all borrowers in
the high-demand states into totally inelastic borrowers, so the lender will extract as much
markup as possible while taking into account the effect of this on elastic demand in the
low-demand state.

This negative relationship between default and prices can become even more stark once
we take the response of the quantity constraint into account. If increases in default induce
a decline in the quantity constraint, then the price will fall even more. Intuitively, setting a
tight quantity constraint concentrates more of the lender’s objective on the states without
default, again encouraging the use of the price to target elastic demand only.?

This case shows that quantity constraints can allow the lender to manage default risks in
such a way that prices no longer increase with default risk. While this is counterintuitive, it
simply reflects the dynamic that binding quantity constraints allow price setters to exploit
inelastic demand, but that the gains to the markups on the inelastic demand must be bal-
anced against the losses in elastic demand. High defaults reduce the benefits of charging high
markups to inelastic borrowers, so lenders reduce prices to draw in more elastic borrowers

and use the quantity constraint to respond to the default risk.

Case 3: The quantity constraint is equal to elastic demand (L(r) + ¢ > L = L(r)).
This will be the case if the lender is always willing to forego loans in the good state of the

world to avoid too many loans in the bad state of the world:

aV(L(i* —0) o 8V(f(7“_*(5 —0)
OL_ OL_ ’

VL > L(r*). (14)

25Similarly, if state one becomes relatively unimportant (or if inelastic demand becomes extremely large,
then the lender’s markup will grow without bound to take advantage of the inelastic demand. Clearly the
scope for literally inelastic demand must be limited in reality.
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The lender is never better off setting a quantity constraint above the level of elastic demand
since the losses from the bad state always outweigh the gains from the good state. We also
know that the lender will never set the constraint below the level of elastic demand since
they could achieve the same quantity at a higher profit just by increasing the price. So the

constraint will be equal to the elastic demand, which gives the following objective:
max m V (L(r)(r —¢)) + mV(L(r)(r — ¢)) + w3V (L(r)(rd — ¢)). (15)

It is straightforward to differentiate this objective and pin down the price. In this case the
lender’s objective has the same value in states 1 and 2, so I simply refer to V/ for the marginal

value of profits in states 1 and 2. The optimal price is then

T3 V3'
L+ (r14m2)V/

C
_omVs 141
I+ommw ) o

(16)

When ¢ is close to one this expression is close to the standard monopolist’s problem. As
defaults increase, the lender charges a higher markup (the term in the parentheses is greater
than one). As with (10), the strength of the channel depends on the weight given to the
default state of the world compared to the non-default states of the world. If the default
state of the world is relatively unimportant in expectation, then changes in default will again
have relatively little impact on prices. However, unlike in (13), the effect of default on the
price is always positive. This is because the lender is no longer taking advantage of inelastic
demand, so as defaults drive down profits there is no longer any room to generate more elastic
demand. Instead, demand in all states of the world is price sensitive and the lender simply
treats expected defaults as an additional cost that must be marked up. The lender always
sets the quantity constraint equal to their expected elastic demand since excess demand in
the bad state of the world is always worse than any additional demand in the non-defaulting

state of the world.
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These three cases each imply different relationships between default and prices: first,
prices are increasing but relatively insensitive to expected defaults (case 1), second, prices
are decreasing with default (case 2), and third, prices are increasing but relatively sensitive
to default (case 3). For the same lender, different levels of default may actually imply a
solution from a different case, so that the relationship between prices and default risk may

actually be non-monotonic.

4.B Discussion

To illustrate the potential behavior of prices and quantities, I calibrate this model and plot
the optimal price and quantity constraint as a function of 4.2 This calibration is not meant
to quantitatively match empirical moments, but to demonstrate the ways that prices and
quantities can respond to changes in expected default in this kind of problem.

Figure V presents the solutions to this model as default varies from no default (§ = 1)
to total default (6§ = 0). Panel A shows the change in the interest rate or price relative
to the price when default is zero. Moving from right to left the lender initially uses (10)
to set prices so that there is no quantity constraint and prices increase as default increases
with lenders charging a higher markup to recoup expected losses. However, at some point it
becomes useful to impose a binding quantity constraint in the high demand states and the
lender shifts to setting the quantity constraint according to (12) and prices according to (13).
There is then a sharp reduction in the price as default increases. In this regime the lender
cuts the price to generate more demand from elastic borrowers to compensate for the reduced
revenue from the defaulting quantity-constrained borrowers. Then the regime changes again
and price again increases as default increases. Panel B shows the relative decline in effective
demand (net of the quantity constraint) as a function of expected default. The increases
in price reduce demand smoothly until the shift to the second case, at which point demand

from elastic borrowers sharply increases with the reduced price while the quantity constraints

26Specifically, I assume the lender values profits with a log function, that they have a base level of profit
equal to 2, that L(r) =5(r)?, e=1, m = .9, m = 3 = .05, and ¢ = 1.
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sharply reduce the effective demand of borrowers in the high-demand states.

Panel C plots the ratio of the quantity constraint to notional demand so that a ratio less
than one means the notional demand is being constrained. We can see that the quantity
constraint is undetermined for much of the space since the lender simply prefers to set a
price. Then the lender shifts to the second solution case and begins constraining notional
demand in the high-demand state. Finally, the lender sets the quantity constraint to be
equal to the elastic demand in case 3. Finally, Panel D examines only the high-demand
states and calculates the total change in effective demand relative to the level of effective
demand when default is zero caused by the rationing (quantity constraint) and change in
prices. For much of the increase in default the lender only uses prices to respond so that
prices account for all of the decline. But then the lender begins using quantity constraints,
which quickly causes larger declines in quantities and which are accompanied by a reversal
in the effects of prices. So the role of prices relative to rationing depends critically on the
size of the shock as well as other important parameters in the lender’s problem.

The solutions to this simple problem have two important features. First, within a specific
case, the primitives can weaken or strengthen the link between default risk and the price
since the lender is also considering the pricing trade-off between elastic demand and inelastic
demand from quantity constrained borrowers. Broadly, this mechanism emphasizes the fact
that when some borrowers are rationed that gives the lender additional pricing power, which
may apply to other settings where price-setters face demand uncertainty. In (13) this means
that price is negatively correlated with increases in expected defaults. While this may be
seem unusual, it highlights how fundamentally the dynamics of prices and risk can change
when lenders have the ability to ration borrowers. Second, changes in default risk can shift
the objective so that there is a shift in which case pins down the solution, so that prices
and quantities can change in discrete and non-monotonic ways. For example, a lender can
go from case 1 to case 3, which are both regimes where increases in default increase the

price. But in case 3 the lender cannot exploit any inelastic demand, so the overall markup
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can actually be lower than in case 1, even though the quantity restriction has become more
binding and expected default is higher.

While the model would need more realistic features in order to be taken to the data seri-
ously, the underlying assumptions that generate this behavior are quite simple and realistic.
So long as lenders have uncertainty about demand, cannot perfectly condition prices on the
state of demand, and would prefer to lend less when they might generate losses, then lenders
may be willing to use both quantity constraints and prices together. This framework demon-
strates how both of these instruments can be pinned down, thus providing a foundation for

future possible quantitative applications to characterize rationing.

5 CONCLUSION

Higher interest rates caused by tight credit supply played a relatively small role in driving
the large decline in borrowing by jumbo refinancers. Instead, it was a shift in rationing of
access to cash-out refinancing that drove the majority of the decline in borrowing. The shift
was sharp, likely reflecting initial worries about credit risk, and persistent. Together, these
results suggest rationing is a central way that lenders respond to shocks in credit market
environments. If the use of non-price mechanisms is a broader feature of credit markets in
general, it has important implications for how to accurately characterize credit markets. For
example, credit spreads may be not only insufficient, but may even be negatively correlated
with the tightness in credit conditions if lenders are relying on rationing. Additionally, it
suggests the important question of why lenders do not rely more on price mechanisms. While
there are well-known theoretical explanations like adverse selection, there is no empirical ev-
idence that these frictions explain the results documented here. The simple framework I
propose is based on the basic problem of avoiding losses when confronted with uncertain
demand and an inability to construct a completely contingent pricing schedule. This frame-
work can generate the basic qualitative patterns in the data, but it remains for future work

to determine if more stringent quantitative tests bear out the basic premises.
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B. Non-Parametric Effects

FIGURE I
Non-parametric and Monthly Averages of the Effect of the
Conforming Loan Limit

NoOTE.—The top figure plots the average refinancing rates by month for loans above and below the conform-
ing loan limits. The bottom figure plots the average refinancing rate within bins of the difference between
loan size and the conforming loan limit for various periods. Loans within $1,000 of the CLL are dropped.
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B. Mortgage Inquiries

FIGURE II
Non-parametric Averages of the Effect of the Conforming Loan Limit
on Refinancing Demand
NoTE.—The top figure plots the average rate gap, defined as the difference between the borrower’s current
rate and the average rate on new 30-year fixed rate loans, within bins of the difference between loan size
and the conforming loan limit for various periods. The bottom figure plots the number of mortgage inquiries

within bins of the difference between loan size and the conforming loan limit for various periods. Loans
within $1,000 of the CLL are dropped.
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B. Non-Parametric Effects

FIGURE III
Monthly and Non-parametric Estimates of the Effect of the Conforming Loan
Limit
NoTeE.—This figure plots the estimates from two models of the effects of the conforming loan limit on
borrower refinancing probabilities.
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Leverage and rate effects

NoTE.—This figure plots the estimates from two models of the effects of the conforming loan limit on
borrower refinancing probabilities.

47



112 ‘ ‘ ‘ ‘ 1

=3

®
T
o
®

1.06

Relative Price
Relative Demand
o
~

1.04 + 06

1.02 4 05

pr— )

s i { L(7) + €, L}
. ‘ ‘ ‘ ‘ 04 ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
s B
A. Price B. Rate effects
77777777777777 0.5 T T T T
s Due to Rationing
045 - Due to Prices -
0.4 - 1
E 0.35 - 1
]
E S o3t
%] =z
£ 12025 -
= 2
g 18 o2t
(] o
2015 |
0.8 15
8 o1f
| —TI/L(r) |
06 — /() + ) 0.05 \/
L undetermined
04 ‘ ‘ ‘ ‘ 0 ‘
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
5 B
C. Quantity Constraint D. Contribution to Decline in
Demand

Prices and Quantities with Rationing

NoTE.—This figure plots changes in prices and quantities for a calibration of the model in Section 4. Panel
A shows the lender’s price relative to the case with no default. Panel B shows the change in elastic demand
relative to the case with no default. Panel C shows the ratio of the quantity constraint to both elastic
demand and elastic demand plus the demand shock. Panel D plots separately the change in originated loans
relative to world with no default due to the quantity constraint and to the price change.
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TABLE I
DESCRIPTIVE STATISTICS

All Loans  Conforming  Jumbo
Panel A. Loan-level Characteristics at Origination
Loan Amount ($1000’s) 393.50 374.25 750.76
(170.88) (143.80) (229.99)
FICO Score 738.59 737.23 763.83
(63.76) (64.51) (40.10)
Loan-to-Value 82.31 82.71 74.95
(30.16) (28.17) (54.87)
Back-End Debt-to-Income 34.41 34.58 32.09
(10.42) (10.49) (9.19)
Interest Rate 4.06 4.06 3.92
(0.61) (0.61) (0.56)
Panel B. New Loan Characteristics
Interest Rate 2.93 2.92 3.03
(0.46) (0.46) (0.45)
Change in Interest Rate —1.16 —1.17 —0.93
(0.55) (0.55) (0.48)
Change in debt (%) 4.94 5.04 2.57
(9.00) (8.98) (9.25)
Percent Cash Out 0.19 0.19 0.13
Change in debt: Cash Out (%)  18.26 18.21 20.22
(13.25) (13.24) (13.32)
Change in debt: Rate (%) 1.77 1.86 —0.10
(2.52) (2.38) (4.15)
Panel C. Loan-month Characteristics
Current Balance ($1000’s) 342.84 324.92 673.79
(146.61) (122.03) (167.38)
Current Loan-to-Value 61.40 61.55 58.75
(31.40) (30.88) (39.60)
Loan Age (Years) 4.13 4.16 3.61
(3.02) (3.04) (2.63)
Distance to CLL 210.98 227.74 93.41
(122.43) (100.75) (71.54)
Probability Refinanced 0.70 0.71 0.60
Number of Loans 2,194,758 2,104,446 90,312
Number of New Loans 133,992 128,657 5,350
Number of Loan-months 65,962,706 63,115,637 2,847,069

NoOTE.—This table reports summary statistics for the base cohort of loans at orig-
ination, for the set of newly originated loans that are matched to refinancing loans,
and for all loan-month observations. Source: Equifax Credit Risks Insight Servicing

McDash and Black Knight McDash Data and author’s calculations.
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TABLE II

RATE AND DEBT EFFECTS

All Rate Refinances Cash Out Refinances
1) ) (3) (4) (5) (6) (7 (8) ) (10)
New Rate %A Debt Semi-elasticity Probability(Cash Out) New Rate %A Debt Semi-elasticity New Rate %A Debt Semi-elasticity
New Rate —0.295*** —0.074%** —0.068
(0.071) (0.028) (0.055)
Above Limit x Post Feb 2020 0.144%*%  —(.042%** —0.130%** 0.122%%*%  —0.009*** 0.241*%*%* —0.017
(0.021)  (0.008) (0.032) (0.028)  (0.002) (0.039)  (0.014)
Above Limit —0.155%** —(0.018* 0.030 —0.124%%%  —(.023%F* —0.276*** —0.019
(0.024)  (0.009) (0.029) (0.032)  (0.005) (0.042)  (0.023)
FICO x LTV x Jumbo FEs X X X X X X X X X X
County FEs X X X X X X X X X X
Month FEs X X X X X X X X X X
Clusters 40 40 40 40 40 40 40 40 40 40
KP F-stat 45.0 19.4 38.7
Number of Observations 48,307 48,307 48,307 48,307 41564 41,564 41,564 6,553 6,553 6,553

1<

NoTE.—This table reports estimates of the effect of the conforming loan limit on prices, Debt, and cash out refinance probabilities. Source: Equifax Credit Risks Insight Servicing McDash and Black Knight
McDash Data and author’s calculations.

TABLE III
RATE AND DEBT EFFECTS: DONUT SPECIFICATION

All Rate Refinances Cash Out Refinances
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
New Rate %A Debt  Semi-elasticity Probability(Cash Out) New Rate %A Debt Semi-elasticity New Rate %A Debt Semi-elasticity
New Rate —0.372%** —0.073%* —0.123%*
(0.078) (0.033) (0.055)
Above Limit x Post Feb 2020 0.161%*¥*  —0.060%** —0.191%** 0.134%%F  —0.010%** 0.279%%*%  —0.034**
(0.027) (0.007) (0.035) (0.038) (0.002) (0.042) (0.015)
Above Limit 0.210%**  —0.034%** 0.020 0.178%FF - (.041%** 0.340%%*% 0.043
(0.036) (0.010) (0.039) (0.043) (0.010) (0.064) (0.034)
FICO x LTV x Jumbo FEs X X X X X X X X X X
County FEs X X X X X X X X X X
Month FEs X X X X X X X X X X
Clusters 30 30 30 30 30 30 30 30 30 30
KP F-stat 35.1 12.2 43.8
Number of Observations 42,398 42,398 42,398 42,398 36,158 36,158 36,158 6,048 6,048 6,048

NOTE.

McDash Data and author’s calculations.

This table reports estimates of the effect of the conforming loan limit on prices, debt, and cash out refinance probabilities. Source: Equifax Credit Risks Insight Servicing McDash and Black Knight



TABLE IV
DECOMPOSITION TABLE

All Loans Donut Sample

Panel A. Parameters for Calculation

od - —0.074 —0.073
Arrate 0.122 0.134
mrate 0.762 0.757
od” —0.068 —0.123
Arcash 0.241 0.279
drote 0.016 0.017
deosh 0.189 0.189
Argrate 0.13 0.191

Panel B. Estimated Effects

Total Effect —0.042 —0.06

Price Effect: Rate Refis —0.007 —0.007
Price Effect: Cash Outs —0.004 —0.008
Total Price Effect —0.011 —0.016
Non-price Effect —0.022 —0.033

NoTE.—This table reports the parameters and calculated effects from the de-
composition of the quantity effect described in Section 3 with details in Ap-
pendix 1.A. Source: Equifax Credit Risks Insight Servicing McDash and Black
Knight McDash Data and author’s calculations.
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1 APPENDIX

1.A Decomposition of the Quantity Effect

I provide a simple framework to derive a linear decomposition of the decline in borrowing
caused by tight credit supply in the jumbo market. This framework allows me to quantify
the relative contribution of the price and non-price effects on the decline in borrowing by
jumbo borrowers using simple moments from the data and the causal estimates provided
above.

Let the average percentage change in borrowing by refinancers in the jumbo market in
period 0 (the pre-period) be given by the following decomposition, where a tilde indicates a
percentage change:

Ci()] _ dvrate(rgzte7 €6ate) . Wrate(\:[foj, eg) + dvcash(,'ﬂgajsh7 egash) . (1 i Tate(\IJOJ, 60)) (17)

The change in debt depends on rates at which new debt is issued (r) and on any demand
shifters € with rate refinances and cash-out refinances eaching being priced separately and
having specific demand shifters. Similarly, 779 is the fraction of borrowers taking out rate
refinances and depends on non-price supply-side factors Wy; and any demand shifts across
products. This specification does impose several important constraints, which I discuss
further below after deriving the approximation.

I then take a linear approximation of the change in average jumbo borrowing between
period 0 and period 1 where A indicates the difference between periods 0 and 1:

adOJ ad~0J ad~0J
d ~ d — Ar rate A cash AT
1J 0J + a rate 8r§“5h Ty + a\I[J J
8d0J rate aJOJ cash aJOJ T
aerate aecash Ae + aew Ae

This expression can be simplified by noting that the derivative of the percentage change in
debt is just the derivative of the demand for new debt, which is expressed in logs as dj;.
This is because the old loan is fixed and so does not vary with the new rate: 7

7 ratex
Odoy _O(dpd™ —dog) ase
argate ~ arrate J
rate*
ad rate
~ rate J
or’y

Accordingly, the decomposition simplifies to the following after plugging in the definition of

2"The approximation here is due to the differences between the log difference and the percentage change.
I use the log differences here for simplicity of exposition.
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the average change

dyy — CZOJ ~ 7(3“%;* SateA rate + 9 CL:::Z (1 o 7_[.r‘ate)Arcash aﬂ- (dTate J3a3h>Aq]J+
or’ or OWoy
Odo.s Odo.s Odo.s
A rate % Ae cash 0T AET
Oerate € a cash aeﬂ' €

This expression gives the change in jumbo refinancer borrowing between the periods as
a linear function of supply-side shifts in price and non-price mechanisms in the first line
plus a host of demand-side shifters in the second line. An analogous expression can be
derived for conforming borrowers, which allows me to give an expression for the difference-
in-differences estimator. For simplicity of exposition, I normalize supply-side shifts in the
conforming market to be zero. This is innocuous since in practice I estimate the relative
shift. The identification assumption of the DiD estimator is that demand shifters will cancel
out between the jumbo and conforming markets, so we are left with the following:

ratex cash*
Odre od

DD = JIJ - JOJ — (Czlc — Joc) %—a rale W;ateATSate + —a ?:L{zsh (1 - W;ate)AT?]a‘gh—i—
T'J TJ
omos , =~ ~
8\1[(;:]] (dsate . di:]ash)A\IJJ_’_
Odo, Odo, Odo,
A rate A cash Ae™—
derate o Qecash <7 De™ ‘
ddoc: e . Odoc n - Odoc
rate Aeces Ae™
<a€r(zte 8€ca8h € + @EW € )
=
~ ~ - . adTate* a cash*
diy — doy — (dic — doc) ~ B 0T qlate ApHte 4 5 0 (1 — al ™) Arghy
Ty Ty
b1 = 87’(’0]
drate o dcash AV ;.
( J J )a\lfoj J
adTCLte* . adcash*
e eArrate + (1 . 7T_1'(11%«3)A7,cash
rate N J J cas
-~ oret Oreash

(dgate dcash) Aﬂ_rate

The second to last line substitutes An’%¢ = gg—%JJA\If s since the underlying shift in non-price

mechanisms is only observable through (and equivalent to) the change in probabilities.
This last line allows me to decompose the recovered difference-in-differences estimate into
the price and non-price effects using the estimated semi-elasticities, estimated price premia,
and shift in cash out probabilities from Table II or Table III. T also need the average pre-
pandemic changes in debt for jumbo rate and cash-out refinances and the fraction of rate
refinances pre-pandemic.
This framework has several important assumptions embedded in it. First, I assume prices
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have no effect on the likelihood of taking out a cash-out loan relative to a rate refinance.
In principle, there could be some elasticity of demand that would generate this kind of
switching. This effect would end up in the residual of my decomposition, so the fraction
of the effect not explained by my characterization of the price and non-price effects will be
informative about the potential size of this channel. Second, I assume that there is no role
for non-price mechanisms within the debt demand for each type of refinance. This is almost
certainly not true in reality, but making this assumption biases the share of the decline that
can be explained by the price effect up so long as the unobserved non-price mechanisms
affect debt in the same way that the observed price mechanisms affect debt.
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