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DEFAULTS ON MORTGAGE OBLIGATIONS AND
CAPITAL REQUIREMENTS FOR US SAVINGS INSTITUTIONS:
A POLICY PERSPECTIVE#* :

by
John M. Quigley
University of california
Berkeley
Robert Van Order

Federal Home Loan Mortgage Corporation
Washington, DC

I. INTRODUCTION

The enormous public expenditureé required in the next few
years by the widespread failures of major home mortgage
lending institutions in the US (building societies or savings
and loan institutions, henceforth S&L’s) will probably exceed
all other government expenditures on housing in the United
States. By way of comparison, it is currently estimated that
the cost to US taxpayers of the government guaranteed deposits
ih the bankrupt S&L’s will be around $100 billion in present
value; the entire annual budget. of the U.S. Department af
Housing and Urban Development is currently $15 to $20 billiom.
All Federal government éxpenditures on housing for low incame
households (including subsidies from other welfare programs)
run about $40 billion annually.

* We acknowledge the research assistance of Ccarl Mason and
Fred Schmitt and help from Jesse Abraham, Bill Schauman, and
Peter Zorn. We are particularly indebted to Chester Foster
for assistance in programming the capital requirements
model. Quigley’s research on this project is supported by

the Center for Real Estate and Urban Economics, University
of California, Berkeley.



The causes of these huge failures among government
insured lending institutions include changes in the
regulatory environment, lack of supérvision and auditing,
mismanagement, fraud, and just plain bad luck. Underneath all
of this is the incentive to taie risk (the moral hazard)

arising from government guarantees.

In the light of the disastrous outcome, each of these
causes has become a topic for intensive ex post analysis
(e.g., Barth, et al., 1989); at the same time, a variety of
proposals has been made to prevent another round of S&L

fajilures after the next interest rate cycle.

Conspicuous among these proposals is a strengthening of
the capital requirements imposed on thrift institutions
(S&L’s) and on commercial banks as well. Several regulators
have proposed similar, new capital requirements for deposit
institutions. The "S&L bailout bill," passed in 1989,
mandated that capital requirements for S&L’s be at least as
strong as those imposed on commercial banks. That more
capital is needed and that specific capital requirements
should be related to the riskiness of investments has become
widely accepted, even among industry lobbyists and

legislators.

While there is some agreement on principles, there is

much disagreement about details, and there is almost no



empirical foundation for current proposals. Risk-based
capital proposals have attempted to segregate credit risk into
a small ﬁumber of categories. For example, the recent
proposal by the Federal Home Loan Bank Board (FHLBB, now the
office of Thrift Supervision, OTS) distinguished among several
categories of credit risk and asgigned different requirements
for capital as a fraction of assets to each risk category.
There is general agreement that, for the most part, the

categories chosen ("risk buckets") have ordered risk in a way

that is qualitativeIY' correct. Nonetheless, the proposals
made so far are quite crude. They suffer from three major
problens:

1. They have no underlying theoretical rationale. None
of the proposals is derived from a concrete definition of risk
or from a rigorous definition of an acceptable level of that

risk.

2. They have 1little empirical foundation. No evidence
has been presented about whether differences in capital
requirements really do correspond quantitatively to
differences in the riskiness of investment in various

categories of assets.

3. They ignore interactions among risks. Under any of

these proposals, risk categories are determined separately,



thus neglecting any possible benefits from the diversificatiom

of an institution’s portfolio.l

This paper provides some analysis of each of these issues
with regard to fixed rate mortgages on owner-occﬁpied houses.
The anélysis is based upoh records maintained by the Federal
Home Loan Mortgage Corporation (Freddie Mac), a quasi
governmental agency which buys home mortgages originated by
savings institutions and by other 1lenders and which sells
pools of such mortgages to investors in the secondary market.
We analyze cohorts composed of some 300,000 of those mortgages
originated during the 1976-1980 period and purchased by
Freddie Mac. The underlying data include the date of
origination and the date at which default or prepayment of the
obligation occurred. For mortgages which have defaulted, we
estimate the loss, as a fraction of the initial loan balance,
at the date of default. From these data, we estimate average
losses, and the variance and covariances of these losses by
region over time. This analysis is conducted separately for

mortgages with different loan-to-value ratios (LTV’s).

The data allow us to model the default of locans by LTV

and for portfolios of mortgages with differing degrees of

2

regional diversification. We then propose a simple capital

1 This applies only to credit risk. The Bank Board proposal
includes a separate analysis of interest rate risk, which
does take a portfolio approach.

2 See Corgel and Gay (1987) and Ogden, et al. (1989) for
recent work on the gains to diversification.



requirement criterion, which is calibrated to reflect the
revealed preference for acceptable risk as proposed by the
Federal Home Loan Bank Board (OTS). Given this éapital model,
we estimate relative‘cépital requirements that properly take
account of the riskiness of mortgage assets as measured by LIV

and regional diversification.

In the empirical analysis we evaluate the importance of
several diversified portfolios in establishing capital
adequacy. Compared to a fisky regional portfolio of loans, we
evaluate portfolios diversified within regions but not between
regions. We evaluate portfolios with equal regional shares
and with shares similar to Freddie Mac’s experience during the
period. We also estimate the appropriate capital requirements

by mortgage loan-to-value category.

Finally, we compute the optimally diversified portfolio
and evaluate its capital requirements relative to less

diversified pools of mortgage loans.

II. MODELS

A. Capital

The major reason for imposing capital requirements upon
lending institutions is to protect the deposit insurer, who
must make up losses to depositors in the event of bankruptcy.

In the case of federally chartered mortgage institutions in



the US, the ultimate insurer was, until recently, the Federal
Savings and Loan Insurance Corporation (FSLIC){ a subsidiary
of the FHLBB. In September 1989, the insurer responsibility
was shifted to the Federal Deposit Insurance Corporation

(FDIC) .

Invested capital put up by the firm acts as a cushion for
the insurer and is analogous to the "deductible" on other
types of insurance. Moreover, capital "at risk" can provide a
powerful incentive for owners and managers of S&L’s to control
those risks. Problems with deposit insurance and analyses of
incentives and pricing have a long history.3 We simply note
at this point a central conclusion of this 1literature: a
logical way to think of a capital requirement is as that
amount which reduces risk by Jjust enough to make insurance
premiums "cover" default costs, in an expected present value
~sense, or at least enough to limit the expected present value

of losses.

Deducing a specific capital requirement from this
principle is clearly a formidable problemn. It involves not
only modeling the firm, but also solving a complicated pricing
model. The latter requires modeling the timing of bankruptcy

and the magnitude of losses conditional upon bankruptcy. Such

3 See Kane (1985), Merton (1977), among others, on incentives
and pricing.



a model 1is not a standard part of deposit insurers’

repertoire.

A simplified and perhaps naive alternative is used by
private rating agencies to evaluate the ability of mortgage
jnsurance companies to pay clains. Moody’s credit ratings,
for example, are pased upon the ability of a company to
withstand a single and particular "stress test." The scenario
used is a stylized characterization of the Great Depression --
a grand deflation. This requires modeling the firm to analyze
how 1long it would 1ast through the ngtress" period
(characterized by a particular set of inflation and interest
rates). The analysis is simplified by assuming the firm
conducts no new business during this period, pays no
dividends, and becomes bankrupt when it runs out of cash.
There is no specification of how much is lost when bankruptcy
cccurs. Ad hoc adjustments are made for other factors such as

geographic concentration.

This approach has the advantage of simplicity, but it is,
analyticaliy, thin. It requires that firms be configured to
survive throughout only a single known scenario. The approach
has, moreover, no criterion for choosing an nacceptable" risk.
To receive Moody’s highest‘ credit rating (AAA), for example,
the firm must last through a ten year stress period, but there

is no particular reason to choose ten years or to choose 2



particular definition of stress. The factors which "stress"

one institution may not affect another at all.

In this analysis, we propose a simple, but reasonable,
alternative approach. We postulate that capital is adequate
if it is sufficient to insure that a firm will survive for a
period of T years with probability p, and we calibrate a model
so that p, T and volatility parameters are consistent with the
revealed preférences of the Bank Board (OTS). The gain from
this approach relative to Moody’s is clear. The simulation of
economic environments need not be confined to a single
scenario. A Monte Carlo analysis, drawing economic conditions
from a given distribution, estimates empirically the
probability that a firm with a given portfolio will survive.
The simulation approach is flexible enocugh to incorporate

portfolios with different risks.

This approach still requires a criterion for capital
adequacy. We assume the Bank Board (OTS) proposal reveals
regulators’ preferences. It is proposed that home mortgages
with 20 percent downpayments or with insurance coverage
require three percent of owners’ capital at risk We
calibrate the model so that three percent is the appropriate
capital requirement for an undiversified portfolio of the
riskiest of these mortgages. Details of this calibration are

discussed below. Relative to this benchmark, we then



calculate capital requirements by varying diversification and

LTV.
B. Default and Prepayment

All modern research considers default on financial
obligations from an "options perspective." In the mortgage
market, default by a consumer amounts to exercising his option
to sell the house back to the lender in exchange for the
mortgage instrument (See Campbell and Dietrich, 1983, Vandell
and Thibodeau, 1985, and Foster and Van Order, 1984).
Transactions costs and the value of the borrower’s reputation
make the computation of the value of this option complex.
Nevertheless, the key variable is the owner’s equity, which is
a crude measure of the extent to which the put option is "in
the money." The key state variable that determines equity is

the current value of the house.

By analogous reasoning, mortgage prepayment is an option
which can be called at the discretion of the borrower. By
prepaying a mortgage, the consumer exercises his option to
exchange a fixed and known sum of money for the mortgage
instrument (See Dunn and McConnell, 1981, Follain, et al.,
1988, and Quigley, 1987). Again transactions costs,
expectations and exogenous reasons for residential mobility
make the computation of the value of the option complex.
Despite this, the key variable is the present value of the

mortgage payment stream at current interest rates relative to

10



its present value at the contract rate. Again, this is a
crude measure of the extent to which the call is in the money.
The key state variables are current interest rates on

securities of different maturities.

The capital adequacy model described above depends upon

mean "“returns," their variances, and their covariances by
asset category. "Returns® in this context means the net
income from a portfolio of mortgages (where net is the
difference between the fees charged for bearing credit risk
and the actual losses), and the asset categories include home
mortgages written with different LIVs in different
geographical regions. Capital adequacy also depends upon the
extent of mortgage prepayment and the fee income arising

therefrom.

The moments of the distributions of returns could be
estimated in a variety of ways. The most elegant would be an
estimation of the underlying structural model of the decision
to default or to prepay by individual homeowners. The
parameters of such a model together with the distributions of
the underlying state variables could be used to reconstruct
the probability distributions of default 1losses and
prepayments . Alternatively, the rich body of data on loans
originated between 1976-1980 and followed until March 1989 can

be used to estimate the probability distributions directly,

11



provided we accept the proposition that these are

representative years.

We adopt the latter approach in this paper. This
strategy has distinct advantages as well as disadvantages. On
the one hand, the empirical estimates of default and
prepayment lack an explicit theoretical foundation. On the
other hand, however, this period experienced a wide range of
economic changes (high inflation, low default pgriods, and low
inflation, high default periods), and is probably
representative enough not to require more precise theoretical
restrictions; More relevant to the policy question is the
fact that capital regqguirements set by legislation cannot be
expected to vary when certain key parameters of theoretical
interest change (e.g., the expected inflation rate). As a
regulatory matter, the best one can expect is that the

requirements conform as closely as possible with experience.

Hence, we compute means, variances and covariances of

probability distributions of returns without relating them to

‘an explicit microeconomic model of optimizing behavior. In

this respect, our approach is similar to applications of the

capital asset pricing model, which use historical returns and

their moments without a detailed microeconomic specification.

12



III. EMPIRICAL ANALYSIS

A. Defaults and Losses

The Freddie Mac data on its mortgage loan purchases were
matched to data on subsequent defaults and the losses
resulting from foreclosure. These administrative recofds were
not originally intended for research purposes, and a variety
of assumptions were employed in merging and matching records

and in verifying the underlying data.4

The available information consists of mortgage default
and prepayment transactions on thirty-year, fully-amortizing,
fixed-rate 1loans of various ages and loan-to-value (LTV)
categories, conditional upon survival until that age. These
observations are available for each of five Freddie Mac
regions for mortgages originated during the 1976-1980 period.
The LTV categories are: 1less than 81 percent, 81 to 90

percent, and greater than 90 percent.

Since mortgages originated before 1976 are not included
in the data base, the maximum observed age is only about
thirteen years (through March 1989), and mortgages in the
sample were written for a duration of thirty years. This
limitation in data availability is more apparent than real,

however, since other empirical research indicates that

4 See Zorn (1989) for a discussion of the underlying data.
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prepayment and default options are typically exercised early

in the life of mortgage contracts, if at all.

For each category of LTV, region, and age, we estimated

the 1loss ihcurred by each‘mortgage default. The loss was

computed as the sum of_the outstanding loan balance plus all
out-of-pocket costs to the mortgagor (attorney’s fees, court
costs, etc.) plus the opportunity cost of the mortgagor’s
equity, from the date the lender took over a property from the
mortgagor to its final disposition (at 15 percent), minus the
proceeds from the disposition of the asset, expressed in
present value terms‘discbunted (at 15 percent) to the date of
default. The ratio of this loss to the original loan balance

is the conditional loss associated with default.

Table 1 summarizes the default and loss data which have
been computed. Panel A presents unweighted averages of
default and loss data reported by region, year of origin and
age of loan; panel B presents summary information weighted by
the number of loans "at risk" in each category (i.e., the

number surviving up to the beginning of the year of duration).

As is indicated in the table, annual default rates were
not trivially small in this period, averaging about four
tenths of a percent for the US as a whole. The variation in
default rates by region is quite substantial. Default rates
in the Northcentral states were about five times as large as

default rates in the Southeastern states and about four times

14
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as large as default rates in the Northeastern states. These
differences reflect the credit rate risk associated with the
‘real estate markets in each of the regions, the fortunes of
the regional economies, and the loan-to-value ratios and ages

of the mortgages.

Regional variations also reflect institutional
differences and legal restrictions in various states. 1In some
states, the Northcentral states, but also New York,
legislatures and courts impose substantial impediments to
foreclosure on home loan defaults. The longer time interval
between default, foreclosure, and ultimate disposition greatly

increases the loss rates on defaulted properties.

The loss rates on defaulted mortgages are surprisingly
large. For the US as a whole, about 35 percent of the initial
mortgage loan was lost upon default of a mortgage during this
period. As suggested above, a large part of this 1loss is
accounted for by the considerable lags involved. On average,
it takes almost two years from the time a homeowner stops
payment until the home is sold. (This can cost 20 to 25
percent of value in interest alone.) Hence even with
insurance, typically covering only the first 25 percent of
loss, the net cost to the lender can be significant. As is
discussed below, high LTV loans with insurance have higher

default costs than low LTV loans without insurance. While the

16



loss per default is smaller (as a result of insurance) for the

higher LTV loans, these loans default much more fregquently.

Together, variations in loss rates and conditional losses
yield the average . losses reported in the table. For the

nation as a whole, the average annual loss associated with a

mortgage originated between 1976 and 1980 was 0.13 to 0.16

percent of the contract amount. The average loss varied by a
factor of ten among the five regions, from 0.02 percent in the
Southeast to almost a quarter of a percent, on average, in ‘the

Northcentral "rust belt.™"

Table 2 presents estimates of proportional hazard models
for each of the five geographical regions and for the US as a
whole. The dependent variable is the hazard of default at
each age (the probability of default, conditional on survival
' to that age). The baseline hazard varies by age, separately

for each LTIV class.5

Specifically, we assume that the hazard, Hijt' the
probability of default for a loan in LTV class i, which has
survived up to age j and was originated in year t, is given by

ZB¢t
(1) Hijt = Aij e At .

5 In the jargon of hazard or reliability theory, this model
is "blocked" by LTV class.
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The baseline term Aij indicates the age profile of defaults
for the excluded vintage; given LTV. The profile is shifted

for different origination years by the exponential terms.

Separate parameters are estimated for each of the origin
years 1976-1979 for each region. Each of the hazard models is
highly significant, and the coefficients exhibit a similar
pattern in five of the six samples. Compared to mortéages
issued in 1980, those issued earlier have a significantly
lower hazard of default. In all regions outside of the
Southeast, there is a monotonic increase in the hazard of
default for mortgages issued later. An intuitive explanation
for this pattern of defaults on fixed rate mortgages is found
in the course of the macroeconomy during this period. Holders
of fixed rate mortgages issued earlier benefited more from the
high levels of inflation in the late 1970’s, which reduced the
real value of payment streams and also generated subtantial
homeowner equity. This inflation benefit proved even more
valuable in reducing the higher default risks expected the

early 1980’s as a result of the major recession.

Figure 1 illustrates the survival probabilities predicted
by the hazard models. For the Western region, it presents the
estimated survivor rates for mortgages in each of the three
LTV classes originated in 1980. For these computations, the

baseline hazard (which varies separately by LIV class) is

19
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estimated by the Meier-Kaplan method (See Kalbfleisch and
Prentice, 1980). Quite clearly, at higher LTV’s loans are

substantially more risky.

Appendix Tables Al through A3 present logit estimates of
the probability of default separately by region and LTV class.
These models document the decline in the conditional default
probabilities for more seasoned mortgages. A significant
quadratic relationship is estimated between the age of the
loan and the default logit. The conditional default 1logit
declines with the age of the mortgage, and the decline is
slightly less than proportional. The logit models also
highlight the differences in defaults for mortgages originated
in different years throughout this period. Mortgages issued

later have significantly higher default rates.

Both default rates and loan losses clearly vary by region
and LTV, and the pattern of these outcomes varies by age.
Presumably some of these risks can be modified with regional

diversification.

Tables 3 and 4 summarize the degree of independence in
the default and loan loss experience across regions. Table 3
indicates the residuals in the estimation of default
probabilities using the hazard models. The standard deviation
of the residuals is presented together with the correlation of
residuals across regions. These data are presented separately

for each LTV category.
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Table 4 presents similar information for the loan loss
rates as a fraction of initial loans. The entries in Table 4
were computed by multiplying the residuals in the estimation
of default probabilities by the average loss rates computed
separately for the 780 combinations of region, age, LTV and
year of origin. The éorrelations reported in the tables are
rather striking. Hblding LTV and age constant, there is a
negative correlation between default rates in the Northeastern
and the Western regions for the safest loans (LTV < 80%). A
negative correlation also exists between the Northeastern and
Southeastern regions for the riskiest loans. When the loan
loss rates are considered, the correlations are again negative
for several comparisons across geographical regions, for
example, between losses in the Northeast and the Northcentral
regions. The pattern of covariances in these returns suggests
that portfolio 1risk <can Dbe reduced by geographical
diversification, holding other determinants of credit risk

constant.
B. Capital Requirements

As discussed above, the recently proposed risk-based
capital requirements mandated among other things, that three
percent of the unpaid balance of mortgages with LTV less than
80 percent or with insurance be held as a buffer against risk.

Almost all of the mortgages in our sample fall into this
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ca.tegory.6 We take this proposal as the "revealed preference"
of regulators and develop a model to calculate relative
capital requirements, using the statistical results reported

above.

We evaluate a criterion for capital adequacy analogous to
the one described above for portfolios of mortgages of varying
ITv and diversification. For a portfolio of a particular
type, enough capital must be held so that the probability that

the firm will survive T years without "bankruptcy" is at least

P

1. Pricing Credit Risk

We abstract from issues of transactions costs and taxes,
and we focus on pure credit costs (alternatively, we assume
that these other costs are nonstochastic and that the lender
charges the appropriate fees for them). The lender who holds
a portfolio of mortgages also receives fee income from taking
on credit risk. This income, as well as required capital,
provides some cushion against bankruptcy. We assume that the
credit risk fee, R, received by 1lenders is equal to the
marginal cost of default losses. More precisely, the lender

charges an annual fee such that the expected present value of

6 Some of the high LTV loans in this sample did not have
commercial insurance; instead the seller provided the
coinsurance. About 10 percent of the defaults with LTV
greater than 0.8 in our sample fell into this category.
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receipts from R equals the expected present value of losses.

That is, R must be such that

N R N E(L)
(2) § ——— UPBy = 3 —— UPB
t=1 (1+n)t t=1 (1+r)t

where UPBg is tﬁe unpaid balance on the pool, r 1is the
appropriate discount rate, N is the term of the mortgages in
the pool, and E(Ly) is the expected loss per dollar of UPB at
time t. To simplify computations, we assume that r and UPB
are non stochastic, so that L is the only random variable.
E(Lg) can be calculated diréctly from the hazard model,
equation (1), for mortgages with varying LTV in different
regions with loss rates varying by LTV, region, age, and year
of origin. UPB changes largely due to mortgage prepayments.
We assume that prepayments follow the commonly used rule of
thumb that also approximates prepayment rates on average

during the period.7

We estimated the Aij matrices for 13 ages (j) and 3 LTV

categories (i), separately for each of the 5 regions.8 Their

7 We assume that the prepayment rate is initially zero and
rises linearly over time so that after two years, it is at
an annual rate of thirteen percent. Thirteen percent was
chosen so as to make the interest sensitivity of mortgages
equal to its historical level. It is roughly the
historical average and is a variant on the so-called PSA
rule of thumb. ‘ ‘
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patterns, not reproduced here, are similar to those reported
for the logit models (Appendix Tables 1A, 23, 34) =-- a
systematic.but less than proportionate decline in hazard with
age. We use these )A’s and the coefficients reported in Table
2 to compute fair prices for credit risk by LTV category. We
average across region and compute prices for the
"representativé" origination year during the period. That is,
we assume that, for administrative reasons, it is not possible
to price credit risk separately by region,9 and that
variations in default risk by origin year are not known ex
ante. At an interest rate of 10 percent, we calculate the
expected loss rates as a fraction of the initial balance, and,
using the prepayment assumption, we compute the fee, R, which
yields the required expected present value. Panel A in Table

5 summarizes the calculations.

We should note two things about these premiums. First
they are rather low (the fee for loans with LTV below 80
percent is only about two basis points). Second, they vary
sharply with LTV (ranging up to 22 basis points for the
riskiest 1loan). That they are 1low may be, in part, a

reflection of the fact that loans originated early in the

8 These matrices, the baseline hazards, are estimated by the
Kaplan-Meier method for the hazard models reported in Table
2.

9 1In fact, congressional wrath would probably prevent price
discrimination by region even if ex ante documentation of
geographic variation in risk were incontrovertible.
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peried benefited from abnormal inflation, and were probably

safer than can generally be expected.lo

2. Determining Capital Adequacy

Wwe take the approach to capital adequacy indicated above,
and appiy it to new pools of loans, rather than to firms. The
poal begins with somé capital invested by the lenders; the
stock of invested capital is redﬁced when default costs exceed
fee receipts. The pool is bankrupt when it runs out of cash
(that is, the pool can neither to borrow nor pay dividends). .

The model is a simple difference equation.

In period t, the cash flow (CF) is:
(3} CFt = th + Rt - Lt = Kt - Kt"l y

whezre K¢ is the capital on hand at the beginning of the period
apd r is the interest rate. Again Rg¢ is the fee for credit
risk received, and L, are aggregate losses from default. CF¢
is thus the change in capital. The initial level of capital,

K

o+ is the required level, such that the probability that Kp

is zero is less than p.

16 However, these losses are not much different from those
calculated from Freddie Mac loans purchased after 1983, a
geriod of low inflation. '
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The only stochastic variable is Ly, which is the loss
rate (as estimated from the hazard models) together with the
conditional losses times the unpaid balance (UPB) at the
beginning of the period. UPB declines over time, again
because some mortgages are prepaid. The premium, R, is

calculated above.

Given an initial level of K, the variance of loss rates
(which will change with diversification), the expected default
josses and credit risk premium, we can éstimate the
probability that K¢ is positive for ten consecutive years.
This estimate can be obtained by Monte Carlo techniques. For
example, we can run 10,000 simulations of (3) and  use the
fraction that survive ten years as in estimate of »p. Using
the same techniques, we can work backwards and find the value

of Ky that makes this probability, say, 0.999.

Oour strategy is to find the p which validates the three
percent rule. The model permits an analysis of capital
requirements in terms of three sources of risk: errors made in
forecasting patterns of default probabilities by region, LTV
category, and origination year. If authorities were capable
of varying capital requirements along all three dimensions,
then capital requirements would arise only from the stochastic

disturbances in equation (1).
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These features are captured in the model and its
calibration. We interpret the revealed preference of
regulators (the FLHBB/OTS proposal) as requiriné three percent
of capital to be withheld to cushion against thé worst case of
defaults =-- 1loans in the riskiest (LTV > 90) category
originated in 1980‘in'a representative region, but with no
regional diversification. We estimate the probability of
bankruptcy in this case by Monte Carlo simulation. We then
compute the capital requirement sufficient to yield the same

value of p in other circumstances.

We begin by estimating the value of p separately for each
of the five regions, given a three percent capital
requirement, by drawing from the distribution of disturbances
and their variances, and by computing the average probability

of bankruptcy.

The benefits of diversification across regions come from
two sources: the covariance matrix of disturbances across
regions (See Table 4); and the unequal variances of
disturbances across regions. A region with a higher variance
of disturbances will have a more-than-proportionately higher
bankruptcy rate than a region with a lower variance. Hence,
even if disturbances were perfectly correlated across regions,
a diversified portfolio would require 1less capital; the
"excess capital" in regions with low variance could be used to

protect against risks in high variance regions.
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We consider portfolios with returns equal to the national
‘average but with different variances. The variance (V) of a

portfolio is

(4) v=wew |,

where € is the variance-covariance matrix of disturbances and
w is the vector of regional weights. The optimal portfolio is
the set of shares that minimizes (4) subject to the constraint

that all weights are positive and that they sum to one.
C. Results

Calibration of the model yields the result that if
inst;tutions in the five regions all held three percent
capital, and were exposed to the worst vintage (1980), then
the average institution would have a 0.04 probability of
failure over the next decade. The failures would, of course,
be concentrated in the Northcentral and Southwestern regions,
but the average would be 0.04. Hence we use p=0.96 as the
criterion for capital adequacy. Compared to this baseline,
the model indicates that a 0.9 percent rule is adequate to
keep the national failure rate the same for LIV’s between 81
and 90 percent. For the safest mortgages with LTV’s below 81
percent, only 0.4 percent capital is required. Panel C of
Table 5 reports these results as the baseline capital

requirements.
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TABLE 5
CREDIT RISK FEES, STANDARD DEVIATIONS AND CAPITAL REQUIREMENTS
BY LOAN-TO-VALUE RATIO AND LEVEL OF DIVERSIFICATION

Loan-toQValue Ratio
Less than 81% 81-90% Greater than 90%

%. Fees for Credit Risk?

2.2 7.2 22.0
§. Standard Deviation
rortfolio
Representative 2.9 9.6 40.0
Actual Experience 2.0 6.8 21.7
Equal Shares 4.6 10.8 28.7
optimal 0.4 1.8 2.8
£. Capital Requirementh
Portfolio
Baseline 0.4 0.9 3.0¢
Representative 0.1 0.5 1.5
Actual Experience 0.1 0.3 1.0
Equal Shares 0.1 0.3 1.1
Optimal 0.0 0.1 0.1
@ annual fees, as a fraction of unpaid balances,in basis points.
% tnitial capital required for each portfolio, as percent of
P
loan balances.

Benchmark capital requirement for undiversified mortgages
issued in 1980.
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The table also considers an undiversified portfolio with
expected 1980 default costs given by a weighted average of
default losses across region (the weights are given in Table
1). Again, in this simulation, fee revenues vary from pricing
by LTV but not by region. We assume a standard deviation of
residuals equal to the weighted average standard deviation
(This standard deviation is noted panel B of Table 5). The
implied capital requirements are presented in Part C of Table
5. Capital requirements are reduced because regional extremes

have been averaged.

Part B of table 5 also presents the standard deviations
for the other portfolios discussed above. Note that it is
always the case that higher LTV portfolios have higher
standard deviations. Part C of the Table presents the capital

requirements for these portfolios.

The capital requirements for portfolios weighted by
actual loan originations and those weighted equally are
similar. in contrast, the optimally weighted portfolio
reduces risk, and hence capital requirements, substantially.
The optimal weights vary by LTV, but in each case the weights
are extreme, requiring 1little or no investment in the

Southeast, Southwest or the Northcentral region.11

11 For LTV’s below 81 percent, the uncontrolled weights were
140 percent for the West, minus 40 percent in the East, and
zero elsewhere. In the calculations reported in the Table
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Table 6 presents analogous results when credit risk is
not priced by LTV category. In these simulations, prices are
fixed at 7.2 basis points (the weighted average for all LTV
classes). Not surprisingly, capital requirements decline for
low LTV’s and rise substantially for riskier portfolios.
current industry practice is that credit risk is not priced by
LTV, and these results indicate that there are substantial
losses from mispricing. The mispricing leads to substantially

higher capital requirements for high LTV loans.
IV. CONCLUSIONS AND COMMENTS

This paper presents a complete model of defaults, fees
and capital adequacy, in which empirical evidence on default
rates is used to calculate premiums for different levels of
risk. Default rates and their variations, together with
premium fees, are then used to calculate capital requirements

using a consistent model.

The results clearly indicate that fixed rate, 30 year
mortgages on owner occupied properties with low loan to value
ratios or with insurance are not very risky. For low LTIV

loans, three percent is clearly a high capital requirement.

we the weights were set at 100 percent for the West and
zero elsewhere.
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TABLE 6

CAPITAL REQUIREMENTS WHEN CREDIT RISK IS NOT PRICED
SEPARATELY BY LOAN-TO-VALUE RATIO

Portfolio
Baseline
Representative
Actual Experience

Equal Shares

Loan-to-Value Ratio

Less than 81%

81-90%

Greater than 90%
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The experience with loans originated between 1976 and 1980
suggests that premiums of 2 to 22 basis points would cover

that risk, on average.

This analysis does not address other types of mortgages,
such as adjustable rate mortgages and multifamily (or more
generally, investor-owned) mortgages. Presumably, these
mortgages have greater default risks than those we have
analyzed. Note however, that an increase in average default
josses would not affect our conclusions at all if it left the
variances and covariances of returns unchanged and if it were

incorporated into the fee charged for credit risk.

Tn this analysis, we have avoided the question of whether
this recent time period was truly "representative" and whether
there is "enough" variance in the model by calibrating the
volatility of residuals so that the proposed three percent
capital requirement is "just right" for LTV’s above 90 percent
originated in the worst year (1980), and that were not

diversified nationally.

Under these and other conditions reported in the paper,
diversification clearly matters. The standard deviation of a
nationally diversified portfolio is about a third of an
undiversified portfolio, and its estimated capital

requirements about a third of the requirement for an
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undiversified portfolio. The capital requirement for the

optimal portfolio is less by about 80 to 90 percent.

37



V. REFERENCES

Barth, James P., etal.,"Moral Hazard and the Thrift Crisis: An
Analysis of 1988 Resolutions," Federal Home Loan Bank Board,
1988. :

Campbell, Tim S. and J. Kimball Dietrich, "The Determinants of
Default on Insured Conventional Residential Loans," Journal of
Finance, Vol XXXVIII, #5, December 1983, pp. 1569-1581.

Corgel, John B. and Gerald Gay, "Iocal Economic Base,
Geographic Diversification, and the Risk Management of
Mortgage Portfolios," AREUEA JOURNAL, Vol 15, #3, 1987, pp.
256-267.

Foster, Chester and Robert Van Order, "An Option Based Model
of Mortgage Default," Housing Finance Review, Vol. 3, #4,
October 1984, pp. 351-372.

Follain, James R., etal.,"Microfoundations of a Mortgage
Prepayment function," ORER Paper #69, Office of Real Estate
Research, University of Illinois, Urbana-Champaign, November
1988.

Kalbfleisch, J.D. and R.L. Prentice, The statistical Analysis
of Failure Time Data (New York, N.Y.: Wiley and Sons, 1980).

Karels, Gordon V. and Arun J. Prakash, "Deposit Insurance,
Risk, and Capital Adequacy," Research Paper #148, Office of
Policy and Economic Research, Federal Home Loan Bank Board,
July 1988.

Merton, Robert C., "The Theory of Rational Option Pricing,"
The Bell Journal of Economics and Management Science, Vol. 4,
#1, Spring 1973, pp. 143-183.

Oogden Jr., William, etal., "Risk Reduction in S&L Mortgage Loan
Portfolios Through Geographic Diversification," Journal of
Financial Services Research, Vol. 2, 1989, pp. 39-48.

Quigley, John M., "Interest Rate variations, Mortgage
Prepayments and Household Mobility," Review of Economics and
statistics, Vol LXIX, #4, November 1987, pp. 636-644.

vandell, Kerry D. and Thomas Thibodeau, "Estimation of
Mortgage Defaults Using Disaggregate Loan History Data, AREUEA
Journal, Vol 13, #3, 1985, pp. 292-316.

38



Woolridge, J. Randall and Austin J. Jaffee, "Asset
Diversification Strategies for Federally Chartered Savings and
Loan Associations," Research Paper #140, Office of Policy and
Economic Research, Federal Home Loan Bank Board, April 1988.

Zorn, Peter M., "Contract with the Federal Home Loan Mortgage
Corporation: First Report," Federal Home Loan Mortgage
Corporation, February 28, 1989 (mimeo).

39



ot

-sieak oaou I0 OoM3 I0J BUTATAINS SUROT UO SUOT3RAISsSqO aTdTITNW SIPNTOUIL

8¢t

90L'G620°'T 669’L89

cL°SYL

(Lg°o¢)
G60°T1

(ss°6)
Leo e~

(ev°9)
LT0 2~

(eL-€)
TLI T~

(ot°T)
€9€°0-

(88°9)
LEO"O

(Lg*8)
£€9°0-

‘SN

9G6°¢CEl

(zt°02)
€0S° 1T

(L£°9)
B6E° €~

(zL-¢€)
086°1-

(te°1)
S0L° 0~

(8z°0)
GGT°0-

(6s°L)
6G0°0

(vg°8)
z28°0-

JSOM

62 Ve
Z1L'8e ssv’zet
96°92 0T1°0S
(60°T) (L6°TT1)
£€26°2T 219°ST
(,g°0) (6s°v)
GST " ¥- 90V -2~
(gz°0) (8z°v)
06°2~- 126°T-
(91°0) (66°T1)
808° 1~ 269 °0-
(zg-0) (9z°0)
Z6G° €~ 8TIT°0
(t6°0) (ze°v)
L20°0 980°0
(t2°0) (zg-g)
01S°0- €EVL T-
3seo(inos

INAOUAd T8 NYHL 88dT HNTVA-OL-~-NVOT dOd

FSOMUIN0S (EAjUuooUl.aAoN 3JISEsU3IoN

8¢t

ZL6’'66

06°SV

(o1°€)
8L9°€1

(60°T)
8GL" " ¥-

(00°T)
LYE V-

(16°0)
ZL6°€E~

(L9°0)
6T6° 2~

(ve v)
L90°0

(zL°v)
066°0-

(sesayjuaied ut sorjex 3)

6¢

216’98

00°0V

(t6°s)
9€0°2T

(62°1)
162 1~

(c0°1)
v66°0~

(62°0)
1T€°0-

(Lz°0)
Z0E* 0~

(to-2)
960°0

(86°T)
L8T T~

NOI®EY Ad SAILITIAVAOYd ILINVAAd J0 STIAAOW LIDOT

Y HT19Yd

suaajjed a9j3eTIRAOD
3OUT3STd JOo °ON

¥SuUOT3IRAIISCD
Jo °*oN

Nx
que3SU0D
uthyI0 0861
utbhTao eL6T
urbtIo 8L6T
utbTIo LL6T

paxenbs abvy

aby

40



vot

sve’L99

LL TSET

(96°¢c¥)
126°8

(sL°ST)
¥G9° 2~

(L6°8)
L8Y T~

(s5°s)
LT6° 0~

(89°0)
TZT° 0~

(66°8)
620°0

(sL°11)
60G°0-

SN

*sIe9k 9I0W IO OM] JI0F DUTATAINS SUROT UO SUOT3BAIISqO STATI3ThW SapnIoul =«

8¢
ove’eoc

96°6¢t¢

(vo-vz)
965°6

(6c°8)
060° €~

(Tv°¥)
129° 1~

(L8°T)
¥69°0-

(ve°1)
6GG°0

(ve-o1)
GG0°'0

(L6°TT)
YL 0~

REETY

62 veE 8¢
G2Z8°'1¢ m>m~aoa_ T8T'101
9L°22 16°€9 IT°00T1
(€0°1) (so°81) (tv-vt)
8€6°TT €LO°E€T 0S8°L
(Lv-0) (tT°6) (ov°g)
8TV G- LSZ €~ Z9€° T~
(zg*0) (so*L) (zo-2)
289 €~ GLZ Z~ 08L°0~
(¢z°0) (sz°v) (99°0)
999°Z- A S GGZ°0-
(Lz°0) (Lt°1) (sT°T)
09T €~ 0LE* O~ 18v°0
(og-0) (62°5) (Lv-g)
2100 850°0 9%0°0
(96°0) (2t°L) (8L°g)
T0€°0- 9LZ° T~ €L9°0-
ummmnusom 3SeMU3nos Teaxjuod(3aoN

(sesayausaxed utr sorjeax 3)

6¢t

LT0‘08

9¢°¢9

(91°6)
oLy*8

(sv°1)
¥9G°0~

(s€-°0)
0Z1°0~

(ot°0)
LEO°O-

(8L°0)
Z292°0-

(9€°2)
0v0°0

(ve-2)
LSG*0-

LNIOYEd 06 ANY T8 NITMIAG JNTVA-OL-NYOT YOI
NOID®AY A4 SHILITIEVAOYd LINVAEA 40 8TIdUJOH LIDOT

<Y JA'THNL

suaajjed s8jeTIRAOD
30UT3lSTA JO °ON

¥SUOTIRAIISAO
3O °ON

X

ajue]lsuc)
urbtIo 0861
uthbIIO 6L6T
utbtao 8L6T
utrbtao LL61

aaenbs aby

aby

3SCOQJI0N

41



*saesk alow JI0 OM} a0JF

PUTATAINS SUROT UO SUOTILAIIS]O aTdraTnu S9pPnNIOoUl

42

voT 8¢ 62 Ve 8¢ 6¢€ suxojjed a3eTIRAOD
30oUT3STg FJO °"ON
8cL’'8eec 020'2L £€T0'62 8T0‘80T LO6'9Y ogL’es ¥SUOT3RAIISAO
jo °ON
LT°v08T ¥9°99 €6°6€ 9¥"€ST L0°00T 8L°€9 zX
(e6°6¢€) (90°5) (L2 %) (ot-v2) (ve-21) (zz°o1) _
LEO'6 210°€1 ¥L0°9 GTIT ¥ £88°9 9LT" L juelsuop
(6€°9T1) (85°2) (Lv-0) (te-ot1) (L8°2) (8L°€)
208°2- L09 9~ Z6v°0- 9€0° €~ 6VT T~ LGZ T~ uthTI0 086T
(gg-21) (s1°2) (8z-0) (96°8) (ve 1) (se°1)
PET° 2~ 96¥°S~ G8Z°0 LTZ 20 vL9°0- A% AL uTbTIO 6L6T
(90°6) (9°T) (z6°0) (81°9) (01°0) (90°T)
6% T~ ozZ v- LG6°0 GGG T~- ovo°o LZ2E O~ utbtao 8L6T
(62°¢) (L6°0) (6L°0) (86°T) (ve 1) (e€°0)
1LG°0- L0G C- 996°0 TTG 0- ¥08°0 vIT°0 utbhTIO LL6T
(08°9) (oc°L) (9v°0) (o9L°6) (81°9) (tz 1)
¥20°0 LS00 T10°0 280°0 ¥60°0 9T0°0 paxenbs aby
(gz°o1) (s6°8) (Lv-0) (vo-21) (te-9) (90°1)
€25° 0~ GL8° 0O~ ZST 0- L89°1- 9ZL*0~ 20Z°0- abvy
“§°N 3I59M 3Fseaqnos FSBAYIN0G TeA3UadY3aAON ISeay}JaoN

(seseyjusaied uTr soriex 3)
. INIOYId 06 NVYHIL YIALVIYD ANTYA-0L~NVOT HOd
NoI®ay Xd SIILITIAVEOdd ILINVYIIA A0 ST3JOR LIDOT

€Y HII9YL






