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H
istorically aggregate residential

mortgage debt in the United
States has shown significant long-
term growth, driven by secular

upward trend in the number of households,
incidence of home ownership, housing price,
and loan to value ratio or leverage in buying
homes. However, most oi these variables move
too slowly to explain the substantial year to
year variation of aggregate residential mort-
gage debt around its secular growth.The pur-
pose of this paper is to examine empirically if
the annual variations can be explained and pre-
dicted by well-known factors in fmancial asset
pricing along with housing price intormation.
On the basis of annual data for the 1955-20(12
period, we find that the financial asset pricing
factors are indeed important drivers of year to
year variation in the growth of residential
mortgage debt.

According to the 2005 Economic Report
of the President, there was about $10.1 tril-
lion of mortgage debt outstanding against farm
and nonfarm properties in the U.S. at the end
of the third quarter of 2004. Of this total, a
staggering $7.8 trillion ot mortgage debt was
against single family {1 to 4 family) homes.'
This is more than the $7.4 trillion of U.S.
Treasury Securities outstanding at the time.
The enormous growth in mortgage debt has
in turn led to massive debt financing and secu-
ritization by Federal Housing Agencies. At the
end of the first quarter of 2005, S5.6 trillion
of mortgage-related securities topped the

outstanding debt securities tracked by the Bond
Market Association and there was about
$2.7 trillion of (Federal Housing) Agency
Securities primarily to finance their retained
portfohos ot mortgages."

The staggering size and growth of mort-
gage debt and the associated securities have
important risk implications. The borrowing
households have clearly become vulnerable to
unfavorable income, interest rate, and housing
price shocks,^ while the likelihood of such
shocks seems to be on the rise as well. Although
the U.S. economy continues to grow at a decent
pace, surging energy' prices and potential slow-
down in global growth spots such as C'hina and
Asia in general raise the possibility of an eco-
nomic slowdown in the U.S. Meantime, to fend
off long-term inflationary pressures, if the Fed-
eral Reserve continues to tighten liquidity, the
long-term interest rates may ultimately follow
the short term rate increases. Some also argue
that the fast and continued pace of housing
price appreciation in the USA is starting to
resemble a bnbble like situation with an even-
tual correction down the road.

Besides the undesirable consequences for
the households, policymakers including those
at the White House and at the Federal Reserve
are also quite concerned about the systemic risk
posed by the fast pace of growth in the mort-
gage portfolios retained by the Government
Sponsored Enterprises (GSEs) such as Fannie
Mae and Freddie Mac, and the highly leveraged
funding of these portfolios."* To manage the high
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concentration ot market, credit and leverage risks, these
enterprises routinely engage in large derivative trades. In a
turbulent financial market, such large trades may either
become infeasibie, leading to insolvency risk tor these insti-
tutions, or destabilize other financial market participants
acting as counterparties.

Given the overwhelming implications ofthe growth
ot aggregate household mortgage debt, it is naturally
important to e.xplore what drives this growth. Demo-
graphics, long-term income or economic growth, and
household preferences for home ownership are impor-
tant factors behind growth in mortgage debt over long
spans of time.'̂  Accordingly, companies such as Fannie
Mae and Freddie Mac use a macro structural approach to
project the longer term growth ofthe mortgage tnarket.''
However, the structural factors do not change appreciably
over shorter periods of time such as a year while mort-
gage debt growth does show ample annual variations.
From the perspective of businesses engaged in mortgage
financing, investment, and securitization, the annual vari-
ations in the aggregate mortgage debt outstanding are
equally important, if not more. For example, suppose a
corporation such as Fannie Mae maintains its market share
and margins.Then the changes in the size of its portfolio,
liabilities, and risk management positions, and its dollar
profitability in a given year are expected to be intimately
linked to the growth in aggregate mortgage debt in that
year. For policymakers engaged in active macroeconomic
management, it is also the annual variations that are of
interest. If cooling down the housing market (and the
mortgage debt market) is one ofthe intended conse-
quences ofthe current Fed tightening cycle, then the tar-
geted variable is likely the shorter term growth in this
market, rather than its longer term growth.

CJiven the corporate and public policy management
implications o( annual variations in the mortgage debt
market, surprisingly there is no published research on this
topic that we arc aware of/ In this paper, we initiate pub-
licly available research in this area by an empirical exam-
ination of what drives the annual variations in the growth
of Aggregate Single Family {SF) Mortgage Debt Out-
standing (MDO) or Unpaid Principal Balance (UFB).
Our expectation is that the year to year dynamics ofthe
mortgage debt outstanding is primarily a fmancial rather
than a structural phenomenon. If fmancial markets
including the mortgage related claims are integrated, then
there will be some overlap of factors driving the dynamics
in these markets. Further, it is the financial factors that
exhibit sufficient year to year variations and as such have

the potential to explain similar variations in the aggregate
mortgage debt outstanding. Accordingly, along with
housing price change, we have chosen three key pricing
factors from the fixed income market that are known to
be important in asset pricing and asset allocation deci-
sions.*̂  These are the interest rate level or the level ofthe
Treasury yield curve, the term premium or the slope of
the Treasury yield curve, and the default risk premium of
corporate bonds.'' Since these variables are empirically
persistent, and the trends in these variables are closely
watched in the financial world, we include them as well
along with the lagged value of mortgage debt growth.

Our regression results, with R- in excess of 75%,
suggest that the interest rate level, the default risk pre-
mium {and its trend), and the housing price change are
significant drivers of annual MDO growth, but the term
premium is not.As expected,lower interest rate level and
stronger housing price appreciation accelerate growth in
mortgage debt thK)ugh increased production of new mt)rt-
gages and cash out refinancing. The effect of corporate
dehuilt risk premium is not clear a priori; empirically we
find that an increase in the default risk premium boosts
growth in mortgage debt, but an upward trend in the pre-
mium seems to dampen the growth m mortgage debt.
This supports the view that an increase in the price of
default risk leads to a substitution away from corporate
debt to household mortgage debt; however, a continued
increase in the price of defluilt risk may signal pervasive
credit concerns and hence dampens the growth of mort-
gage debt. Overall, our results imply that the short term
growth of aggregate residential mortgage debt is prima-
rily a financial {fixed income) market rather than a struc-
tural or demographic phenomenon. Accordingly mortgage
financing businesses and policymakers should focus on
fixed income pricing barometers and shorter term housing
price praspects in assessing the immediate risks and returns
associated with mortgage debt growth.

The rest of this paper is organized as follows. First, we
describe the methodology of our investigation and the data.
Second, the empirical results are presented, and a summary
and conclusions are given in the subsequent sections.

METHODOLOGY AND DATA

Traditionally, mortgage institutions such as Freddie
Mac and Fannie Mae have used a structural approach to
forecasting aggregate mortgage debt. In the structural
approach to MDO/UPB Growth, one would model
demand and supply related variables {such as household
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torination, incidence ot home ownership, housing starts
and completions, home financing leverage, mortgage rate,
and housing price growth) in terms of macroeconomic
(tor example, GDP growth. Quarterly Average Employed
C îvilians over 25), demographic (tor example, immigra-
tion, population entering work force), and mortgage and
tniancial market barometers (tor example, Freddie Mac's
PMMS 30-year Fixed Rate, Weighted Average Coupon
on Freddie Mac's 30-Year Fixed Rate Portfoho, Real S&P
Rcruru). These in turn determine the growth of
MDO/UPB .u the aggregate market level. It seems likely
that fixed income market and house prices would have
good correlation with many of the demand and supply
variables, and as such would pick up similar influences
albeit m a reduced form.

Using fixed income prices to explain or forecast
MDO has the additional advantage that exchange-traded
and OTC derivatives on fLxed income instruments are more
readily available. Regression equations linking tlie MDO/
UPB Growth and fixed income prices can thus be helpful
in evaluating related contingencies and corresponding risk
management strategies using the fixed income derivatives.
Further, liquid market for fixed income derivatives allow
implying market predictions of future fixed income prices
or parameters, which in turn can be incorporated in
MDO/UPB Growth prediction/simulation.

While there could be ecouometricaUy sophisticated
techniques and elaborate structural models that may yield
better estimation results, we wish to analyze the annual
growth of Single Family Mortgage Debt Outstanding
(MDO), sometimes referred to as Unpaid Principal Bal-
ance (UPB), in the simplest and most parsimonious fashion
using fixed income and housing price related variables
alone. This is meant to target the broadest possible audi-
ence, including senior management, regulators, and policy
makers of mortgage business, and also to keep potential
forward simulation applications at a manageable and cost-
etFective level. Accordingly our primary tool of analysis is
multiple linear regression of the annual growth rate
(MI)OG) of MDO on a few fixed income and housing
price related variables. To understand the relationship of
these variables to the MDOG, contemporaneous values
of the fixed income and housing price related variables
are used as explanatory variables or regressors. For pro-
jection or forward simulation purpose, on the other hand,
one period (year) lagged values of the fixed income and
housing price related variables are used as predictors. Addi-
tionally, the lagged value of mortgage debt growth is
included in the choice of both explanatory variables and

predictors. As we shall see in the descriptive statistics later,
the growth rate exhibits a high level ot serial correlation
even at the annual frequency.

The contemporaneous linear regression model
(explanatory behavioral equation} and the lagged linear
regression model (predictive behavioral equation) are as
follows:

MDOG(f) = a + j3, MDOG(r - 1) +
+ /3,TSLOPE(0 + Al nRP(f) + ft HPAG(O +
/3, T10Y_TR(f) + ^7 TSLOPE_TR(0 + )3H
DRP_TR(O + (3.> HPAG_TR(O + E{t) (1)

MDOC;(f) =
- I) + -
HPAG(f - \) +
TSLOPE_TR(f -
HPAC;_TR(? - 1)

MDOG(/ - 1) +
- 1) + 74 DRP(f - 1)+ y^

u T1()Y_TR(/ - 1) + T?
+ 7H DRP_TR(f - 1) + 7v
('(0 (2)

Where

MDOC;(/)

MDOG(f- 1)

T]()Y(O

TSLOPE(0

i:)RP(O

HPAG(O

TIOY_TR(0

TSLOPE_TR(f)

DRP_TR(O

HPAG_TR(O

s{t),e{t)

: Growth rate of SF Mortgage Debt
Outstanding, from f — 1 to r

: One period (year) lagged value of
MDOG

:Yield to Maturity of Constant
Maturity lO-year Treasury

: Slope of the Treasury yield curve
estimated as the spread ofTl OY over
the 3-month Treasury Yield

: Default Risk Premium estimated as
the yield to maturity spread of
Moody's Aaa and Baa rated corpo-
rate bonds

: Growth rate of U.S. National
Housing Price

:T10Y(f) - |().5T10Y(r - 1) + 0.5
T10Y(f- 2)1

:TSLOPE(r)-[0.5TSLOPE(f- 1)
+ ().5TSLOPE(f-2)|

:DRP(/) - [0.5 DRP(f - 1) + 0.5
DRP(/ - 2)1

: HPAG(O - [0.5 HPAG(r - 1) + 0.5
HPAG(r - 2)]

: Regression error

A more detailed description of the variables and
their source are provided in Exhibit 1. The National
Housing Price growth data covers the period 1950-2002
and was compiled by some Freddie Mac researchers using
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E X H I B I T 1

Variable Description and Source

MDOG:The Annual Growth Rate of Total Single Family Mortgage Debt Outstanding. The variable is pcrcontaj;!..- change m the
End ot ycarTotal iMortgatie Debt Oiitstandiiij;; on I- to 4-tjmily IIUUSL'S. (invcniincnt Underwritten (FHA Insured,VA Guarantee) plus
Conventional. SOURC: Conntil of Economic Advisers: Economic Keport of the President, 2005, EXHIBIT B-75: M<irtj;Lî e debt out-
standing by t\'pe ofpropern,' and offiiuncnig. l')4''-2O()4. Source website for tins variable is http://ww\v.gpoaecess.^ov/cop/Exliibits(l5.htinl.

3MTBY; 3 Month US TREASURY BiU Rate;The variable is Yield Percent per Annum (bank-discount basis) on new issues of^M Trea-
sury 13ilh. Source: Council of Economic Advisers: Economic Report of the President, 2(K!5. EXHIBIT B-73: Bond yields and interest rates.

Source website for rhis variiible is bttp://w\vw.gpoaccess.gov/eop/Exhibits()5.htm!.

TlOY: 11) yê ir (Ainstant Maturity Treasury Rate: The variable is based on Yields on the more actively traded issues adjusted to constant
maturities by the Department of the Treasury. Source: C'ouncil of Economic Advisers: Economic Report of the President, 2005, EXHIBIT
B-73: Bond yields and interest r.ites, l')2y-2()l)4- Source website for this variable is http://wwvv.gpo:u'ccss.gov/eop/Exhibits05.hinil.

TSLOPE:Term Structure Slope: It is the spread ofTlOY over 3MTBY

DRP: Delault Risk Premium: This variable is die spread between the yields of corporate bonds rated Baa and Aaa by Moody s. Source:
tAJuncil ofEcononiic Advisers: Economic Report of the President, 2005. EXHIBIT B-73: Bond yields and interest rates, 1929-2004. Source
website for this variable is http://wwvv.gpo:iccess.gov/eop/Exhibitsn5.html.

HPAG: The Annual Cirowth Rate of US House Prices, Source: Freddie Mac. based on information from E. H. Boeekh and Associates, BLS,
Census Bureau, and Ereddie Mac. This variable is the percentage change in the US National Housing Price Index. It is different from the
index CMHPI regularly published by Ereddie Mac, but is highly correlated with the CMHPl National Series over the common period
when both indices are available.

T10Y_TR: Recent time trend otTiOY, measured as the current level ofTldY less the aveiaije level for the last two years. A positive value
is symptomatic of an upward trend in interest rates. An increase inri(IY_TR means that TlOY is increasing faster than its lagged average
(acceleration in the pace ot interest rate increase).

TSLOPE_TR: Recent time trend olTSLOPE, measured as the current level olTSLOPE less che average level for the last two years. A pos-
itive value is sympcomatic of a steepening yield curve. An increase inTSLOPE_TR means thatTSLOPE is increasing faster than its lagged
average (acceleration ni the steepening of yield curve).

DRP_TR: Recent time trend of DRP. measured as the current level of DRP less the average level for the last two years. A positive value
IS symptomatic of a widening default spread. An increase in DRP_TR means that DRP is uicreasing taster than its lagged average (acceler-
ation in the widening of detank spread).

HPAG_TR: Recent time trend ot HPAGR, measured as the current levti of HPAGR less the average lt-vei for the last two years. A posi-
tive value IS symptomatic of accelerating housing price growth. An increase in HPAC._TR means that HPAC; is increasing faster than its
lagged average.

various sources. This housing price (HI^A) scries is not

the same as the widely published C^MHI'I {Conventiotial

Mortgage Home Price Index) National Index series of

Freddie Mac, which is a weighted average of the nine

Census division indices.'" Unfortunately the CMHPl data

extends back to 197(1 only atid as such does not provide

enough data points tor an examination of the annual

growth in MDO. Fortunately, over the 1971—2002 period

when both CMHPl data and the HPA series are avail-

able to us, their correlation is 0.94 and the average differ-

ence in annual national housing price growth rate is quite

small at 13 basis points."

All data for the fixed incotne market was obtained

from the 2005 Economic Report of the President

available at the website of tbe Federal Reserve Board.The

annual data for the constant maturity 10-year Treasury

yield is available from 1953 to 2004. The 3-nionth new

issue Treasury yield, used in calculating tertn premium,

starts in 1949 and ends at 2004; Moody's Aaa and Baa cor-

porate bond yields, used for calculating the default risk pre-

mium, are also available for the same period. Although

the data for aggregate mortgage debt also starts in 1949,

It ends in 2003.

The earliest year tor which the raw data is available

tor all the variables is 1953 and the latest year is 2002.

Further, the calculation of the trend variables involves two

lags. Accordingly, the regression equations (with lagged

dependent variable) are estimated using the 1956-2002
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period, and the summary statistics tor the key variables
are based on the 1955—2002 period.

In our regression models, the variables TIOY,
TSLOPE, and I )RP are intended to capture the contem-
poraneous fixed income market environment while HPAG
proxies for the countrywide housing price situation.The
variables with T R extension are intended to describe the
trends in the corresponding fixed income and housing
price variables.

The variable TIOY is chosen to represent the effect
of general level ot interest rates on mortgage debt growth.
We expect ^2 '^ 0, as potential shoppers are less enthused
about home buying, moving upscale or refinancing at higher
interest rate levels, other things remaining the same. Higher
interest rate levels may also induce a household portfolio
substitution effect away from borrowing to investing (in
bonds).Although other points on the Treasury Yield Curve
can be chosen to represent the interest rate level, we prefer
the lO-year rate since it is a widely quoted and referenced
midpoint with a corresponding liquid swap market as well.
Longer term fixed mortgage rates are typically benchmarked
againstT10Y,and it is also the key rate in the model for the
Risk Based Regulatory Gapital for housing finance enter-
prises, Freddie Mac and Fannie Mae.

A one-factor interest rate model is often cited as
inadequate to describe the dynamic behavior of fixed
income prices. Among other things, it has the unrealistic
property that all interest rates are perfectly correlated.The
slope of the term structure, TSLOPE, is selected here to
model the additional effect ot interest rates on mortgage
debt growth. We expect ^^ > 0, as borrowers may find it
attractive to buy or refmance (favoring perhaps mid range
maturity) and leverage their home investments at a time
when the yield curve is relatively steep, other things held
the same.This could be based on expectation of rates (and
inflation) going up. Practitioners often interpret a steeper
yield curve as a sign of better economic times ahead and
as such lenders may feel confident in providing more
mortgage debt in anticipation of sustained income growth
of the borrowers while locking in a wider profit spread.'"'
Further, with a steeper yield curve, depository institutions
fmd it more enticing to increase their mortgage invest-
ment to lock-in attractive interest spread.'^

Although the Treasury term structure undoubtedly
embodies important aspects of fixed income pricing envi-
ronment, it does not capture the default or credit risk struc-
ture of interest rates. Previous studies have found default
risk premium ot corporate bonds as an important eco-
nomic factor driving asset prices.The inclusion of the vari-

able DRP is an attempt to see if default risk pricing also
impacts the growth of the mortgage debt market. High
DRP tends to deflate corporate security prices and the
growth ot- such claims as relatively higher level of concern
about corporate financial health and/or the value and liq-
uidity of corporate assets keeps lenders at bay from cor-
porate lending. It is possible, although not clear, that
income-oriented but credit-concerued lenders such as
depositories and pensioners/pension funds/insurance com-
panies may be more aggressive in seeking secured (and
easier-to-possess collateral) lending such as mortgage
lending.'"*This potential supply effect leads us to expect /34
> 0, i.e., a beneficial etTect of high corporate DRP on
home mortgage debt growth, of course other things held
constant.A positive demand etTect is also possible as credit-
concerned household investors may substitute away from
corporate investing to home ownership. On the other
hand, if high DRP represents pervasive pessimism about
the economy and broader asset markets, then the influ-
ence may be negative on mortgage debt growth.

The expected effect of relatively high (low) rate of
housing price appreciation (depreciation) on mortgage
debt growth is clearly positive (̂ 3̂  > 0) and is empirically
well established.

Let us now discuss the expected inarginal effects of
the trend variables.The inclusion of trend variables is moti-
vated by the fact that economic fundamentals often exhibit
slow moving trends. As borrowers/lenders mull over the
mortgage loan decision, they might find it useful in their
decision making to place the current economic environ-
ment in the context of recent evolution of this environ-
ment.'^ A low interest rate now does not necessarily mean
that now is the best time to buy or refinance a home if the
rate trend shows that the rates could fall further, of course
other factors remaining the same. Thus, we would nt)t be
surprised if we fmd j3f, < 0. If the upward (downward)
momentum of rates get stronger (weaker), that is the posi-
tive (negative) gap between the current rates and their
recent levels widen (shrink), borrowers may be reluctant
to commit to higher household debt and instead wait for
mean reversion. Of course, the opposite etlect cannot be
ruled out either if home borrowers rush to borrow in fear
of fast escalation in the already rising borrowing cost.

When it comes to the yield curve steepening faster
(flattening slower), i.e., higher value for TSLOPE_TR,
home buying/refinancing may pick up hoping to lock-
in longer-term rates. If the yield curve is steepening slower
(flattening taster), mortgagors may just wait for better
longer-term rates. This suggests pj > i). However, this
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etiect presupposes a preference bias t)ti the part of home
buyers/borrowers for longer-term rates and it is not clear
why such term preference should continue to hold.

Although we have argtied that a higher level of cor-
porate default premium may spur ML)C)/UPB growth
because of aggressive supply of mortgage loatis from the
lenders, the opposite may be expected when the default
premium is rising faster {higher DRP_TR) or tailing
slower. Such a situation may indicate the possibility ot
corporate woes spreading to consumers, hnancials,, and
other sectors ofthe economy. In other words, the corpo-
rate default risk premium widening faster (narrowing
slower) may create a widespread lack of conftdence in the
economy going forward. Naturally both home borrowers
and mortgage lenders/investors would be cautious under
such circumstances, leading to a negative effect {(3^ < 0)
on MDO/UPB growth.This argimient relies on the trend
in corporate default premium as a barometer of confi-
dence in the hiturc ot tlic broader ecoiioniy.This linkage
may or may not liold in a strong tashiou.

Lastly, ;>(-~celeration in housing price appreciation,
that is higher HPA(j_TR, may or may not bode well
for the growth of mortgage debt. Momentum buyers/
borrowers/investors may continue to push np the mort-
gage debt while the contrarians could be teartul ot a
btirsting bubble and may be looking for an exit frotn
mortgage debt.The net effect {sigti ot j8i,) remains pri-
marily an empirical question.

EMPIRICAL RESULTS

In this section, we first present descriptive statistics
on the variables.This is followed by the discussion of con-
temporaneous (explanatory) and lagged (predictive) regres-
sion results.

Summary Statistics on Data

The available data tor the mortgage debt growth and
fixed income market and iiousing price variables are pre-
sented in Exhibit 2, and their summary statistics and cor-
relations for the common period of 1955-2002 are reported
in Exhibit 3. Mortgage debt has grown at an average annual
rate of 9.700% duritig the sample period (1955-2002) and
was always positive. However, the standard deviation (3.235)
and the range (4.348% in 1982 to 17.584%, m 1977} indi-
cate that the growth rate can be quite irregular and
extreme."'This can also be seen in the time series plot ot
the mortgage debt growth in Exhibit 4.

The early 1950s saw some historically high double
digit growth in mortgage debt, which however tapered of}
during the late 1950s. During the sixties, mortgage debt
growth was below average hitting a bottom in 1970.The
growth rate had a general upward trend during much of
the seventies reaching the highest ever pace in 1977.The
sharp deceleration during the 1978-1982 led to a new
bottom in 1982.While the growth pace picked up some-
what dtiring the mid-eighties, mortgage debt growth
remained below average till 1 998. A phase ot acceleration
starting in 1998 pushed the growth rate above the histor-
ical average in 1999, and to double digit growth iti the
years 2002 and 2003.

During our sample period, the bell-weather 10-year
Treasury rate has averaged to 6.81<S%t, the yield curve has
sloped upward by 131 basis points on average, the average
corporate default risk premium (Baa-Aaa) was about 96
basis points and nationally house prices have appreciated at
an average annual rate of 4.956%:. Once again the standard
cieviations and the lows and highs indicate substantial vari-
ation around the historical average for all the variables.

Looking at the simple pairwise correlations, housing
price growth (HPACI) has the highest simple contempo-
raneous correlation (0.49) with mortgage debt growth, as
one would tiormally expect. However, somewhat surpris-
ingly, the correlation between mortgage growth and the
fixed income prices (T10Y,TSLOPE,and DRF) appears
weak. Moreover, the positive sign of the correlation
between rate level (T10Y) and mortgage growth is also
counterintuitive.

One, however, needs to be careful m interpreting
the simple correlation coefilcients.There are some strong
pairwise correlations among the tixed income and housing
price variables. This could play a nontrivial role in dis-
guising the marginal (abstracting trom joint influences)
relationship between mortgage debt growth and any ot
the other variables.

The first-order serial correlation (autocorrelation)
coefficient of 0.725 for mortgage debt growth confirms
persistence in its dynamic behavior and supports tlie inclu-
sion ofthe lagged dependent variable in the regressions.The
level of persistence in the tixed income and housing price
variables is also high, indicating slow moving trends in
broader economic fundamentals. Since one of our objec-
tives is to maximize co-movement of explanatory variables
with mortgage debt growth, possibly for forward simula-
tion applications, we stick to the linear regression method
although co-integration and error cora'ction method is per-
haps more appropriate to model jointly trending variables.

26 DRIVFRS OF U S MonTAcr DrBT GKOWTII SUMMtk 2006





E X H I B I T 3
Summary Statistics and the Correlation among the Annual Growth of US Aggregate Single Family Mortgage
Debt Outstanding, and Fixed Income and Housing Price Variables, 1955-2002

Summary Statistics for I955-2(.)(I2

A'

M 0,111

Std. Dev.

Mill

Max

MDOG

48

9.700

3.235

4.34S

17.5H4

TlOY

48

6.8 IK

2.638
2.820

13.910

TSLOPE

48

1.313

1.056

-O. f .Ol

3.560

DRP

48

0.960

0.405

(1.380
2.320

HPAG

48

4.956

3.273

0.700
14.300

Correlation Matrix

MDOC;

TKIY

TSLOPE

DRP

HPAC;

TiUYTR

TSLOPETR

ORPTR

HPAtiTR

Serial Correlation

MDOG

1.0(10

0.054

0.(157

0.070

0.485

-n.lOO

-1 ^192

-0.320

0.211

0.725

TlOY

l.Ddd

0.184

0.800

0.398

0.184

0.117
0.079

-0.313

0.930

TSLOPE

1.000

0.307

-0.180

-0.572

0.656

-0.225
-0.147

0.541

I^RP

1.000

0.306

0.067

0.482

0.437

-0.471

0.773

HPAC

1.000

0.201

-0.231

0.102

0.386

0.81S

TlOYTR

1.000

-0.192
0.401

-0.183

0.417

TSLOPETR

1.000

0.325

-0.433

()..iO3

DRP'IR

1.000

-0.383

O..i3S

HPACSTR

1.000

0.322

This Exhibit contains summary statistics and the pair wise simple correlation coefficients and autocorrelation coefficients for the Jo
variables: MDOC, Crowth rate of SF Market MDO;T1()Y,Yield to Maturity of Constant Maturity l()-YearTrea.^iiry;TSLOPR, Slope of theTreasury yield
ctm'e estimated as the spread of TlOY oi-er the 3-Month Treasury Yield; DRI^ Default Risk Premium e.<itimaicd as the yield lo maturity spread of Moody's Aaa
and Baa rated Corporate Bonds; HPAC, Crowth rate of US National Housing Price.

Source: Federal Resenr Board and Freddie Mac Financial Research.

autocorrclation.Viilues of around 1.1) tor Durbin s H in all
the regressions suggest that we are not able to reject the
null hypothesis of zero residual autocorrelation.

Our discussions (given later) for the statistical sig-
nificance ofthe slope coefficients use a 5% signihcance
level.The slope coefficients that are significant at the 5%
level are highlighted in the corresponding Exhibits.

Exhibit 5 reports the linear regression results for the
contemporaneous (explanatory) equation estimated over
the 1956-2002 period. Several observations are note-
worthy about these results. First, the fixed income and
housing price variables along with the lagged dependent
variable explains more than four-fifth (84.20%) ofthe
time variations in the mortgage debt growth rate.''' A
visual inspection ofthe actual and fitted values of mort-
gage debt growth in Exhibit 6 confirms the goodness of
this fit.Therefore,the contemporaneous explanatory power
ofthe fixed income and housing price variables appears
excellent.

Second, the variables that are significant (highlighted)
at 5% level are the rate level (TlOY), corporate default
premium (DRP), housing price growth (HPAG), trend
in corporate default premium (D1<.P_TR), and lagged
mortgage debt growth (LAGMDOG). Interestingly, the
term premium or yield curve slope does not seem to have
important bearing on mortgage debt growth. In other
words, it is the level and not the shape ofthe yield curve
that is most consequential tor the short term (annual)
growth of mortgage debt.

Third, as expected the rate level has a negative impact
on mortgage debt growth. Roughly speaking, tor every
100 basis points movement in the bell-weather 10-year
Treasury' rate, mortgage debt growth moves in the oppo-
site direction by about 73 bps.

Fourth, in contrast, for every 100 bps move in the
corporate default premium, mortgage debt grows in the
same direction and by an enormous magnitude of 398
bps (536 bps in the 6-variables model).The direct (posi-
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E X H I B I T 4
Annual Growth of U.S. Aggregate Single Family Mortgage Debt Outstanding 1950-2003

This chart shows the Aririu.il Growth Rate of U.S. Aggregate Single Family Mortgage Debt Outstanding (MDOC) for the l')3(l-2003 period.

1950

MDOG

I960 1970 1980 1990 2000

Year

MDOG

Source: Federal Reseriv Board.

tive) marginal effect lends support to the supply and
demand effects induced by lenders/household investors
{concerned about corporate future) substituting away from
corporate investing to home lending/ownership. In other
words, to the extent credit concerns are localized {not
pervasive throughout corporate and household sectors),
home mortgage offers a popular (credit) risk shifting
mechanism. However, to the extent acceleration in cor-
porate default premium {higher DRP_TR) embodies
pervasive credit concerns, its adverse effect {negative coef-
ficient) indicates home mortgage loses its risk shifting
benefit in such circumstances.

Fifth, as expected, housing price growth has a ben-
eficial impact on mortgage debt growth. However, the
marginal impact on mortgage debt growth is only 54 bps
for every l(.)0 bps extra in housing price growth. Also,
sharper acceleration in housing price growth {higher

HPAG_TR) affects mortgage debt growth negatively.This
suggests that contrarian feelings may dominate momentum
effects when housing prices start rocketing.

In summary, fixed income and housing price vari-
ables do explain a major portion of time variation in
annual mortgage debt growth. Among these pricing vari-
ables, the corporate default premium, representing the
credit risk pricing seems more consequential for mortgage
debt growth than either the interest rate level, yield curve
slope {term premium), or the housing price growth.

MDO/UPB Growth Equation:
Lagged (Predictive)

Our previous analysis did shed light on what fixed
income and housing price variables {explanatory behav-
ioral equation) help explain contemporaneous variation
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E X H I B I T 5

Explanatory or Contemporaneous Linear Regression Results for the Annual Growth of the U.S. Aggregate
Single Family Mortgage Debt Outstanding, 1956-2002

Variable
LACMDOt;
TlOY
TSl.OPF.

HPAC;
TIOYTR
TSLOPETR
DRl'TR
HPAC;TR
CXINSTANT

^ 1

ft
ft
ft

fl,
ft
ft
^•>

a

Estimated ("oofticicnt

0.51S6
-0.7562

0.1267
4.262(1
0.5125

-0.1663
0.092(1

-6.0514
-0.2695

3.0570

SraTulard Frror

0.0751
0.2225
O.3or)4
l.t^|9()
0.1003
0.209(1
0.3255
1.1450
0.13K3
0.94K5

7-Ratin.'^7l)F^

6.9060
-3.3990

0.413.5
2.3430
5.1120

-0.7956
0.2827

-5.2H5O
- t . 9 4 9 O

3.2230

/*-Vahk-

0.0000
0.002(1
0.6K20
0.02.50
0.01)00

0.4310
0.7790
0.0000
0.0590
0.01)30

nUs Exhibit reports the linear re^i;ression results lor ihe .^lnntlJl (,roii'!li oj ( \S .-Iijiifiiiiii/c Sini^le ianiily
Mort^'ja_i>e Debi Oiitstandiiiiy (.MDOG) in terms of conteniporafieoiis IVI/KC.V of I'ariiibles from the I'ixed
income and iionsinii .Markets plus the I-year Ltii^^ied I'ahie ol .MD(Xi:

MDOGO) =a +^,.MDOGit- 1) + ^,TWY(t) + ^,TSLOPE(t> + ^, DRPlt) + ^. HPAG(il
+ ^,JIOY_TR(t) + ^:TSLOPE_TR(tj + p« DiiP_TR(t) + p , HPAG_TR(t) + E(I)

n'herc MDOGf!). Growth rate ofSF Market MDO; MiX)G(t ~ 11, One period (year) laj^ed value of
MDOG, named LM',.MDOG;'r!()Y(t),Yield lo Maliirily of Constant Mahirity I O-Year'treasury:
TSLOPE(t), Slope oj the Treasury yield curve estimated as the spread of'i'lOY over the }-.Month 'I'rea-
suryYield; DRP(t), Default Risk Premium estimated as the yield lo maturity spread of Moody's Aaa and
Baa rated corporate bonds; HPAG(tj. Growth rate oflLS National Housin^^ Price\TWY_TR{tj.TWY(t}
~ lO.5rU)Y(i (!) + U.5riOY(t - 2}l;TSLO'PE_TR(i).TSLOPE(t) - l(t.5TSL()PE(t - 1) +
0.5TSLOPEft (2}]; DRP_TR(t). DRP(t) - 10.5 DRP(t - I) + 0.5DRP(t - 2)l;I!PAG_TR(0.
HPAG(I) - jO..'i HPAG(t - 1) + fJ..̂  HPAGd - 2ll;e(lj. Rix-rra/d;; error.

R-, H4.l)S%:Adj R-', H().21%: Durhw H, 0.H769: Residual Autoa>rrelanon. I). 1097.

Source: Federal Reserve Hoard and ireddic Mtw Financial Reseanh.

ill mortgage debt growth. For practical applications such
as prediction or forward simulation, however, it would be
more convenient it lagged values ofthe driving variables
(predictors) can be used.To this end, we report in Exhibit
7 the regression results of Equation (2), where one period
(year) lagged, instead of contemporaneous, values ofthe
fixed income and housing price variables are used along
with the lagged dependent variable.

Several noteworthy points arc as follows. First, the
explanatory power ot the lagged (predictive) equation is
nearly as strong (78% versus 84%) as the contempora-
neous (explanatory) equation discussed previously. Plot-
ting the actual and predicted values ot mortgage debt
growth using Equation (2) visually shows how closely the
projections track the actual values most of the times
(Exhibit 8).

Second, the rate level, the corporate detault pre-
mium, and the housing price growth along with the lagged
dependent variable continue to be significant. Aniong the
trends in variables, as before, only the trend in default risk
premium is significant.

Third, the signs ofthe marginal impacts ofthe rate
level, the corporate defliuk premium, and the housing price
growth remain unatTected, switching h'om tlie explanatory
(contemporaneous) to the predictive (lag) version. Only
the magnitude ofthe marginal impact of housing price
growth drops noticeably (by about 20—23 bps).

Lastly, the corporate detault premium remains the
most consequential even with a lag considering the mar-
ginal impact (643 bps) ot a 100 bps move in a hxed income
or housing price variable.This further attests to the impor-
tance of corporate credit risk pricing for mortgage debt
growth.

The estimated predictive equation mentioned ear-
lier uses nine predictors, including tlie lagged dependent
variable. However, for practical purposes, it may be usetlil
to have a more parsimonious regression model. To this
end, we estimate the tollowing regression equation

MDOG(0 - (/> + y, MDOG(f - 1) + y,Tl()Y
(f - 1) + r,TSLOPE(f - 1) + 74 DRP(/ - 1) +
73 HPAG(f - 1) + TK nRP_TR(f - 1) + u(t) (3)
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E X H I B I T 6

Annual Growth of U.S. Aggregate Single Family Mortgage Debt Outstanding and the Fitted Values from the
Explanatory or Contemporaneous Linear Regression, 1956-2002

This (.-hart shows the Annual Cirowch of US A^j^rcgatc Single Family Mortgage Debt Outstanding (MDOC;) LHKI its fitted valu
(FITTED_CONTEM['t)RANEOUS) from the following contemporaneous regression equation
MDOt;(f} - tt + )3i MlXX;(f - 1) + )3.TlOY(0 + /3,TSLOPE(0 + 13,1)RP(O +

p, HPAG(O + /3,,TIOY_TR(0 + ;37TSLOPE_TR(r) + ft DRP_TR(f) +
13., HPA(;_TR(/) + e{t)

Where
MnOCi(f> : Growth rate ofSF Market MHO
MIXXi(f - 1) ;One period (year) lagged value ofMDOti
TIOY{f) :Yield to Maturity of Constant Maturity 10-year Treasury
TSL()PE(r) ; Slope of the Treasury yield curve estimated as the spread ofTlOY over the 3-month Treasury Yield
l)RP(f) : Default Risk Premium estimated as the yield to maturity spread of Moody's Aaa and Baa rated

corporate bonds
HPAG(O : Growth rate of U.S. National Housing Price
TIOY_TR(0 :T10Y(f) - [O.5T1()Y{/ - I) + O.ST1OY(( - 2)|
TSLOPE_TR(!) :TSLOPE(0 - |0.5TSLOPE(f - 1) + 0.5TSLOPE(f - 2)J
DRP_TR(f) :DRP(f}-lO.5DRP(f- 1) + 0.5 DRP(/ - 2)|
HPAG_TR(O :HPAG(O - |(l.5 HPAG(f - 1) + 0.5 HPAG(r - 2)]
£(t) : Regression error

The last charted point is for 2002.The regression equation is estimated over 1956-2002.

V
4—>

o
u

I I I I I

^ a^ c. q}^ q^ <:s O> o. Q, S r^ c

Year

•MDOG — •* — I'TrrHD CON'i'F-MPORANEOUS

The variables chosen here are the ones we have
tbund significant in Equations (1) and (2). For the sake of
completeness and for use in other related tixed income
applications, we have also included the term premium
(TSLOPE) although we did not find this variable to be
significant.

A couple of noteworthy aspects ofthe parsimonious
model results in Exhibit 9 are as follows. First and fore-
most, there is virtually no loss in explanatory power using
the parsimonious lagged model in Equation (3) instead of
the tlill lagged model in Equation (2).The 78% R- ofEqua-
tion (3) is hterally the same as found for Equation (2).
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E X H I B I T 7
Predictive or Lagged Linear Regression Results for the Annual Growth of the U.S. Aggregate Single Family
Mortgage Debt Outstanding, 1956-2002

Variable

LAtlMDCX;
LTIOY
LTSLt:)PE
Li:)RP
LHi»AC;
LTIOYTR
LTSTR
LORPTR
LHPAC .̂TR
tX)NSTANT

7i

12

Is
7 J

ys
yu
ii

%

EstiiiiJicd C^oL'tFiciciK

0.4482
-0.8607

0.4296
5.9549
0.3643

-0.1037
0.3317

-3.0571
-0.0829

3.1628

Stantiird Error

0.1103
0.3202
0.393H
2.0860
0.166K
0.2512
0.3609
1.3900
0.2535
1.3540

T-Racio 37 I.)F

4.0620
-2.6880

1.0910
2.8550
2.1830

-0.4128
0.9190

-2.1990
-0.3271

2.3360

P-V.iltic

0.0000
0.0110
0.2820
0.007(.l
0.0350
0.6820
0.3640
0.0340
0.7450
0.0250

T\m Exhibit reports iht pri-ihaivc iim-iir rcf^resiion results for the Annual Growth of US A^^rcgalv Sitii^lt
Family Mort>^ii^i: Dcin Outstniiding (MDOG) in terms of Uycar billed values i>/ I'midblcs from llic l-i.xal
Income mid Housing .Murkct.'. plus tlie l-ydir iMfi^ed VIIIKC ofMDOC^:

MDOG(l) - * + -y, MDOGO - I) + y>TIOY(i - 1) + y^TSLOPEd - I) + y, DRPIr - I)
+ -y,- HPAG(l - 1)+ y,TIOY_TR(t - l] •^,TSLOPE_TR(t - Ij+y, DFLPJlRfl - U+y,
HPAG_TR(t - I) + c(l)

where MDOGO). Crowlh nile of SF Marbci MDO; MD()G{t - I). One period (year) /(!iii.'c(/ mine
of MD()C,Himmi L4GMDOC;TlOY(!),Yield to Maturity of Comtaiil Maturity lO-YenrTre.isury;
TSLOPE(l), Slope of tiie Treasury yield ctirre estimated as the spread of T1 OY over the 3-Mouth Trea-
sury Yield; DRP(t), Default Risk Premium estimated as the yield to maturity spread of Moody's Aaa
and Baa rated corporate bonds; HPAG(t), Growth rate of the U.S. National Hotisin^i Price;TIOY_TR(t),
T10Y{t)-l0.5T!0Y(t - I) + 0.5Tl0Y(t - 2)j;fSLOPE^rR(t),TSLOPE(t)- l0.5TSLOPE(t
- 1) + 0.5TSLOPE(t - 2)1: DRP_TR(O. DRP(t) - 10.5 DRP(t - 1} + 0.5 DRP(t - 2)J;
HPAG_TR(t), HPAG(t) - 10.5 HPAG(t - !j + 0.5 HPAG(t - 2)j; c(t). Regression error

R^, 78.48%; Adj IV, 73.24%; Durbiii H. F 1891; Residual Autocorrelation, O.li34.

Source: Federal Reserve Board and Freddie Mac Financial Research.

It can also be visually observed from Exhibit 10 that the
projections from the parsimonious model track the actual
values most of the times. Thus, there is a strong practical
motivation for using the parsimonious model in forward
simulation applications.

Second, the direction and the statistical significance
of the slope coefficients remain the same as in Equations
(1) and (2). However, there is some strengthening in their
magnitudes, i.e., in the marginal effects. Most noteworthy
is the improvement in the marginal effect of the lagged
yield curve slope, with its coefficient moving from
+ 0.4296 (Equation (2)) to +0.6621 (Equation (3)). Its
f-ratio also improves from 1.091 (Equation (2)) to 1.876
(Equation (3)), a level that is close to significance at 5%.
We, therefore, recommend that the lagged yield curve
slope be retained in tbe parsimonious model although it
is not significant, strictly speaking.

Key potential applications of the predictive Equa-
tions (2) or (3) include forward simulation of a mortgage

portfolio, retained or securitized. For that matter, in any
top-down exercise of projecting/simulating the profile
(size, mix, risk, income, or other attributes) of a mortgage
or mortgage debt linked/contingent portfolio, the pre-
dictive MDO/UPB Growth Equation can be useful.

As an example, suppose around the end of 2005, we
simply wish to project the size of Freddie Mac's or Fannie
Maes Single Family Securitized (Sold) Portfolio for the
Year 2006.This amounts to projecting the growth ofTotal
UPB of the Sold Portfolio. First, using the predictive
MDO/UPB Growth Equation (the full version in Equa-
tion (2) or the parsimonious version in Equation (3)),and
the known or predicted value of the predictors (regres-
sors), we would project the growth and hence the 2006
size (given 2005 size) of the Total SF Mortgage Debt Out-
standing at the market level. Then, assuming a projected
2006 market share for the Agency, we would project the
Agency's Sold Portfolio UPB at the end of 2006.'^ Instead
of producing a point forecast for 2006, we could also pro-
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E X H I B I T 8
Annual Growth of U.S. Aggregate Single Family Mortgage Debt Outstanding and the Fitted (Predicted) Values
from the Predictive/Lagged Linear Regression, 1956-2002

This chart shows the Annual Ckowth of US Aggregate Single Family Mortgage Debt Outstanding (MDOG) and its fitted values
(PHEnK^TEl")_LAt;GED) from the followmg lagged regression equation:
MDOC(r) - </» + 7, MDOG(( - 1) + y,TU)Y(f - 1) + yiTSLOPE(( - 1) + % DRF(f - 1) +

y-^ HPAG(/ - 1) + -yftTlOY.TRV - I) + 77TSLOPE_TR(f - 1) + % nRP_TK(f - 1) +
y^HPAG_TR(r- 1) + e{t)

Where
MDOG(0 : Growth rate of SE Market MDO
MDOG(f - 1) : One period (year) lagged value of MDOC;
T]OY(() :Yield to Maturity of Constant Maturity- lD-Ycar Treasury
TSLOPE(f) : Slope of the Treasury yield curve estimated as the spread otTlOY over the 3-nionth Treasury Yield
DRP(f) : Default Risk Prenuum cstmiated as the yield to maturity spread of Moody's Aaa and Baa rated corporate bonds
HPAG(O : Growth rate of US National Housing Price
Tll)Y_TR(f) :T10Y(r) - [().5T]aY(f - 1) + 0.5T10Y(/ - 2)1
TSLOPE_TR(r) :TSLOPE(t) - [0.5TSLOPE(( - 1) + 0.5TSLOPE(/ - 2)]
DRP_TR(f) : DRP(r) - [0.5 DRP(f - 1) + D.5 DRP(( - 2)]
HPAG_TR(f) : HPAG(f) - [0.5 HPAG(( - 1) + 0.5 HPAG(r - 2))
e{i) : Regression error

The last charted point is for 21)02.The regression equation is estimated over 1956-2002.
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ducc UPB forecasts for arbitrary 2006 economic scenarios
det~nied in terms of specific values t'or the
predictors (regressors) ot the M1)O/UPB Growth Equa-
tion. Forecasts along different scenarios or simulated paths

are of course essential ingredients ot risk (e.g.. Value at
Risk) and capital (e.g., risk based economic and regula-
tory capital, stress tests) estimation of mortgage-related
instruments and portfolios.The simulated results can also
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Parsimonious Predictive or Lagged Linear Regression Results for the Annual Growth of the U.S. Aggregate
Single Family Mortgage Debt Outstanding, 1956-2002

Viri.ihle

LAGMDOC;
LTlllY
LTSLOPE
LDRP
I.Hl'AG
l.DKPTR
C:ONSTANT

71

r̂
74

7^
7K

«P

EsCiiiiJtetl ("oi'fticicnt

O.43S7
-O.'AlOl

0.6f)2]
6.SK)4
0.3152

-2.85HO
2.8258

St^iiidjrd Error

0.0S7S
0.2150
0.3528
1.4'̂ 20
0.0S3M
1.15H0
1.0020

T-Ratio 40 DF
4.'>9(.0

-4.3150
1.8760
4.56')0
3.7620

-2.4680
2.H2H)

P-V l̂lR-

0.0000
0.0000
0.0680
0.0000
0.0010
0.0180
0.0070

77n'.t Exhihit reports the results of a parsimonious version ofthe predictive linear re_^ression mode! for the
Annual Growth i)/'['.S.HtjijrrtjiTfc Sin_(<le Family Aiorli-ai^e Debi Outstandin^^ IMiXX',) in terms of one-
year L{^i;ed value}: of variahles from the I'i.xed income atid Housiiii^ .Markets plus the one-year i^i^\;ed liihie
of MDOG:

MDOG(t) =<i>+yiMDOG(t - I)+y,TI()Y(t - I)+yj:SLOPE(t - l)+y,DRP(t- }) +
7 , HPAG(t - !) +y, DRPjrRft - I) + u(i)

where MiXK'.d). Growth rate ofSF .Market AUK); .MIXJG(t - I). One period (year) /,/iji.W value of
MDOG, named LiGMDOG;TI(IYft), Yield lo Maluriiy of Constant Maturity lO-Year'ireasury;
TSLOPE(t). Slope of the Treiisiiry yield curve estimated as the spread of'i'lOY over the 3-Month Trea-
sury Yield; DRP(i). Defaull Risk i^reniium estimated as the yield to maturity spread of Moody's Aaa and
Baa rated corporate bonds; HPAG(t), Growth rate of US National Housin\; Price; DRP_TR(t), DRP(i}
- /()..5- Dili>(t - l) + 0.5 DRP(t - 2)1; u(i). Re,i>ression error.

R-', 77.95%;Adj R ' , 74.65%; Durhin H, f.OOO9; Residual.-iuiocorrelaiion. 0. f 166.

.'Source: iedenil Reserve Board and Freddie Mac Finauciol Research.

be used for the planning of funding capital for retained
portfolios, determining a pricing strategy, or dollar invest-
ment allocation among different strands of mortgage prod-
ucts/businesses.

CONCLUSIONS

In this article we have investigated the role of well-
known asset pricing factors in explaining and predicting
the year to year variations of aggregate residential (single
family) mortgage debt in the U.S. Our analysis over the
1955-2002 period shows that linear regression models in
terms of key fixed income and housing price variables
can capture more than three-quarters ofthe contempo-
raneous as well as one year ahead variations in the growth
of mortgage debt outstanding. This supports the view that
in the short run (year), mortgage debt growth is a finan-
cial phenomenon, although tbe long term growth is pri-
marily determined by structural factors such as
demographic trends and incidence of home ownership.

As expected, we find interest rate level (yield to
maturity of the benchmark 10-year Treasury) to have a
negative effect and housing price growth to have a posi-
tive effect on mortgage debt growth. High persistence

also makes the lagged growth rate of mortgage debt an
important variable. However, corporate credit risk or
detauit premium (Moody's Baa-Aaa) appears to be tbe
most consequential in terms ofthe marginal impact of a
100 bps move in an explanatory variable or predictor. An
increase in corporate default preiuiuiu seems to be ben-
eficial for mortgage debt growth perhaps due to risk
shifting benefits ofthe home mortgage uiarket. Hut accel-
eration in corporate detault premium increase may signal
pervasive credit concerns and hence can adversely affect
expansion ofthe mortgage debt market. Interestingly, the
yield curve slope (Treastiry lOYear-3 months) does not
appear to matter much for mortgage debt growth although
its positive role is elevated iii a parsimonious predictive
model with 1-year lag.

All important policy implication ot our findings is
that if government policies, notably the Federal Reserve
interest rate (Federal Funds Rate) actions and commen-
taries, were to influence the growth of mortgage debt, it
is essential that the bcnchiuark 10-year rate move suffi-
ciently in the desirt'd direction. Neither tbe short end of
the yield curve nor the slope ofthe curve is much con-
sequential in this respect. Latest experience seems consis-
tent with this policy implication. Since the start ofthe
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Annual Growth of U.S. Aggregate Single Family Mortgage Debt Outstanding and the Fitted (Predicted) Values
from the Parsimonious Version of the Predictive/Lagged Linear Regression Model, 1956-2002

This chart shows chc Annual Ckowth of VS Aggregate Single Family Mortgagt- Deht t~)utstandiiig (MDOG) and its fitted values
(PkEI)iCTED_PAKSIMC:)NK:)US) from the following lagged regression equation:
Mi)OC;(;} = 0 + y, MDtX;(f - I) + 7.Tl()Y(f - 1) + yiTSLOP£(( - 1) + 74 nRP{f - 1)

+ y, H?^C.{l - 1) + TH D R P _ T R ( ? - 1) + H(0

Where
MDC.')(;{f) : Growth rare of SF Market MOO
MDOG(f - I) : One period (year) lagged value of MDOG. named LACJMDOC;
T1()Y(() :Yield to Maturit\' of Constant Maturity ]<)-yearTreasur\'
TSLOPE(f) : Slope of theTreasury yield curve estimated as the spread ofTKIY over the .Vnioiith Treasury Yield
ni^l*{r) : l.)et;uilt Risk I'reniiuni estimated as the yield to maturity spread of Moody's Aaa and Baa rated

corporate bonds
HPAG(/) : Growth rate of U.S. National Housing Price
DRP.TRCO : DRP{() - [0.5 DRP(^ - 1) + (1.5 DRP(f - 2)1
ii{t) : Regression error

The last charted point is for 2002.The regression equation is estimated over 1956-2(102.
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^ ' <:̂  <̂

Year

MDOCi - -A- - PREDICTRD PARSIMONIOUS

Federal Rest-rvr s tightening cycle in 2004, the short mtcs
have gone up consistently without much impact on the
10-year and 3()-year rates and consequently without any
sizeable effect on mortgage purcliase originations and refi-
nancing. For much of 2004 and 2005, the benchmark 10-
year rate bounced around between 4.00 and 4.50%, and
only around early March of 2006 the 10-year rate has
made a decided move beyond this range. It seems that

fnially there are some signs of the residential mortgage
market cooling off in 2006.''''

A second policy implication of our results is that
the credit risk structure of interest rates, as embodied in
the corporate default risk premium, should be included
in forward simulations hy mortgage related businesses and
by their regulators.Traditionally the credit loss and delin-
quency information for mortgages have been emphasized
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to indicate the credit risk prospects of mortgage portfo-
lios. Although this practice is certainly warranted, our
results suggest that tlie level and trend of default risk
pricing in the tniancial market may be valuable in pro-
jecting changes in the size of the mortgage debt market
itself.This is particularly itnportant for businesses, such as
that of Fannie Mae and Freddie Mac. where the market
share variations are minor and the growth of the market
itself is a major determinant ot the business volume and
as such of the portfolio size.

In terms of implementing our predictive regression
model, we fmd that a more parsimonious model of six
variables does not cost much in terms of explanatory
power when compared with the full nine variables model.
By atid large the ecotiomic structure ot the regressioti
relationship also remains unchanged (except that the trend
variables lose their importance).This is certainly good
news for application of the regression equations in a pre-
dictioti/forward simulation context. The special benefit
of using these equations is that the explanatory/predic-
tive variables relate exclusively to fixed incotiie and
housing price variables as opposed to pricing plus tnacro-
econotuic variables in a detailed structural approach. To
price and to assess the returns, risks and capital assign-
men t/re qtn re ment oi mortgage related itistruments and
their portfolios, complex tuultiperiod simulations ot
interest rates, and housing prices are extensively used by
practitioners and regulators.The exclusive and yet simple
structure of reliance on interest rates and housing price
variables in forecasting the size of the mortgage debt
market could provide a convenient framework in this con-
text. Together with a forecast of the market share and the
portfolio mix, one could determine then the dollar mag-
nitudes of returns, risks, and required capital at the port-
folio level in a coherent manner.

ENDNOTES

Thanks to Henry Cassidy and Fnmk Nothaft f{ir helpful
comments.

This work originated while the author was a Principal
Economist with Freddie Mac. However, the views expressed in
this paper are those of the author and not of Freddie Mac.

'Home mortgage debt in the U.S. has increased every
quarter since the end of World War II. According to Nothaft
[2004] and Syron [2004]. U.S. residential mortgage debt is pro-
jected to grow a rate of 8.25% per annum and will be north of
$17 trillion by 2013.

"In comparison, the outstanding amounts of interest-
bearing U.S.Treasuries and Corporate Bonds stood at $4.1 and
S4.9 trillion, respectively

•̂ According to the Conimerce Department, tlie lioiisehold
savings rate for 2005 was —0.5%.The last negative rates occurred
in 1932, a drop of 0.9 percent, and a record 1.5% decline in 1933.
One major reason for the negative savings rate in 2005 is the
double digit growth in home prices that made households fee!
wealthier and hence spend more. Nothaft and Chang [2004] find
that the extraction of home equity built up by home price appre-
ciation may dampen wealth accumulation by households.

•"At the Federal Reserve, former Chairman Alan
Greenspan repeatedly voiced concerns ahout the systemic risk
posed by the unlettered growth ot the GSE portfolios. In par-
ticular. Greenspan argued that the concentration of massive
interest rate and credit risks at the GSEs and the hedging trans-
actions associated with the managenietit of these risks could
potentially dcstahilize the U.S. financial system. In his first
hearing at the Congress, the new Chairman Ben liernauke reit-
erated the same concerns.

•̂ See Syron [2004].
"See. for example, Nothaft [2004], Christie [2004], and

Barsons |2005[.
Follain and Dunsky [1997] examine the effect of U.S.

mortgage interest tax deduction policy on the demand tor res-
idential mortgage debt, jappelli and Psitaferri [2OO3[ investi-
gate tax policy effect on demand for mortgage deht in Italy.
Tax policy changes arc, however, quite rare to explain the vari-
ations of annual growth of mortgage debt.

**We also entertained the stock market return (S&l* 500)
and its trend as additional tactors. However, we found these fac-
tors to he quite noisy and not consequential for MDO growth.
Accordingly, we exclude these variables here.

''See. for example, Chen, Roll, and Ross [1986], Keim and
Stambaugh [1986], and Fama nd French [1993]. Literature sur-
veys can be found in Campbell [2000] and Cochrane |2001].
Generally speaking, term premium and default premium arc
common to the dynamics of the stock and bond markets, the
bond market is primarily driven by these two factors and
the interest rate level, and the stock market is additionally sen-
sitive to two to three macroeconomic and/or stock market fac-
tors [Fama and French. 1993].

'"The CMHPI database was jointly developed by Freddie
Mac and Fannie Mae, based on mortgages purchased or secu-
ritizcd by these companies since January, 1975.The regulatory
organization OFHEO (Office of Federal Housing Enterprises
Oversight) publishes a national series HPI (House Price Index)
using the same |omt data base.The differences between these
indices are minor.

' 'The CMHPI series is from the latest release availahle on
the website of Freddie Mac Economic and Housing Research
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as of early 2006. The data is quarterly and ends at the third
quarter of 2005. The mean annual growth rate in national
housing price over the 1970-2002 period is 6.07% according
to CMHPI data. Over the same period, the growth rate is 6.! 3%i
according to the series that we use.

'-By the same token, flatter yield curves, especially inverted
yield curves are widely viewed as precursors to economic slow
down. Accordingly, a lower TSLOPE is expected to lower the
growth of MDO.

'•̂ See, for example, Dossani [2004] and Syron [2004].
'•"This is especially so if it is possible to layoff some of the

undesirable credit risk of mortgage investing at a relatively low
cost.

'•̂ In a way, the inclusion of trend variables allow for the
possibility of non-Markovian evolution of the MDO/UPB
growth.

"'The highest growth rate of mortgage debt was actually
recorded at 20.9% in 1950. This falls outside Our regression
estimation period of 1955-2002.

''A similar regression without the lagged dependent vari-
able has R- of 64.09%.Thus the lagged dependent variable plays
a vary important role in explaining the annual variation of mort-
gage debt growth.

'^The projected/simtilated SF Sold Portfolio UPB fbr 2006
has implicit in it the net effect of the runofis irom the 2005 Port-
folio and the 2(306 Purchases. However, these components are
not modeled in the MDO/UPB Growth Equation.

'''See the March 15,2006 Press Release by the Mortgage
Bankers Association, http://www.mortgageb.inkers.org/
NewsandMedia/PressCenter/4018.T.htm.
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