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For & real estate valuation system (or ap-
praisal method) to perform well, it should help the
mortgage originator, who uses the system to judge
whether to approve mortgage applications, prevent
default-related expenses and loss of principal with-
out incurring too many other costs, and put the
lender at an advantage, appropriately defined, in
terms of other firms. Unfortunately, while this ob-
jective is simple to state, there are many difficul-
ties in translating it into a criterion for judging real
estate valuation systems. There are many compli-
cated links from the real estate valuation systems
to this ultimate costs and benefits to the mort-
gage lender. Because of these difficulties, faulty
decisions are being made, in making comparisons
between competing statistical valuation systems or

between a purely statistical valuation system and
an appraisal.

At this time of rapid development of auto-
mated underwriting systems, the importance of
evaluating real estate valuation systems is greater
than ever, and at the same time, because the
competitive situation for mortgage lenders is very
complex, and automated underwriting systems are
themselves in flux, the costs and benefits to com-
peting valuation systems are difficult to define.

We assume here that data are available for test-
ing valuation systems; the data are assumed to be
in the form of current estimated values rendered by
each of the competing valuation systems (includ-
ing appraisal methods) for individual properties,
actual unforced (not defaulted) selling prices, cur-
rent as well as subsequent, for the same properties,
loan amount, as well as other information that may
be available about the properties or the valuations.
Data sets with some of this information are often
constructed by mortgage originators when they are
considering changing their valuation systems.

Many tests evaluating valuation systems using
such data do nothing more than compare measures

of dispersion of the errors, of the percentage dif-
ference of an actual sales price relative to the pre-
dicted price. While these tests are useful, there
are many reasons why they may be misleading, and
other measures of valuation system success are also
important.

We provide here a framework that will enable
us to compare different valuation systems (includ-
ing comparing appraisals with statistical valuation
systems) in a manner that is directly revealing of
the results for the mortgage underwriting process.
The framework that we propose has two aspects.
First, we use the framework to develop a Density
Estimation and Profit Simulation (DEPS) Method
that, given an assumed relation of mortgage lender
profits to the true loan-to-value ratio, provides a
direct estimate of the expected value of the valu-
ation system to the mortgage lender.Second, the
framework suggests various simple measures of the

quality of valuation systems that are generally over-
looked today.

1. Typel and Type II Error

Our analysis of the usefulness of real estate
valuation systems must begin with the recognition
that there are two kinds of collateral valuation er-
rors that are costly to mortgage lenders. Borrowing
terminology from theoretical statistics, we use the
term type I error to refer to the error of rejecting a
mortgage applicant who would not have defaulted.
The costs to this error are the cost of the loss of
profit from writing a good mortgage, and the loss
of good will and further business and referrals from
the rejected applicant, as well as the cost of the un-
derwriting process (including the cost of purchasing
the real estate valuation) when no loan is written.
We use the term type II error to refer to the er-
ror of accepting & mortgage applicant who defaults.
The costs to this error are the costs of problem-loan
servicing, including collection efforts, cash flow ad-
vances, foreclosure administration, legal costs, and
principal losses related to a lender's sales of the fore-
closed property (as well as the cost of the original
underwriting process).

Presumably the potential cost for each prop-
erty from type I error is less than that of type I
error: potential default loss is greater than poten-
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tial profit from writing a good mortgage. Thus,
in some sense one might think that type I error is
less impoctant than type II error. However, from
the standpoint of comparing valuation systems the
type I error is no less important since the approval
criteria are set 8o that type I error will occur more
often, at the margin, than does type II error. We
must consider both kinds of error in evaluating ap-
proval methods. If we considered only type I error,
we could reduce this to zero by selecting a valu-
ation system that always gives a very high value
for each property, so that no applications are ever
rejected. If we considered only type II error, we
could reduce this error to zero by selecting a val-
uation system that always gives a very low value
for each property, so that all applications are re-
jected. Neither of these extremes makes any sense
for mortgage lenders.

Simple variances of real estate valuation errors
are not sufficient statistics for the type I and type
II errors that are relevant to judging the valuation
systems. They do not take account of the shape
of the distribution of errors. Taking full account
of the distribution of errors of the valuation system
is not something that can be done formally until
we specify the precise use of the valuation in the
- underwriting method, and the nature of the costs
associated with underwriting errors.

2. The Simplest Model for

the DEPS Method

Let us consider first a very simple profit simu-
lation model that allows us to take account of type I
error and type II error with the DEPS method, and
that suggests some of the complexity of the prob-
lem of comparing valuation systems. The model
assumes that the mortgage lender operates in iso-
lation, so that there is no issue of selection bias
that would arise if the lendec’s underwriting guide-
lines permit acceptance of borrower loan applica-
tions that other lenders reject. This simple profit
simulation model also makes no use of the selling
price of the property itself: we will assume that
we are either applying our analysis to refinance
mortgages, for which no current purchase price is
available, or our mortgage applications have already
been prescreened on the basis of selling price rela-
tive to loan applied for.

The value v is the natural log of the true value
of the property (price it would obtain in a normal
sale, not a foreclosure sale) scaled by subtracting
the natural log of the loan balance applied for. We
will use the symbol ¢ to refer to the natural log
estimated value of the property also scaled by sub-
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tracting the natural log of the loan balance applied
for. Let f(v,9) be the joint probability density func-
tion for v and 9 among the loan applications that
the mortgage lender wishes to consider with a val-
uation, including both applications that will be ac-
cepted and applications that will be rejected on the
basis of the valuation. A simple measure of the
quality of the valuation system, similar to measures
that are widely used to evaluate valuation systems
today, is o1, the second moment, or if ¥ is unbiased,
the variance, of v — 0. In terms of f(v,9) this is:

af=/m /m(v—ﬁ)zf(v,ﬁ)dvdﬁ (1)

The valuation system with the lowest o2 is
judged the best. This simple measure will be con-
trasted with other measures.

Let us use the symbol x to represent the ex-
pected profit as a fraction of the loan amount ap-
plied for with a single mortgage application. (r is
not in logs, as are v and 9.) To allow us to account
for the relevant costs of the two types of error, let
us suppose that ¥ is a function of v. We suppose
that the function w(v) is concave down, is very neg-
ative for small values of v (reflecting such factors
as foreclosure costs and the loss of property value
in a foreclosure sale), but is only slightly positive
for large values of v, and becomes flat (1 becomes
unaffected by v) for high values of v. This shape for
the function embodies our assumption that costs of
type II error (of accepting an application that was
bad because of low v) can be much larger than the
benefits of accepting a good application.

The mortgage lender decides on a threshold
value U° so that only mortgage applications for
which ¢ exceeds §° will be accepted. The expected
profit IT that the mortgage lender obtains, account-
ing for the profit function, the joint distribution
f(v,0) using this valuation as well as the cost C
of obtaining the valuation ¢ (including associated
application processing costs) is then:

M= /:b /:: (v)f(v,0)dv dv — C (2)

The valuation system with the highest II is
judged the best. Note that the expected profit II is
not the expectation of x(v) conditional on ¥ being
greater than 0°, since such a conditional expecta-
tion would not take account of the probability of the
type I error of rejecting a good mortgage. The ex-
pression embodies the assumption that the cost C of
purchasing the valuation is borne even if the mort-
gage application is rejected. The expected profit



IT is a sort of weighted integral of the probability
density function, f(v,0), with weights x(v) that are
very different from the (0 — v)? that appeared in
equation (1). The isoquants of (v — 0)? are (plot-
ting v on the horizontal axis and ¢ on the vertical
axis) parallel straight lines with slopes of one, while
the isoquants of x(v,0) are parallel straight lines
with slopes of infinity; only the region above of 0*
is used. This shows immediately that the measure
of the quality of the valuation system may be very
different between (1) and (2).

It must be recognized that ¢* is a choice vari-
able for the mortgage lender. Assuming that the
mortgage lender operates so as to maximize ex-
pected profits, then the lender will choose 9° to
maximize (2), i.e., so that 8[1/89* = 0, equation

(3)s
/:w(v)f(v,ﬁ‘)dv =0 (3)

and the mortgage lender should proceed to obtain
the valuation only if the optimized II is positive.
Loan applications where v = §° are the mar-
ginal loans, for which the expected profits earned
when the decision to lend proves successful are ex-
actly matched by expected losses when the decision
to lend proves detrimental. The lender is indifferent
between making these loans or not making them,
but for mortgage applications where v > ¥* the
mortgage lender can expect to make a profit. Note
that the choice of 0*, made as it is with expression
(8) which involves f(v,?), depends on characteris-
. tics of the valuation system, and so ¢°* will differ
across valuation systems. This variation across val-
uation systems in the optimal ¢° is very important
to account for: one valuation system may have ad-
vantages over another only because it allows the

mortgage lender to lower ©°* and thereby lower type
I error.

Given this model, we propose that a good
method to compare valuation systems, the DEPS
method is, for each valuation system, to estimate
the joint distribution f(v,9) using data on actual
values of properties and their estimated values us-
ing the valuation system, and loan balances applied
for, to hypothesize a profit function x(v), to use
equation (3) to derive the ¢* for that valuation sys-
tem, and then use equation (2) to derive [1. The
valuation system with the highest IT would be, in
terms of this simple model, the best method. We
suppose that a nonparametric method or a very
general parametric method of estimating the prob-
ability density function should be used if there are
sufficient data, so that the shape of the function can

be captured in some detail; see Tapia and Thom
son {1978], Révész (1984] or Silverman [1986).

Consideration of this model also suggests sim-
ple measures that can be obtained without going
through the DEPS method, measures beyond Just
variance of valuation errors, that would be consid-
ered as reflecting on the quality of a real estate val-
uation system. One such measure, which might be
looked at in addition to the variance shown in equa-
tion (1), is the skewness of the distribution of y— ¢,
Suppose we are comparing two real estate valua-
tion systems both which are unbiased (E(v - )
equals zero) and both which have the same vari-
ance given by equation (1). We would then gener-
ally prefer the valuation system whose error v — ¢
is skewed to the left, i.e., whose large errors tend
to be to undervalue a property. Really large un-
dervaluation errors tend not to hurt the mortgage
lender, since if the errors were somewhat smaller
then the mortgage application would be rejected
anyway, and so there is no difference in costs to
the mortgage lender. On the other hand, really
large positive errors can be catastrophic to mort-
gage lenders if they cause lenders to issue mortgages
on properties whose values are much less than their
respective loan amounts. That is why negative out-
liers matter less than positive outliers. Thus, valu-
ation systems with negatively skewed distributions -
of v — © tend, other things equal, to perform better
in the DEPS method with this model.

Measuring the skewness of the distribution of
v — 1 is not a substitute for our DEPS method. For
example, skewness might be related to the level of 9,
and only when ¢ is above ¢* does skewness matter.
One could derive other revealing simple measures,
more closely related to the DEPS method, of the
quality of a valuation system by simplifying the =
function so that it is, for example, a step function.
We might suppose that for v below some thresh-
old v~ = is the negative constant #~, and above
some threshold v+ (where v* is greater than v™)
n is the positive constant 7+, and 7 is zero be-
tween these two values. Then I1 = 7~ Prob(v < v~
and ¥ > 9*) + ®*Prob(v > v* and ¥ > 9*) = C.
Then, useful summary statistics would be the two
estimated probabilities. Users could use their own
values for #~, x*, and C to evaluate [I given these
probabilities.

Reporting such measures, the skewness or the
probabilities defined just above, is especially im-
portant in comparing statistical valuation systems
with appraisals. Using measures of dispersion of
valuation errors alone to make comparisons may be
unfair to the appraisers, since appraisers operate
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with a sense of the costs of type I and type II error,
and tend to be (correctly) mindful of these costs
in allocating their time and effort in the appraisal
process. In appraising properties where the value
is obviously sufficiently above the loan amount, the
appraiser may see less benefit in expending extra
effort to refine the valuation. The result could be
a misleadingly high standard deviation of errors for
appraisers.

3. Correlation of Valuation Error with

Selling Price Error

In the preceding section, we disregarded the
fact that for purchase mortgages, in contrast to re-
finance mortgages, the mortgage lender actually has
two pieces of information: the valuation placed on
the property, which provides ¢, and the selling price
today. We will use the symbol p to represent the
natural log of the selling price today scaled by sub-
tracting the natural log of the loan balance applied
for. Note that the true log value used to compute
v is not the current selling price, but is the price
at next sale, on a date a few years down the road
when mortgagor default propensity is greatest.

Let us define f(v,,p) as the joint probability
density function of the three quantities among all
- purchase mortgage applications that the mortgage
lender is considering, even including those applica-
tions that might be ultimately rejected because the
loan amount applied for is too high relative to the
current selling price. The most common measure of
the accuracy of valuation systems used in practice is
actually 03, the second moment, or, if ¥ is unbiased,
the variance, of p — 9. This is not the variance o2
of v ~ 0. It is instructive, for comparison, to write
0% in terms of f(v, 9, p):

o= /_: /: /: (p — 9)*(v,0,p)dv do dp (4)

As before, by the conventional criterion, the valua-
tion system with the lowest 0% is judged the best.

In contrast, the expected profit to a mortgage
lender that accepts a loan application for which p
is above some threshold value p* and for which ¢ is
above 9°* is:

n= /Pm /;Q /:W(v)f(v,ﬁ,p)dv dv dp— C (5)

and, as before, the valuation system with the high-
est Il is judged the best. Note that, much as in
the preceding section, the expected profit Il is a
sort of weighted integral of the probability density
function, here f(v,?,p), with weights, determined
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by x(v) and the thresholds ¢* and p°, that are to-
tally different from the (p — 0)? that appeared in
equation (4).

As with the simpler model of the preceding
method, the thresholds ¢* and p* are both deci-
sion variables for the mortgage lender. Taking the
partial derivatives of the expected profit, equation
(5), with respect to 9°* and p* and setting these to
zero, we have the pair of equations:

/:p /_‘: n(v)f(v,0,p°)dv dd =0

[ /;: n(v)f(v,9°',p)dv dp =0 )

These two equations, solved together, will yield the
optimal thresholds ¢°* and p* for purchase mort-
gages. Note that changing the valuation system
will in general cause changes in both 9* and p°.

Proceeding as in the preceding section, the
DEPS method of comparing valuation systems is,
for each valuation system, first to estimate the prob-
ability density function f(v, 9, p), then to use equa-
tions (6) and (7) to derive the optimal 9* and p°,
and finally to evaluate (5). The valuation system
with the highest IT will be judged best. The model
we have defined is actually rather complex: in com-
paring just two valuation systems there are four
thresholds to be derived, and getting these wrong
in the comparison process could reverse the conclu-
sions.

A simpler statistic that bears on the results
that we will obtain using the DEPS method with
this model is the correlation of the valuation error
v — ¥ with the current selling price error v — p. It
is very important to realize that errors in valua-
tions usually do not result in default losses among
purchase mortgages: the losses tend to occur only
when the selling price of the house is too high rela-
tive to true value and the valuation is also too high
relative to true value; only then will the mortgage
lender be influenced to make a costly error. Sell-
ing price error is the error made by the buyer of
the house, paying too much for the house relative
to its true market value, that is, too much relative
to what the typical buyer would pay. If this error
is independent of the valuation system error, then
the probability of a loss is related essentially to the
product of the probabilities of the two large errors;
if both probabilities are small, this product will be
much smaller. It is important to note this, since
a tendency to make occasional large errors is com-
mon among statistical valuation systems, and yet
this tendency is really not very costly if the errors
are uncorrelated with current selling price errors.

(6)



By assuming here that true value v is repre-
sented in empirical work by the unforced sale price
a few years after the mortgage is issued, this ver-
sion of the DEPS method builds into the evaluation
method an incentive for those who provide valua-
tions to provide not estimates of current value of
properties but instead forecasts of future values.
Many appraisers do not describe what they do as
forecasting, but there is a recognition in the ap-
praisal industry that forecasting of some sort is in-
evitably involved, see Lovell {1964] or Shiaes {1992].

4. Models Involving Games
Against Competing Firms

In applying a valuation system, one must
recognize that one's method is not used in isola-
tion: . other mortgage lenders are also using valua-
tion systems, and the benefit to a given valuation
system will tend to depend on the nature of the
valuation system used by competitors. The risk
that a mortgage lender faces is that it will fail to
see some information that caused other mortgage
lenders correctly to deny mortgage credit. It might
become a haven for all such rejected applicants. Al-
ternatively, if the mortgage lender can find a way
to use the information in the valuation system to
find good applications among those rejected, there
may be a very large profit opportunity.

A valuation system that underperforms the
method used by competitors in terms of variance
of errors might, by the DEPS method, be better
than a valuation system that outperforms the com-
petitors in terms of the variance of errors. This
can occur if the valuation system is in effect us-
ing different information than that of the competi-
tors. Obviously, a valuation system that gives the
same valuations as the competitors’ will produce
zero profits for the mortgage lender by this model.
At another extreme, if the information used by the
valuation system is completely different from that
used by competitors but no better in terms of vari-
ances of forecast errors, then there could be large
expected profits for the mortgage lender. This sug-
gests that a simple measure of the value of the val-
uation system would be the correlation of the error
made by the valuation system with the error made

by competitors’ valuation system, the smaller the
better.

6. Other Considerations

The DEPS method can be modified for analysis
of each of the following considerations:

1. Risk Considerations For a risk-neutral
mortgage loan underwriter, the correlation between

valuation errors of different properties represented
in its portfolio of mortgages is of no account, be-
cause the expected losses are the same whatever the
correlation. However, if errors are correlated across
properties, then the variance of the underwriting
losses to the portfolio can be magnified, and this
magnification can matter to risk-averse underwrit-
ers. The more a valuation system uses outdated
information, the more, for a given variance of er-
rors, the valuation errors are likely to be correlated
across properties.

2. Costs of Fallure to Make a Valuation
Many valuation systems are often unable to make
a valuation at all, since the information on which
the method is based may not be available. Alterna-
tively, the producer of the valuation may be com-
puting a standard error for the valuation, and only
reporting those valuations that have a standard er-
ror below some threshold decided on by the valuer,

so that the errors on reported properties will tend
to be small.

3. Making Use of the Standard Error
of the Valuation Some valuation systems may
provide estimated standard errors of the valuations,
which inform the mortgage lender how good the
information is about the true value. These standard
errors, if they vary from property to property as
a reflection of the differing quality of information
about them, are potentially very useful information
to the mortgage lender, since the values 9° and p’
can be made a function of them.

4. Using Multiple Valuation Systems In
the case where a valuation system is found to con-
tain information that is not contained in other val-
uation systems, it should be explored whether there
are profits to be gained by using both methods.

6. Conclusion

We have seen that conventional measures of the
success of valuation systems, such as measures of
dispersion of valuation errors, often are unfair tests
of the usefulness of the valuations to the mortgage
lenders. Using such measures for comparisons of
statistical valuation systems with conventional ap-
praisals are especially likely to be unfair, since ap-
praisers, in providing a service to mortgage lenders,
have in mind the relative costs and likelihood of
the different kinds of errors, not taken into account
in the conventional measures. The DEPS method
proposed here will correct these deficiencies of the
conventional measures of success.
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