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The Effect of Conforming Loan Status on Mortgage Yield

Spreads: A Loan Level Analysis

Abstract

The magnitude of the effect of government-sponsored enterprise purchases on
primary mortgage market rates has been a difficult research question with differing data
and competing methodologies producing varying results. Here we present a new
approach using loan level data and controlling for credit risk differentials between
conforming and non-conforming loans. Our method also addresses econometric
problems of endogeneity and sample selection bias. We find that conforming loans have
yield spreads about 5.5 percent lower compared to other loans on a risk-adjusted basis.

This is lower than previous estimates appearing in the literature.
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The Effect of Secondary Market Sales on Mortgage
Yield Spreads: A Loan Level Analysis

Lenders in the primary mortgage market originate a range of contracts, many of
which are then sold in the secondary market, either to the government-sponsored
enterprises (Fannie Mae and Freddie Mac, hereafter the GSEs') or pooled as collateral for
private label mortgage-backed securities. Other loans are retained in portfolio or sold on
a whole-loan basis. Loans vary in coupon, size, term, collateral, and, of course, credit
quality. Based on business strategy and risk preferences, together with information
obtained during the underwriting process, and rules and price signals from the secondary
market, lenders make a hold-versus-sell decision. What factors determine that decision
and what is the overall effect on rates in the primary market?

This question is one of several crucial to evaluating the role of the GSEs, whose
special status in the economy generate both costs and benefits (Sanders [2002]). GSE
purchases provide liquidity to primary lenders and perhaps stability to the overall
mortgage market (Gonzalez-Rivera [2001], Naranjo and Toevs [2002]). In addition, it is
widely accepted that GSE activity reduces rates on conforming loans by expanding
available funds to lenders (Phillips [1996]). But the extent to which the GSEs reduce
mortgage rates is controversial.” For example, Ambrose, Buttimer, and Thibodeau

[2001] show the impact of house price volatility on the jumbo/non-jumbo loan rate

! There are other GSEs operating in the housing finance arena, including the Federal Home Loan Banks.

* A long line of research has addressed this question, including Hendershott and Shilling [1989], Ambrose
and Warga [1995], Cotterman and Pierce [1996], Kolari, Fraser, and Anari [1998], Roll [2000], Todd
[2000], Gonzalez-Rivera [2001], Ambrose, Buttimer, and Thibodeau [2001], Ambrose and Buttimer
[2002], Naranjo and Toevs [2002], McKenzie [2002], and Passmore, Sparks, and Ingpen [2002]).



differential. Their simulations indicate that as much as 20 percent of the loan rate
differential may be due to house price volatility.

On the other hand, GSEs benefit from an implied federal guaranty of their
liabilities and are exempt from certain taxes and requirements that other financial
intermediaries bear. A number of papers have examined the funding advantage of the
GSEs; most recently, Ambrose and Warga [2002] and Nothaft, Pearce, and Sevanovic
[2002]. The latter identifies seven prior studies, which provide a range of estimates of
the funding advantage of between 23 and 72 basis points, depending on data used,
comparison instrument, and methodology, and provide their own estimate of 27-30 basis
points. Ambrose and Warga [2002] provide a broader comparison across risk classes and
estimate an average funding advantage of 25-29 basis points over “AA” rated banking
sector bonds, 43-47 basis points over “A” rated banking bonds, and 76-80 basis points
over “BBB” rated banking sector bonds.

Our effort here again focuses on the benefit side of the ledger, i.e. the rate
reduction associated with conforming loan status. In contrast to research that relies on
macro level yield data, we return to the loan level approach as in Hendershott and
Shilling [1989]. But our data is more recent and includes borrower credit score, a key
piece of information that allows us to estimate the reduction in mortgage yield spreads
attributable to conforming loan status on a risk-adjusted basis. In addition, we can more
precisely separate conforming from non-conforming loans, a task that cannot be

accomplished with the data used by McKenzie [2002], Ambrose and Buttimer [2002],



and Passmore et al [2002]°. Finally, our approach corrects for two distinct econometric
problems: endogeneity and sample selection bias. Endogeneity occurs because the loan-
to-value ratio is jointly determined with note rate. Sample selection bias may occur
because some loans that could be sold to the GSEs may not be. If the GSEs purchase
lower risk loans, then a simple comparison of yields will be confounded by any credit
risk differential.

To address this question we develop an ex-ante model of yield spreads controlling
for credit risk at the loan level. The model incorporates a variety of characteristics
including credit score, borrower age and income, and loan-to-value ratio (LTV). We also
incorporate actual outcomes, i.e. whether the loan was, in fact, sold into the secondary
mortgage market, or retained in portfolio by the originating lender, as well as bond
market environmental factors.

The plan for the remainder of the paper is as follows. In the next section, we
briefly review relevant literature, drawing analogies to the corporate bond market. In the
second section, we sketch out the theory of mortgage valuation and develop our model of
mortgage yield spreads. In the third section, we describe the data. The fourth section
presents the basic regression model that is comparable to the existing literature. We then
refine the model to control for credit risk and address econometric issues. The final

section offers conclusions.

* The MIRS data, which is a sample of actual loan prices, only allows separation of loans into jumbo versus
not jumbo based on the conforming loan size limit, thereby missing most loans of conforming loan size
which are ineligible for GSE purchase due to credit factors.



I. Literature Review

A number of studies have examined the conforming non-conforming rate
differential. In most cases rates on jumbo loans are taken as the relevant non-conforming
loan category, although the reality is that some conforming loan size loans are, in fact,
non-conforming, due to credit or documentation issues (e.g. sub-prime or low-doc loans).
Most previous studies rely on the Federal Housing Finance Board’s monthly mortgage
interest rate survey (MIRS), which only allows separation into jumbo versus non-jumbo
categories and lacks important credit risk measures. = McKenzie [2002] provides an
excellent discussion of the issues associated with estimating the loan rate differential
using the MIRS data. McKenzie also provides a summary of previous empirical
estimates. Depending upon the period examined and methodology employed, the
jumbo/non-jumbo mortgage rate differential has ranged between a high of 60 basis points
(Cotterman and Pearce [1996]) to a low of 8§ basis points (Naranjo and Toevs [2002]).

In one of the first studies using MIRS data, Hendershott and Shilling [1989] found
that conforming loans had interest rates 24 to 39 basis points lower than non-conforming
loans after controlling for loan characteristics. They regressed effective mortgage interest
rate against a set of variables to control for jumbo loan status, loan size, loan-to-value
ratio, new versus existing home status, as well as dummy variables to capture temporal
and regional variations. Subsequent studies (e.g. ICF [1990], Cotterman and Pearce
[1996], Pearce [2000], Naranjo and Toevs [2002], Ambrose et al [2001], CBO [2001],
McKenzie [2002], and Passmore et al [2002]) have followed a similar methodology with

minor variations in data screens designed to isolate the conforming/non-conforming



effect as well as geographic differences (e.g. McKenzie [2002] and Ambrose and
Buttimer [2002]). Todd [2001] follows the Hendershott and Shilling methodology
adding in the effect of origination costs using Freddie Mac and Federal Reserve
aggregate data. Naranjo and Toevs [2002] extend the Hendershott and Shilling [1989]
methodology to incorporate co-integration to correct for non-stationarity in rates.”

Studies of the determinants of yield spreads in the corporate bond literature have
focused on credit spreads (see Altman and Saunders [1998] for a review). For mortgages,
credit risk has traditionally been viewed to be a function of borrower equity or loan to
value ratio (LTV). Early research includes von Furstenberg [1969], von Furstenberg and
Green [1974], Campbell and Dietrich [1983], and Cunningham and Capone [1990].
Quercia and Stegman [1992] and Vandell [1993] provide surveys focusing on default,
while Kau, Keenan, and Kim [1994] develop theoretical default given stochastic
collateral values. Among recent methodological innovations, Deng, Quigley, and Van
Order [2000] present a competing risk model of mortgage termination, both default and
prepayment, accounting for unobserved borrower heterogeneity. Mortgage default
research has also recently begun to incorporate borrower credit score (for example,
Avery, Bostic, Calem, and Canner [1996]). In a related line of research outside of the
mortgage literature, Angbazo, Mei and Saunders [1998] examine yield spreads for highly
leveraged corporate loans.

Linking the mortgage literature to the broader finance literature, yield spreads on
the firm’s debt reflect underlying financial risk that depends on firm capital structure, just

as default risk in mortgages is related to the borrower’s equity. Likewise, we may think

* Kolari, Fraser, and Anari [1998] also utilize cointegration methods to investigate the impact of
securitization on mortgage yield spreads using data from MIRS. However, their analysis does not examine



of borrower credit score as the analog to firm credit rating and individual borrower

demographic characteristics as the analog to firm specific idiosyncratic risk factors.

I1. Theoretical Predications and Model

The general approach to mortgage pricing is now well established. Mortgages are
contingent claims contracts in which the mortgage value (V) depends critically on two
stochastic processes, the market interest rate, r(z), and the house value, H(t). For

instance, we may specify the interest rate process with a CIR diffusion process:
d(r)=/(©—r)dt + 0 rdz, (1.)
where O is the steady state mean rate, yis the speed of adjustment factor, g, is the volatility

of interest rates.” Diffusion in collateral value affects mortgage value, too, so we may

specify the evolution of house values, H(z), by

dH
- = (a-s)dt + oudzy (2.

where ¢ is the instantaneous total return to housing, s is the service flow, and oy is the
volatility of housing returns. In (1) and (2), dz, and dzy are standard Wiener processes and
the correlation between the movements of the two state variables (dzy and dz,)) is p.

Kau et al [1995] show that under appropriate assumptions, the value of the mortgage

(V™) will satisfy the following partial differential equation (PDE):

J VM &ZVM VM
Y H*0? ~——+ pH 4+ Vro?
M M M '
+;/(0—r)&gr e _s)H_%VH 20

the differential between conforming and non-conforming loans.



Specifying the boundary conditions allows the valuation of the mortgage when the
economic variables take on extreme values. With these boundary conditions, (3) can be
solved to find the value of the mortgage contract.

We denote the present value of the remaining mortgage payments as A(r(t),t).
Since house prices and interest rates interact in determining the value of the right to

terminate the mortgage, J(r(t),H(t),t), the mortgage value is given as

VM(r(t), H(t),t)=A(r(t),t-J (r(t), H(1),1). 4.

The right to terminate the mortgage is composed of the right to prepay the mortgage and

the right to default.® Standard comparative statics show that BV%O_ <0,
H

BV%O' <0 and GV%H >0 7. Assuming that " represents the mortgage value at

origination (net of any discount points), then the yield () is simply the internal rate of
return that equates the expected mortgage payments (principal and interest) over the
expected holding period to V*.®

Following Merton [1974], we define the mortgage credit risk premium as the
difference between the yield and the risk-free rate ()*-r), where the Treasury bond rate
serves as a proxy for the risk-free rate. Although Merton [1974] examined the
relationship between the risk premium on discount debt issued by a firm, the comparative
statics from the mortgage pricing model (4) and Merton’s [1974] analysis of risky debt

implies that the yield spread (*-r) is a function of the volatility of the underlying state

> Equation (1) is the standard Cox, Ingersoll, and Ross [1985] interest rate model.

Kau, Keenan and Kim [1993, 1994] show that the option pricing technique can be utilized to determine
the probability of default.
7 See Kau et al [1992, 1993] for a complete discussion of the comparative statics on fixed-rate mortgage
contracts.



variables (house values and interest rates) as well as the loan-to-value ratio at

origination(VM (r(0). 1 (0),(y

H(O)j . Thus, consistent with Merton [1974] we have that

o0, Vg, 0 o), "

where S = ('-r).

Many models of yield spreads have been developed in the corporate bond market
following Merton [1974).9 For example, Bakshi, Madan and Zhang [2000] test for the
presence of firm-specific distress factors in discount rate models for corporate bonds.
Results confirm that firm-specific factors (such as leverage and book-to-market ratios) as
well as market interest rates explain differences in corporate bond yields. We follow this

example and propose the following generalized model of the yield spread (S):

1

M
InS, =0, +00, +o,0, + “3(K/{_j + 0o, CONFORM ,
. (5.)
+a, X, +) 6,0TR, +¢,
j=1
where CONFORM; is a dummy variable denoting mortgages that meet the GSE
conforming guidelines, X; represents a vector of borrower-specific and market factors that

may impact yield spreads, YR; is a dummy variable denoting the year of origination and

MON,; is a dummy variable denoting the month of origination.'’ Including the dummy

¥ In the empirical analysis, we assume a 10-year expected holding period rather than the full 30-year
mortgage term.

? For example, see Duffee [1998, 1999], Bakshi, Madan and Zhang [2000], Ericsson and Renault [2000],
Collin-Dufresne, Goldstein, and Martin [1999], and Duffie and Singleton [1999].

" We include the yearly dummy variable to capture any variation in market credit conditions not
specifically identified. We include the monthly dummy variable to capture any seasonal effects associated
with mortgage origination.



variable CONFORM in (5) sets up our test of whether origination spreads are lower for

loans that are eligible for GSE purchase compared to those which are not.

III.  Data

Data used for this research consists of origination records on 26,179 conventional
fixed rate mortgages made between January 1995 and December 1997 by a national
lender, the lender’s correspondent lenders, and mortgage brokers. Both conforming and
non-conforming loans are included, although super-jumbos (loans with initial balances in
excess of $650,000) are not. Table 1 reports the distribution of the loans by origination
year and geography. We also compare the distribution of loans to the MIRS and Home
Mortgage Disclosure Act (HMDA) databases for 1997 to ensure that our data is
reasonably representative. Cross-sectionally, our sample is somewhat over represented
by loans in New York/New Jersey and under represented in the Northwest and Southwest
regions. However, the distribution of mortgage originations across years does follow the
same pattern as observed in the broader market.

We have relatively complete micro-level data for each loan in the sample. In
addition to geography, loan amount, and note rate, we observe points paid at the time of
loan origination so we can correctly compute yields over a given horizon. Major credit
quality indicators, loan-to-value ratio (L7V) and borrower credit score at time of
origination (FICO), are also available, as is whether the loan had private mortgage
insurance. Borrower demographic characteristics available include age (BRWAGE) and
income (INCOME). Table 2 reports the descriptive statistics (mean, median, and

standard deviation) for the sample by origination year. Across all origination years, the
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mean LTV is 75.6 percent. About 69 percent have LTVs below 80 percent, 15 percent
have LTVs between 80 percent and 90 percent, and 16 percent have LTVs greater than 90
percent (see Table 2).

Across time credit quality appears to have increased, with declining LTVs and
increasing credit scores. The average FICO score increased from 715 in 1995 to 722 in
1997 and averaged 720 over the full sample. Average borrower age at origination (our
proxy for wealth) increased from 40 years in 1995 to 42 years in 1997 and that average
borrower income at origination increased from $62,510 in 1995 to $87,960 in 1997.
Consistent with housing market appreciation and a more affluent borrower pool, loan
amounts increased over time from $107,700 in 1995 to $141,500 in 1997.

Our data contains both conforming and non-conforming loans; however, while we
observe outcomes (i.e. whether sold to Fannie Mae or Freddie Mac, sold into a private
label MBS, or retained in portfolio), we cannot precisely determine loan status at
origination. About 71 percent of the loans were actually sold to the agencies (Fannie
Mae and Freddie Mac), 26 percent were sold as private label MBS, and 3 percent were
retained in portfolio. It seems reasonable to assume that loans actually sold to the GSEs
were conforming at origination and that jumbo loans were not. The question is whether
the small number of conforming-size loans that were not sold to the GSEs could have
been. We use some admittedly arbitrary criteria to make this determination. Since
mortgages to borrowers with credit scores lower than 620 are classified by regulatory
agencies as ‘sub-prime’ and not usually purchased by the GSEs without significant credit
enhancement, we use this value as one credit quality cutoff. We then classify a mortgage

as conforming if: (1) the loan was sold to one of the GSEs; or (2) the borrower FICO
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score at origination is above 620, the loan amount was below the conforming loan limit in
place at time of origination, and the LTV is less than 80 percent; or (3) the borrower
FICO score at origination is above 620, the loan amount was below the conforming loan
limit in place at time of origination, and the loan has private mortgage insurance if the
LTV is greater than 80 percent.'' Based on this classification scheme, we see that
approximately 80 percent of the mortgages were conforming loans at origination — and
were thus eligible for sale to the agencies. Hence, by our calculations, about 90 percent
of conforming production was ultimately sold to the GSEs.'?

Table 2 reports the mean (and median) yield and yield spreads for the sample.
We report both the effective yield-to-maturity (Y/ELD) as well as the effective yield
assuming a 10 year expected holding period (YIELD_10). The effective yield controls for
any points paid by the borrower at origination. In the subsequent analysis, we use
YIELD_10 since most loans are repaid prior to maturity. The yield spread (YLDSPD) is
calculated as the difference between the effective yield assuming a 10-year holding
period and the then-current 10-year treasury. The data show a general downward drift in
the effective yield and yield spreads mirroring overall rate movements from 1995 to
1997.

We begin our analysis of the difference between conforming and non-conforming
yield spreads with the simple non-parametric comparison shown simple in Table 3. We

show the mean and median effective yield and yield spread for conforming and non-

"' We also estimated the credit spread models using a credit score of 660 to denote conforming status.
Overall, results remained consistent and do not appear to be sensitive to our choice of credit score cutoff.
2 Unfortunately, our classification scheme does not control for non borrower credit quality underwriting
criteria and thus may lead to some loans that are non-conforming due to property characteristics being
incorrectly categorized as conforming. While the number of these cases is probably small, the effect will
be to bias down the conforming/non-conforming differential.
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conforming loans assuming a 10-year expected holding period. Consistent with previous
empirical studies, conforming loans in our sample had lower effective yields and yield
spreads than non-conforming loans across all years. Table 3 also shows the effective
yields and yield spreads for loans above and below the GSE conforming limits in place at
the time of origination (JUMBO and NON-JUMBO). We see that mortgages with loan
amounts above the conforming loan limit had slightly higher yield spreads than non-
jumbo loans. T-tests within years and F-tests across years show statistically significant

differences for both YLDSPD and YIELD 10.

IV.  Impact of Conforming Loan Status
Base Model

Since our dataset differs from the MIRS data used in prior studies, we begin with
a simple model following those used by previous researchers (e.g. Ambrose and Buttimer
[2003], Cotterman and Pearce [1996], Hendershott and Shilling [1986], and McKenzie
[2001].) Specifically, we estimate the following model of mortgage origination spreads
via ordinary least squares (OLS) based on the simplified jumbo versus non-jumbo
classification:

InS,=p4,+ B InBAL, + iﬂm InLTV, + S,JUMBO, + 23:,[35+kREGik
. = = (6.)
+ ; B OTR, + &,

where BAL; is the loan amount, L7V is a the mortgage loan-to-value ratio, JUMBO; is a
dummy variable denoting jumbo loan size, REG; is a set of dummy variables controlling

for location (South, Midwest, and West, with North the reference category), and QTR; are
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a series of dummy variables controlling for the year and quarter of origination (the fourth
quarter of 1997 is the reference). We incorporate the log of BAL and LTV into the
econometric specification to control for non-linearities in loan size and LTV.

Table 4 reports the estimated parameter coefficients for (6). Consistent with
previous studies, the JUMBO parameter coefficient is positive and significant indicating
that jumbo mortgages have significantly higher yield spreads than loans below the
conforming loan limit. The estimate of 0.142 implies that jumbos have origination
spreads about 15 percent higher than mortgages below the conforming loan limit."
Multiplying this percentage difference by the mean sample yield spread of 162.5 basis
points implies that jumbo loan have yield spreads 24.8 basis points higher than non-
jumbo loans. This result is completely consistent with other studies. For example,
Hendershott and Shilling [1988] found that jumbo loan rates were 24 to 39 basis points
higher than conforming loans and over the period from 1989 to 1993, Cotterman and
Pearce [1996] estimated loan rate differentials between 24 and 60 basis points. Pearce
[2000] reports that, over the period 1992 to 1999 (a period spanning our data), the loan
rate differential ranged between 12 and 34 basis points. Our result is also consistent with
McKenzie [2001], who estimates the jumbo/conforming loan rate differential between 11

and 31 basis points over the period from 1986 to 2000, a longer period.

Base Model: Impact of Loan Risk Characteristics
The drawback to the base model of jumbo/non-jumbo spreads is that it does not
control for loan risk characteristics and the fact that some conforming size loans may not

actually be conforming. As a first step in addressing this problem, Table 4 also reports an
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extended specification that includes borrower risk characteristics and other factors. We
estimate this model over the full sample (1995 to 1997 originations) and include two
indicator variables CONFORM and JUMBO to decompose the spread differential. This
specification also includes borrower credit score (F/CO) and loan balance. To capture
the time-varying market influences we also include the yield difference between the
‘AAA’ bond index and the ‘Baa’ bond index (CREDSPD) as well as a measure of yield
curve slope (YLDCURVE), proxied by the difference between the 10-year and 1-year
Treasury bond rates. Finally, following Ambrose and Pennington-Cross [2001], we
include a set of dummy variables that categorize states based on judicial versus non-
judicial foreclosure laws and deficiency versus non-deficiency judgment states in order to
control for differences in legal environment. ¢; indicates states that have non-judicial
foreclosure available and allow deficiency judgments;'* ¢, indicates states that have non-
judicial foreclosure available and do not allow deficiency judgments;'” g5 indicates states
that require judicial foreclosure and allow deficiency judgments;'® and finally ¢, indicates
states that require judicial foreclosure and do not allow deficiency judgments.'’

Based on the theoretical model of yield spreads outlined above, we expect yield
spreads to be related to house price and interest rate volatility and loan-to-value ratio.
We construct a proxy for house price volatility by calculating the standard deviation in

the OFHEO state-level house price index over the eight quarters prior to the quarter of

1 The point estimate is calculated as ¢’-1.

' 4, indicate AL, AR, DC, GA, HI, MO, IA, MA, MD, MI, MS, RI, NE, NH, NM, NV, NY, TN, UT, VA,
WV, WY, CO.

1% ¢, indicate AK, AZ, CA, ID, OK, ME, MN, MT, NC, OR, SD, TX, WA.

' 45 indicate CT, DE, FL, IL, IN, KS, KY, NJ, OH, PA, SC, VT.

17 44 indicate LA, ND, WI.
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origination. We use the standard deviation in the 1-year Treasury bond rate over the 15
months prior to origination as a proxy for rate volatility.

Results indicate that it is possible to decompose the 15 percent jumbo—non-jumbo
differential into two distinct parts: an exogenous loan size effect and an endogenous
credit quality effect reflecting GSE underwriting. The positive and significant coefficient
for JUMBO measures the size effect: loans exceeding the GSE conforming loan limit
have yield spreads 12.0 percent above loans with balances below the limit. The negative
coefficient for CONFORM indicates that loans meeting the conforming guidelines have
yield spreads 3.2 percent lower than non-conforming loans. Again, multiplying these
estimates by the sample mean suggests that conforming loans have yield spreads that are
5.1 basis points lower than non-conforming, non-jumbo loans, while jumbo loans have
yield spreads that are 19.4 basis points above the non-conforming, non-jumbo segment
and 24.5 basis points above conforming loans.

We also note that adding borrower risk characteristics and incorporating market
risk factors increases the model’s adjusted R? from 20.8 percent to 25 percent. We now

turn to additional econometric issues and further refinement of the model to address

them.
V. Econometric Issues
Endongeneity

To reduce default risk, lenders impose LTV restrictions. However, since LTV is
such an important component of underwriting, it can be argued that LTV, mortgage

amount, and contract rate are jointly determined. Moreover, the endogenous relationship
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between the level of mortgage debt and the amount of housing consumption is well
known. For example, Ling and McGill [1998] develop a simultaneous equation model
where mortgage demand is a function of borrower income, non-housing wealth, desired
housing consumption, and demographic characteristics; and housing consumption is a
function of the level of mortgage debt as well as economic and demographic factors. To

control for this endogenous relationship, we specify L7V and house value as a

simultaneous equations system and utilize the predicted loan-to-value (Lf V') in the
subsequent yield spread regression. We estimate the following system via two-stage least

squares regression:

log(house,)=f3, + B, LTV, + 3,BRWAGE, + B,BRWAGE} + B,r,,,
+ B, INCOME, + B, INCOME + 3,YR95+ B,YR96 (7.)

10
+ Zﬂﬂ—kREGi,k té&

k=2

LTV, =a, + o, log(house, )+ o, FICO, + ey, + ¢, INCOME, + ot, INCOME}

10 (8)
+0q, + 0+ 0q, + QYRI5 + 0, YRI6+ > @, REG, |+,

k=2
where INCOME; is borrower i’s income at origination, BRWAGE; is borrower i’s age at
origination, 7, 1S the current mortgage rate at origination as proxied by the Freddie Mac
30-year fixed-rate mortgage rate, FICO; is borrower i’s credit score at origination,'®
YR95 and YR96 are dummy variables denoting year of origination (1997 is the control
year), and REGy (k=1...4) are a series of dummy variables denoting the region where the
loan is located (Region 1 — North — is the control region). Use of borrower age and
income together provides a rough proxy for total wealth, or permanent income, and we

include the square of these variables to control for any non-linear effects in wealth or
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income. We also include the previously described set of dummy variables that classify
states based legal environment (q;...q4).

Table 5 reports the results of estimating equations (7) and (8) via two-stage least
squares. Consistent with Ling and McGill [1998], we find that loan-to-value ratios are
lower for higher value homes and for borrowers with higher credit ratings. We also find
that borrower income is non-linearly related to LTV with individuals having greater
income capable of supporting higher LTV ratios. We also find that LTV ratios are higher
in states that do not allow lenders to pursue deficiency judgments (g, and ¢g,). Based on
the model coefficients reported in Table 5, we calculate the predicted LTV ratio for each
borrower, which is used in the enhanced yield spread model.

Table 6 reports our enhanced yield spread model using the predicted LTV values.
The coefficient on CONFORM remains significantly negative implying that conforming
loans do have lower yield spreads than non-conforming loans. However, correcting for
the endogenous relationship for LTV causes the magnitude of the conforming loan
differential to shrink. The estimated coefficient in Table 6 implies that conforming loans
have yield spreads that are 3.0 percent lower than non-conforming loans. Again, this
implies that conforming loans have yield spreads that are approximately 24.4 basis points
smaller than jumbo loans.

Sample Selection Bias

As discussed previously, raw data suggests that conforming loan rates are
consistently lower than non-conforming rates. But such a pattern could emerge for at
least two distinct reasons. First, the differential could reflect a liquidity premium, since it

is less costly to sell (or swap) loans to the GSEs, compared to the creating complex

'® In the empirical estimation, we use the log of FICO.
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private label mortgage-backed securities. Second, the differential could be attributable to
credit risk, i.e. if the GSEs purchase only loans with lower credit risk, then any
comparison to rates for higher risk loans would be confounded by this difference.

In order to control for this potential sample selection bias, we estimate the
“treatment effects” model (see Green [1997]). This procedure involves estimating the
following conforming loan selection model

CONFORM , =yZ.+¢, 9.
where Z; is a vector of characteristics that determine whether the loan is a conforming
loan and & is an error term. Since the GSEs have congressionally-mandated missions to
increase the supply of mortgage credit for low and moderate income borrowers, we
assume that Z; includes borrower income (/INCOME) and age (BRWAGE, proxying for
borrower wealth) along with dummy variables for year to reflect the yearly adjustments

in the conforming loan limit. We estimate (9) as a probit model with the following form

_. P92
Pr(CONFORM, =1)= ol ) (10.)
and
Pr(CONFORM , = 0)=1-Pr(CONFORM =1)] (11

where ¢ is the standard normal probability density function (pdf) and ® is the standard
normal cumulative distribution function (cdf). From the probit model coefficients, vy, we

compute the inverse Mills ratio (4;) as

=27 ) (12)

Flannery and Houston [1999] discuss that if & and & are jointly normally distributed, then
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E(e,| CONFORM,)= po.E(&, | CONFORM,) (13.)
where p is the correlation between & and &, and o is the standard deviation of & Then in

the second step, we re-estimate equation (5) via least squares with A; included as an

explanatory variable:"

VM
; %IJ +a,CONFORM,

1

InS, =0, +00, +a,0, +0(3(
. (14.)
+BX,+> 6,0TR, + @A +¢,

=
The inverse Mills ratio coefficient (¢) is a measure of (pog) in (14); hence if the
parameter estimate of A is zero, sample selection bias is not present. However, Willis and
Rosen [1979] show that including A corrects for selectivity bias in the sample
observations. Furthermore, if the A coefficient is statistically significant, then this
suggests that the mortgage status as conforming impacts the mortgage spread at
origination. Finally, following Flannery and Houston [1999], a positive (negative) ¢
implies that p > (<) 0, which suggests that the origination spread on conforming loans is
higher (lower) than non-conforming loans.

Table 7, Panel A presents the results of the first-stage probit model (Equation 9).
Results show that the probability of a loan being conforming is positively related to
borrower age and negatively related to borrower income. This result seems intuitive
since older households would have accumulated greater funds for down payment and
higher income households would be more likely to purchase higher priced housing
requiring jumbo loans. In addition, the probability of being conforming declines as the

loan-to-value ratio increases, consistent with underwriting of credit risk.
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Table 7, Panel B presents the second-stage results with asymptotically corrected
standard errors for the yield spread model that includes the inverse-Mills ratio to control
for sample selection bias. The significantly positive coefficient for A indicates that the
loan spread is indeed affected by conforming loan status, from which we may conclude
that a simple OLS model of SPREAD without including A would suffer from omitted
variables bias.”’ In addition, since A is positive, this implies that conforming loan
origination spreads are actually larger than would be estimated under the simple OLS
regression. In other words, the base OLS coefficients presented in Tables 4 and 6 are
biased.

Other results are consistent with our expectations about the relationship between
yield spreads and loan and borrower characteristics. Yield spreads are positively related
to LTV and negatively related to borrower credit score. Furthermore, yield spreads are
positively related to rate volatility.

Turning to the general macro-economic variables, we find that mortgage yield
spreads are negatively associated with changes in the general default risk premium and
negatively related to changes in the yield curve. The negative coefficient for the bond
market yield spread (CREDSPD) indicates that a one basis point increase in the corporate
bond market yield spread results in a 1.2 basis point decrease in mortgage yield spreads
(assuming a conforming loan with an LTV ratio of 80 percent). Likewise, a one basis
point increase in the yield curve translates into approximately a 0.7 basis point decline in
the mortgage yield spread. The legal environment dummy variables indicate that loans

originated in states that do not allow deficiency judgments have lower origination

' The two-step estimation procedure follows Heckman [1979].
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spreads. Given that these states have more borrower friendly laws, it is rather surprising
that the negative coefficient suggests that loans originated in these states actually have
lower yield spreads than loans originated in other more lender friendly states.

Finally, the parameter estimate for the conforming loan dummy variable
continues to be negative and statistically significant while the estimate for the jumbo size
dummy is positive and significant. The JUMBO coefficient indicates that mortgages with
loan amounts above the GSE conforming loan limit have yield spreads that are on
average approximately 11.3 percent higher than mortgages with loan amounts below the
conforming loan limit. This implies that mortgages above the conforming loan limit have
yield spreads that are 18.4 basis points above loans that are below the conforming loan
limit (evaluated at the average yield spread of 162.5 basis points). Following Greene
[1997], the impact of conforming loan status is given by a,+@i. Thus, we estimate the
impact of conforming loan status as —0.0554, indicating that conforming loan yield
spreads are 5.5 percent lower than non-conforming loans.?' This implies that conforming
loans have yield spreads that are 9 basis points lower than non-conforming loans
(evaluated at the average yield spread for the sample). Thus, combining the jumbo and
conforming loan effects suggests that conforming loans have yield spreads that are 27.7
basis points lower than jumbo loans (evaluated at the average yield spread of 162.5 basis
points for the sample).”> Comparing this estimate with the 24.5 basis point conforming-

jumbo differential calculated using the coefficients in Tables 4 and 6, we see that

2% See Flannery and Houston [1999] for a discussion of the interpretation of the inverse-Mills ratio in the
context of the impact of bank examinations on market value.

1.0.0554 = exp(-0.096 + 0.039)-1.

22 The total differential is found by subtracting the jumbo effect from the conforming effect: 27.7bp =
18.4bp — (-9bp).
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adjusting for sample selection bias increases the magnitude of the estimate, though not
dramatically.

Our decomposition of the yield spread differential into the loan size effect and an
underwriting effect has implications for the debate surrounding the magnitude of the
interest savings the GSEs provide to consumers. In a simulation of the effect of house
price volatility on the yield spread differential, Ambrose, Buttimer, and Thibodeau [2001]
found that 20 percent of the jumbo/non-jumbo yield differential could be explained by
differences in underlying collateral property price dynamics.”> Thus, applying this
simulation result to our analysis implies that 3.68 basis points of the jumbo/non-jumbo
effect may result from differences in the volatility of typical properties that collateralize
loans above and below the conforming loan limit.** To summarize, of the 27.7 basis
point differential, 32 percent (9 basis points) results from the GSE conforming loan
underwriting guidelines, 13 percent (3.68 basis points) results from differences in
property price volatility, and 53 percent (14.72 basis points) results from the conforming
loan limit barrier. This implies that the volatility adjusted yield spread is approximately
24 basis points.

A reasonable interpretation of the conforming loan underwriting differential is
that this is the source for the pass-through of the GSE benefits associated with their
charters. As a result of the GSEs’ special relationship the Federal government, Ambrose
and Warga [2002] indicate that the GSEs enjoy a debt funding advantage between 25 and

29 basis points over comparable “AA” banking sector firms and between 43 and 47 basis

» The Ambrose, Buttimer and Thibodeau [2001] simulation was based on properties located in Dallas,
Texas and thus may not reflect the national market.
23 68bp =0.2 * 18.4bp.
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points over comparable “A” banking sector firms.”> Combining these funding advantage
estimates with our result of the conforming loan differential implies that the GSEs retain
between 5 to 50 percent of their debt cost advantage.® In other words, our analysis
suggests that the GSEs pass-through between 50 to 95 percent of their debt funding

advantage to borrowers in the conforming loan market in the form of lower interest rates.

VI.  Conclusions

This paper focuses on the rate reduction associated with conforming loan status.
Our analysis goes beyond the traditional jumbo/non-jumbo classification and includes
borrower credit score, a key piece of information that allows us to estimate the reduction
in mortgage yield spreads attributable to conforming loan status on a risk-adjusted basis.

Our results confirm that mortgage yield spreads are positively related to loan-to-
value ratio and negatively related to borrower credit score. This is consistent with the
finance literature, which relates yield spreads to firm capital structure and credit ratings.
We also find that conforming loans have lower yield spreads, after controlling for
borrower and loan level risk characteristics and the broader bond market environment,
though our point estimates are smaller than those found in previous studies. Correcting
for endogeneity and sample selection bias shrinks the magnitude of the conforming loan
yield spread advantage still further.

Finally, we utilize our decomposition of the mortgage yield differential into the

component parts to identify the magnitude of the benefit the GSEs’ provide to the market

> The Ambrose and Warga [2002] analysis covers the period between 1995 and 1999 — roughly consistent
with the mortgage origination data employed here.
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via the pass-through of their debt funding advantage. Depending upon the choice of
benchmark comparison, we estimate that the GSEs pass-through between 50 to 95
percent of the debt funding advantage they enjoy over comparable financial institutions

as a result of the implicit guarantee arising from their Congressional charters.

2% At the low end, the 5 percent is calculated assuming the GSE funding advantage is 25 basis points and
the volatility adjusted yield spread differential is 24bp ([25bp — 24bp] / 25bp). At the high end, the 50
percent is calculated assuming the GSE funding advantage is 47 basis points ([47bp — 24bp]/47bp).
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Table 4
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OLS regression estimates for the base yield spread model and the adjusted model

controlling for ‘conforming’ loan status and borrower credit quality.

The

dependent variable is the log of the origination yield spread, where the origination
yield spread is calculated assuming a 10-year holding period.

Model 1 Model 2

Variable Label Coeff. Std. Err. Coeff. Std. Err.
INTERCEPT Intercept 1.828" 0.036 3.468" 0.114
CONFORM 1=Conforming Loan -0.032" 0.006
JUMBO 1=Jumbo Loan 0.142" 0.005 0.113" 0.007
Log(LTV) Log of Loan-to-Value Ratio 0.036 " 0.005 0.019" 0.005
log(FICO) Fair Isaac Credit Score -0.274" 0.015
CREDITSPD AAA-BBB Bond Spread 0.684"" 0.080
Log(ORIBAL) Loan Amount -0.118"" 0.003 | -0.114" 0.003
HPI_STDEV House Price Index Volatility 0.001" 0.001
SIG_GS1 Interest Rate Volatility -0.225" 0.031
YLDCURVE Yield Curve Slope 04717 0.017
oh Non-judicial, No Deficiency -0.024" 0.005
s Judicial & Deficiency 0.0117 0.003
Q4 Judicial, No Deficiency -0.032' 0.020
QTR95_1 1% Quarter 1995 0.088" 0.010 0.444" 0.032
QTR95_2 2" Quarter 1995 01717 0.006 0.402"" 0.024
QTR95_3 3" Quarter 1995 -0.005 0.005 0.159" 0.016
QTR95_4 4™ Quarter 1995 0.183" 0.005 0.209" 0.016
QTR96_1 1% Quarter 1996 -0.123" 0.007 0.123" 0.019
QTR96_2 2" Quarter 1996 -0.074" 0.006 0.196 0.017
QTR96_3 3" Quarter 1996 0.007 0.006 0.194" 0.015
QTR96_4 4™ Quarter 1996 0.097" 0.006 0.232" 0.013
QTR97_1 1% Quarter 1997 -0.076 0.008 0.104" 0.012
QTR97_2 2" Quarter 1997 -0.063" 0.005 0.099" 0.009
QTR97_3 3" Quarter 1997 -0.068" 0.004 0.040" 0.006
SOUTH 1=Located in South Region -0.033”" 0.004 | -0.024" 0.004
MIDWEST 1=Located in Midwest Region 0.007" 0.004 0.003 0.004
WEST 1=Located in West Region 0.001 0.003 0.023" 0.005

Adjusted R 0.208 0.250
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Table 5
Estimation of the Endogenous Relationship Between LTV and House Values
The table below reports the Simultaneous Two Stage Least Squares (2SLS) regression
estimates of the following system of equations:

log(house,)= B, + B, LTV, + B,BRWAGE, + B,BRWAGE’ + B,r.,.

+ BINCOME, + B,INCOME} + 3,YR95 + B,YR96 + €,
LTV, =, + &, log(house. )+ o, FICO, + a1, + at,INCOME, + . INCOME?
+0,q2 + a,q3 + 0q4 + o, YROS + o, YRO6 + €,

The dependent variables are the house price at origination and the loan-to-value ratio at
origination. The independent variables are as follows: INCOME; is borrower income at
origination, BRWAGE; is borrower age at origination, r,y is the current mortgage rate at
origination as proxied by the Freddie Mac 30-year fixed-rate mortgage rate, FICO; is
borrower credit score at origination, YR95 and YR96 are dummy variables denoting year
of origination (1997 is the control year), g; indicates states that have non-judicial
foreclosure available and allow lenders to obtain deficiency judgments; ¢, indicates states
that have non-judicial foreclosure available but do not allow deficiency judgments; ¢;
indicates states that require judicial foreclosure and allow deficiency judgments; and g,
indicates states that require judicial foreclosure and do not allow deficiency judgments.

Approx Approx
Parameter Variable Estimate Std Err  t-stat. Pr > |t|
LTV Equation
o Intercept 1.699 0.036  47.740 <.0001
o log(house value) -0.071 0.002 -32.850 <.0001
o3 log(FICO) -4.3E-04 1.7E-05 -25.850 <.0001
Oy Fmkt 0.029 0.003 9.620 <.0001
o INCOME 1.7E-04 1.7E-05 9.870 <.0001
O INCOME? -1.8E-08 2.4E-09 -7.510  <.0001
o7 gz 0.011 0.004 2.890 0.004
O g3 -0.007 0.002 -2.800 0.005
O Q4 0.029 0.015 2.000 0.045
0o YR95 0.009 0.002 3.800 0.000
0l YR96 -0.009 0.003 -3.510 0.000
Ol42 South -3.8E-04 0.003 -0.120 0.903
03 Midwest -0.009 0.003 -3.220 0.001
Ol1g West 0.004 0.004 0.930 0.352
House Equation
B Intercept 12.332 0.081 152.870  <.0001
B, LTV -1.164 0.027 -43.370 <.0001
B3 BRWAGE 0.032 0.002 19.800 <.0001
B4 BRWAGE? -3.9E-04 1.7E-05 -22.870 <.0001
Bs ikt -0.033 0.009 -3.590 0.000
Bs INCOME 0.004 4.3E-05 97.660 <.0001
B7 INCOME? -44E-07 6.9E-09 -63.800 <.0001



Bs YR95 -0.179 0.008 -23.760 <.0001
Bg YR96 -0.042 0.008 -5.090 <.0001
B1o South -0.145 0.009 -16.930 <.0001
B4 Midwest -0.170 0.008 -20.620 <.0001
B12 West 0.214 0.008 28.200 <.0001
Adjusted R — LTV Equation: 14.2%
Adjusted R? — House Equation: 45.0%
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Table 6

Adjusted Model controlling for conforming, jumbo status and borrower credit.
Estimated with predicted LTVs.

Model 3
Variable Label Coeff. Std.Err. t-stat. P-value
INTERCEPT Intercept 2.217 0.194 11.437 0.000
CONFORM 1=Conforming Loan -0.030 0.006  -5.411 0.000
JUMBO 1=Jumbo Loan 0.114 0.007 16.459 0.000
Log(LTV) Log of Loan-to-Value Ratio ~ 0.373 0.046  8.120  0.000
Log(FICO) Fair Isaac Credit Score -0.119 0.025 -4.719 0.000
CREDITSPD AAA-BBB Bond Spread 0.694 0.080 8.727 0.000
Log(ORIBAL) Loan Amount -0.085 0.004 -19.560 0.000
HPI_STDEV  House Price Index Volatility 0.001 0.001 1.670 0.095
SIG_GS1 Interest Rate Volatility -0.235 0.031 -7.615 0.000
YLDCURVE Yield Curve Slope -0.489 0.018 -27.880 0.000
Q; Non-judicial, No Deficiency ~ -0.029 0.005 -5.744 0.000
Qs Judicial & Deficiency 0.015 0.003 4474 0.000
Q Judicial, No Deficiency -0.047 0.020 -2.408 0.016
QTR95_1 1*' Quarter 1995 0.436 0.032 13.442 0.000
QTR95_2 2" Quarter 1995 0.398 0.024 16.814 0.000
QTR95_3 3" Quarter 1995 0.155 0.016 9.881 0.000
QTR95_4 4™ Quarter 1995 0.205 0.016  13.189 0.000
QTR96_1 1*' Quarter 1996 0.136 0.019 7.123 0.000
QTR96_2 2" Quarter 1996 0.201 0.017 11.645 0.000
QTR96_3 3" Quarter 1996 0.195 0.015 12.668 0.000
QTR96_4 4™ Quarter 1996 0.237 0.013 17.840 0.000
QTR97_1 1*' Quarter 1997 0.103 0.012 8.550 0.000
QTR97_2 2" Quarter 1997 0.096 0.009 10.571 0.000
QTR97_3 3" Quarter 1997 0.041 0.006 6.554 0.000

SOUTH 1=Located in South Region  -0.025 0.004 -6.206 0.000

MIDWEST  1=Located in Midwest Region ~ 0.007 0.004 1.684 0.092

WEST 1=Located in West Region 0.022 0.005 4.298 0.000
Adjusted R 0.251
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Table 7
Sample Selection Correction
Panel A: Probit Model

This table reports the maximum-likelihood parameter estimates for the first stage probit
model of whether a loan is a conforming loan. The dependent variable is a dummy
variable equal to 1 if the loan is conforming and 0 otherwise. The independent variables
are as follows: INCOME is borrower income at origination; BRWAGE is borrower age at
origination; LTV is the actual loan-to-value ratio at origination; YR95 and YR96 are
dummy variables denoting year of origination (1997 is the control year).

Chi Pr >
Parameter Estimate Error Square ChiSq

INTERCEPT 2.451 0.080 946.740 <.0001

BRWAGE 0.005  0.001 32.370  <.0001
INCOME -0.008  0.000 3308.890  <.0001
Log(LTV) 1727 0071 591.960  <.0001
YR95 0.069 0023 9190  0.002
YR96 0.088  0.023 14.380  0.000

Log-likelihood: -12258.5
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Table 7
Panel B: 2™ Stage OLS Regression with Consistent Asymptotic Standard Errors

This table reports the OLS regression estimates of the following equation:

M
InS, = 0, + &0, +2,0, + a{Vz‘ /{ j+(x4CONFORM

1

11
+BX,+> 6 0TR+ A +¢,

J=1

The dependent variable is the log of the yield spread calculated as the difference between
the effective loan yield assuming a 10-year holding period and the 10-year Treasury rate.

The inverse Mills ratio (A) is defined as A, = ¢(7Z%( AL where v are the parameter

1

coefficients of the first-stage probit model reported in Panel A

Variable Label Parameter Std Error  T-stat. P-value
INTERCEPT Intercept 3.112 0.229 13.584 0.000
CONFORM 1=Conforming loan -0.096 0.011 -9.143 0.000
JUMBO 1=Jumbo Loan 0.107 0.007 15.443 0.000
log(FICO) Fair Isaac Credit Score -0.215 0.029 -7.555 0.000
Log(LTV) Log of Loan-to-Value Ratio 0.682 0.079 8.591 0.000
CREDITSPD AAA-BBB Bond Spread -0.109 0.006 -19.995 0.000
log(ORIBAL) Loan Amount 0.134 0.057 2.366 0.018
HPI_STDEV  House Price Index Volatility 0.001 0.001 1.581 0.114
SIG_GS1 Interest Rate Volatility -0.230 0.031 -7.454 0.000
YLDCURVE Yield Curve Slope -0.478 0.018 -27.133 0.000
qz Non-judicial, No Deficiency -0.026 0.005 -5.180 0.000
gs Judicial & Deficiency 0.013 0.003 3.785 0.000
g4 Judicial, No Deficiency -0.039 0.020 -1.971 0.049
QTR95_1 1% Quarter 1995 0.441 0.032 13.623 0.000
QTR95_2 2" Quarter 1995 0.400 0.024 16.941 0.000
QTR95_3 3" Quarter 1995 0.158 0.016 10.055 0.000
QTR95_4 4™ Quarter 1995 0.207 0.016 13.364 0.000
QTR96_1 1% Quarter 1996 0.130 0.019 6.776 0.000
QTR96_2 2" Quarter 1996 0.201 0.017 11.619 0.000
QTR96_3 3" Quarter 1996 0.197 0.015 12.814 0.000
QTR96_4 4™ Quarter 1996 0.237 0.013 17.840 0.000
QTR97_1 1% Quarter 1997 0.103 0.012 8.563 0.000
QTR97_2 2" Quarter 1997 0.098 0.009 10.760 0.000
QTR97_3 3" Quarter 1997 0.040 0.006 6.459 0.000
SOUTH 1=Located in South Region -0.025 0.004 -6.212 0.000
MIDWEST  1=Located in Midwest Region 0.004 0.004 1.046 0.295
WEST 1=Located in West Region 0.025 0.005 4.711 0.000

A Inverse Mill's Ratio 0.039 0.005 7.381 0.000
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