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PROPERTY VALUATION

Property Valuation Methods and
Data in the United States

INTRODUCFION

Residential property valuation is a subject
that permeates social, political, and eco-
nomic life in the United States. Property val-
uation serves as an endless topic of discus-
sion among neighbors, but also provides the
impetus for major property tax reforms and
other public policy measures. Some say that
the two most comman shared expetiences
of American daily life are the duration of your
commute te work and how much your house
has appreciated in the past year. That dis-
cussion is increasingly well informed, as the
availability of broad-based house price in-
dexes (HP!s) and automated valuation mod-
els (AVMs) has evolved rapidly in recent
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years.! This paper aims to provide a survey
of the basic statistical methods, historical
developments, and receni innovations in
house price indexes and property valuation
models in the United States, and to give a
preliminary assessment of the requirements
and prospects for applying similar ap-
proaches in other countries.

A common thread throughout the discussion
is the need for more and better data, and the
innovative solutions that have emerged to
exploit information from a variety of sources,
including government surveys, tax assess-
ments, real estate listings, appraisals, mort-
gage originations, and actual sales transac-
tions. Data gaps and statistical uncertainties
persist, and to a cerfain extent are unavoid-
able given the relative infrequency and idio-
syncratic nature of real property transac-
tions. However, one can also see a steady
trend toward more complete geographic
coverage, and information that is more read-
fly accessible to homeowners, lenders, bro-
kers, investors, and government regulators,
with definite advantages for the efficient op-
eration of the housing finance system.

Applications of HPIs and AVMs
Applications of HPIs and AVMs are almost

as varied as the methods and data underly-
ing them, House price indexes are used to

track the national, regicnal, and local perfor-
mance of residential real estate. Periodic
HPI publications represent the most readily
available source of information on the eco-
nomic performance of the most important fi-
nancial asset for a majority of U.8. house-
holds. At their maost besic ievel, HPIs
represent an attempt to estmate the rates of
appreciation or depreciation in housing vai-
ues over time periods when a relative mi-
noiity of properties are actually traded.
Thus, in one important sense, HPls attempt
to create data whete none existed. HPIs are
an important data input into a wide range of
academic, financial, and regulatory models
concerned with the financial performance of
housing and mortgage markets. As dis-
cussed in greater detail below, HPIs also
comprise an essential component of many
large-scale commercial AVMs in the United
States. :

The United States may be unique in terms of
the number of applications of HPls to hous-
ing policy and financial regulation at the na-
tional level. For example, a house price
index is used 1¢ determine increases in the
conforming loan limits for efigibility for pur-
chase or securitization of residential mort-
gages by the Federal National Mertgage As-
sociation (also known as Fannie Mae) or the
Federal Home Loan Mortgage Corporation
{also known as Freddie Mac).2 The Office of
Federal Housing Enterprise Oversight
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(CFHEOQ), the financial safety and sound-
ness regulator for Fannie Mae and Freddie
Mac, has proposed a rsk-based capital
model under specific statutory requirements
for the use of HPIs when projecting the fi-
nancial performance of the enterprises
under conditions of economic stress. Loan
limits for first-time homebuyers under the
Federal Housing Administration (FHA)
single-family program are currently tied to
loan limits for Fannie Mae and Freddie
Mac.% Efforts are currently underway to de-
velop local house price indexes from multi-
ple data sources with potential application to
setting FHA loan eligibility requirements.

AVM models are an increasingly important
toot for use by mortgage lenders and ser-
vicers in the United States. A recent siudy
by Pricewaterhouse Coopers indicates that
AVMs are used on between 5% and 25% of
purchase and refinance loans as a supple-
mental estimate of value.* Although they are
rarely used as the only estimate of value for
purchase or refinance loans, AVMs are used
on 35% to 55% of home equity foans as the
only estimate of value.

Ross and Nattagh {1996} describe four pri-
mary applications for which AVM models or
systems are likely to be adopted, including:
mortgage quality control or appraisal review,
loss mitigation analysis, portfolic vatuation,
and appraisal process redesign. Morigage
quality control entails validation or verifica-
tion of appraisals conducted to determine the
market values of collateral properties secur-
ing purchase money or refinance loans. Con-
ventional quality control methods typically
entail manual review of a random sample of
completed appraisals. Application of an AVM
to this process offers the advantages of in-
creased speed and reduced subjectivity, lim-
iting the need for manual review to cases
identified by the AVM as exceptional.

In loss-mitigation analysis, AVMs can be ap-
plied to estimate the current loan-to-value
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ratioc on nonperforming loans to assist the
lender or guarantor in determining optimal
foreclosure strategies. Lenders may be
more eager to provide alternatives to fore-
closure and to avoid booking an accounting
loss when the proceeds from a foreclosure
sale are not likely to cover the outstanding
mortgage principal. In this case, better infor-
mation may benefit both borrowers and
lenders.

Portfalio valuation is a natural application of
AVM technology, providing an efficient
means of marking-to-market a large number
of property values, and is most closely
aligned with the underlying statistical meth-
ods. And, as this application #lustrates,
AVMs can be applied 10 hoth case-by-case
valuations and batch processing of thou-
sands of properties.

The fourth application mentioned by Ross
and Nattagh, appraisal process redesign,
foresees the simultaneous application of an
AVM model in conjunction with the efforts of
professional appraisers. The automation
features of the AVM can reduce the need for
manual data collection and manipulation by
the appraiser, while simultaneously provid-
ing an independent estimate of value. The
role of the appraiser would he to evaluate
the findings from the AVM in light of his/her
own physical inspection of the property, ver-
ification of comparables, and knowledge of
local market conditions.

The next section provides a brief introduc-
tion to the statistical methods underlying the
various house price indexes and large-scale
automated property valuation systems cur-
rently in use in the United States. This is fol-
lowed by a broad outline of historical devel-
opments in the production of residential
hause price indexes and property valuation
models. Discussion of the various data
sources cccurs throughout the paper, as
data availability tends to drive the selection
of methods.

Our goal is to give the reader a sense for
how analysts, agencies, and firms in the
United States have been able to overcome
various methodologicai hurdles and data de-
ficiencies to reach the point where auto-
mated valuation systems now represent a
viable alternative to manual valuations by
professional appraisers. At the same time,
we wish to emphasize that no ideal method
or data source currently exists, and all of the
major asset valuation models currently in
use in the United States depend on the ap-
plication of more than one methodological
approach and data source. An important
conclusion of the paper is that a similarly
eclectic approach is likely to be required
when attempting to apply knewledge gained
from the U.S. experience to property valua-
tion in cther countries.

INDEX AND VALUATION METHODS

A number of statisfical methods have been
applied o index estimation and property val-
uation in the United States. Selection of a
particular methodology has depended
largely on the available data, and as data
quantity and quality have improved so have
the estimates. This section briefly reviews
the methods that have had or gained wide-
spread acceptance in recent years, includ-
ing: sales comparisons, mean or median
transaction prices, hedonic estimation,
repeat-sales estimation, hybrid repeat-
sales/hedonic methods, rules-based artifi-
cial intelligence or expert systems, and arti-
ficial neural networks. As discussed in the
introduction, the selection of particular meth-
ods of combinations of methods depends on
the intended applications, which may range
from appraising collateral properties secur-
ing mortgage loans and valuing real estate
portfolios, to production of house price in-
dexes for a variety of financial and regula-
tory applicaticns.

Sales Comparisons

The traditional method of valuing residential
properties has been through the use of pro-
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fessional appraisers. Appraisers follow es-
tablished state and national guidelines in
producing estimates of the current market
value of a property, relying primarity on com-
parison with houses recently sold or listed for
sale and knowledge of neighborhood
trends.” Appraisers observe the values of
comparable properties, and make numerical
adjustments to the prices of the comparables
to align them with the features of the subject
property and arrive at an estimate of value.

This approach is still the most widely used
technigue 1o obtain appraisal values on collat-
eral properties securing residential mortgages
and as the basis for periodic real estate as-
sessments by local tax authorities, Profes-
sional appraisers in the United States operate
under established guidelines, such as the
Uniform Standards of Professional Appraisal
Practica, or USPAP.2 The USPAP standards
generally refer to minimum standards that
must be attained. Appraisers are also subject
1o various underwriting guidelines that may
exceed the requirements of USPAP, such as
those imposed by secondary market institu-
tions like Fannie Mae and Freddie Mac, pri-
vate mortgage insurance companies like PMI
Mortgage Insurance Co. and Mortgage Guar-
anty Insurance Corp., or by government
agencies like the Department of Housing and
Urban Development or the Federal Home
Loan Bank Board.?

The primary criticism of the comparative
sales approach is that itis subjective, bothin
terms of selecting comparable sales and
with regard 1o the types of adjustments that

are made to determine value. in practice,

the number of comparables is usually limited
to three or four properties, and separate ad-
justments are made for specific property
characteristics.

Mean or Median Transaction Prices

As with many economic and financial indica-
tors, year-to-year changes in mean or me-
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dian values continue to be of interest to mar-
ket participants. This type of index is simple
to compuite and provides easy to understand
summaries of sales activity within relatively
localized areas such as ZIP codes. One
widely recognized shortcoming is the failure
to control for differences in the composition
of the sample and the relative quality of
the properties transacting from period to pe-
riod. This makes it difficult to separate out
differences in prices that occur because of
actual appreciation in housing values from
differences in the characteristics of the prop-
erties that are being sold. This has lead to a
search for “constant quality” house prics in-
dexes based on hedonic and repeat-sales
methads.

Hedonic Methods

The hedenic method of property valuation
recoghizes that housing is a composite
good, and defines value as a mathematical
function of its characteristics.'® Hedonic
methods employ multiple regression tech-
niques to estimate the contribution to total
value of specific property characteristics,
such as: number of bedrooms, number of
bathrooms, number of fireplaces, parking fa-
cilities, living area, and lot size. The main
strength of hedonic methods is that they
control for the characteristics of propetties,
thereby allowing the analyst to distinguish
the impact of changing sample composition
from actual property appreciation.

Hedonic methods can be applied to estimate
the value of new or existing homes, and ob-
servations on valus may be actual sales
prices, listing prices, appraisal values, or
even owners' estimates of housing values.
Given an estimated equation expressing
property value as a function of housing char-
acteristics, one simply enters the values of
the subject property characteristics to pre-
dict the total value. Constant-quality house
price indexes can be generated, either by in-
cluding the valuaton date (e.g., month,

quarter, or year} in the multiple regression,
or estimating separate regressions for each
time period. A standard bundle of character-
istics can be used in the equation{s) to pro-
ject changes in the value of an “average”
house over time.

The main difficulty with the hedonic method
is the requirement for detailed information
on property characteristics. Even when data
on property characteristics are available,
these may not be ideal measures of the at-
tributes of houses over which consumer
preferences are defined. Also, the available
hedonic characteristics tend to be limited to
the features of individual houses, and may
not provide adequate measures of important
differences in neighborhoods and cther en-
vironmental factors or externalities affecting
the market value of a property.

Repeat-Sales Methods

Repeat-sales methods use the observed
sales prices of the same properties at differ-
ent points in time to create a sample of price
differentials that can be used to estimate the
appreciation rates of houses. If one can as-
sume that the properties in the repeat-sales
sample have not undergone significant
physical improvements or deterioration be-
tween the observed sales, then using price
differentials for the same properties auto-
matically controls for the impact of quality on
the estimated index of appreciation. Multiple
regression methods are used to account for
the fact that not all the properties in the sam-
ple are sold or re-sold af the same dates, but
the only data required are the transaction
prices and dates.

Bailey, Muth, and Nourse (1963) first pro-
posed the application of multiple regression
methods 1o the estimation of repeat-sales
indexes. Case and Shiller (1987, 1989) ex-
tended their approach by accounting for dif-
ferences in the sampling distributions of
price changes observed over differant
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lengths of time between repeat sales. They
proposed a weighted-repsat-sales (WRS)
model based on a generalized least squares
regression to account for this source of het-
eroscedasticity in the errors. V!

Hybrid Methods

Various aftempts have been made to im-
prove on both the hedonic and repeat-sales
methods of house price index construction.
For example, Case, Pollakowski, and
Wachter (1991) investigate a hybrid of the
hedonic and repeat-sales methods, utifizing
repeat transactions when available, but oth-
erwise using hedonic information to control
for differences in quality and to confirm that
no significant physical changes have oc-
curred for properties with repeat observa-
tions. Various other hybrid methods have
been proposed that introduce a spatial di-
mension, such as the distance-weighted
repeat-sales (DWRS) method advanced by
Goetzmann and Spiegel (1895, 1997). The
spatial dimension in this case does not nec-
. essarily refer to location per se; rather it cor-
responds to the correlation among apprecia-
tion rates for individual properties that may
be closer or farther apart in either geo-
graphic space or “characteristic” space. Dis-
tance-based methods have been found to
improve the accuracy of indexes for smaller
areas such as neighborhoods. 2

AUTOMATED PROPERTY
VALUATION METHODS

Computer Assisted Assessments
and Appraisals

With the advent of computer technology and
computerized databases, regional authori-
ties in the United States were the first to im-
plement computer assisted valuation meth-
ods.’® Some of the earlier applications of
computers to the assessment or appraisal of
real property are referred to in the literature
under such names as Computer Assisted

PROPERTY VALUATION

Mass Assessments (CAMA), Computer As-
sisted Review Appraisals (CARA), and
Computer Assisted Real Estate Appraisal
System (CAREAS)' These systems are
essentially automated versions of traditional
valuation methods such as the comparative
sales approach. While some systems fo-
cused mainly on the automation of standard
forms and record keeping, others provide
eatly examples of the application of multi-
variate regression models to the task of
valuation.

Rules-Based Artificial Intelligence

Rules-based artificial intelfigence (Al} meth-
ods, also called expert systems, atiempt to
apply or emulate, via computer programs,
established principles and guidelines, such
as those contained in standard texts on
practices and standards for real estate ap-
praisal, or comprising professional stan-
dards, such as the Uniform Standards of
Professional ~ Appraisal Practice, or
USPAP.'S One advantage that rules-based
methods have over “black box” approaches
such as multiple regression models or arifi-
cial neural networks {discussed below) is
that it may be easier to explain why a partic-
ular result was obtained, On the other hand,
rules-based systems depend critically on the
efficient selection of the sample of compara-
ble properties to be used as the basis for es-
timating the value of the subject property.
This is another potential source of error
stnce the existence of recent sales is itself a
statistical process subject to its own sources
of variation and bias.'®

Valuations based on expert systems can be
used to supplement or replace human ap-
praisals, In this case, the perceived accu-
racy of the results may also depend on the
extent to which human appraisals are actu-
ally consistent with the theory or quantifiable
standards underlying the system.'” While
there is consensus that appraisal standards
and practices have improved over the past

10 years, there remains a general percep-
tion that valuations based on arms-length
sales transactions provide more accurate
and meaningful representations of market
value,'® Current directions peint to rules-
based expert systems calibrated using ac-
tual sales transactions, and this shouid lead
to more accurate and robust estimates of
market value.

Artificial Neoral Networks

Arificial neural neiworks attempt io emulate
the process by which the human brain con-
verts external stimuli (inputs) into specific re-
spenses  (outputs) via neurons and
synapses. In this sense an artificial neural
network is a type of Al model that replicates
the tearning process that occurs in the brain.
In the case of an arificial neural network,
mathematical functions called "nodes” are
used o represent the neurons and are con-
nected to each other in processing layers
corresponding to the input layer, hidden
layer or layers, and the output layer.

Worzla, Lenk, and Siiva {1995) provide a
summary of the neural network approach to
real estate valuation and a comparison with
multipte regression modeis.'® When applied
io property valuation, the fnputs are the ex-
planatory or independent variables, such as
location and property characteristics, and
the output is the dependent variable, in this
case the property value. The hidden tayers
are generally nonlinear mathematical func-
tions that assign weights to the inputs as
they pass through the nodes of the hidden
layer to the output layer. The ultimate goal of
the neural network is to determine the
weights that will result in a response like
that which really exists between the inde-
pendent variables and the output or depen-
dent variable. Typically, one subset of data
is used to “rain” the model through re-
peated iterations until some objective func-
tion is satisfied, and then the model is
tested for accuracy on another subset of
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data by letting it predict outputs based on a
new set of inputs.

HISTORICAL DEVELOPMENTS

This section of the paper provides a brief
history of the evolution of HPIs and AVMs in
the United States. Once again, the develop-
ment and application of alternative methods
largely reflects data content and availability.

Commerce Constant Quality Index

Since the 1960s, the U.S. Depariment of
Commerce has issued constant-quality
house prices indexes for new homes sold
and listed for sale. The Commerce Con-
stant Quality Index (CCQl) is a hedonic
house price index based on data from the
Housing Sales Survey conducted by the
Bureau of the Census.20 The sample used
to estimate the CCQI comprises approxi-
mately 13,000 new houses sold or listed for
sale each year. Information on the physical
characteristics and sales prices of new
one-family houses are obtained through in-
terviews with a nationally representative
samptle of builders and owners. A national
price index is derived from five separate
price models: four for detached houses in
each of the Census regions, and one
model for attached houses. Each model is
“designed to measure changes ovet time in
the sales price of new one-family houses
which are the same with respect to many
impartant physical characteristics.” House
characteristics included in all five models
are: floor area, geographic division within
the region, inside or outside a metropolitan
statistical area (MSA), number of fire-
places, number of bathrooms, type of park-
ing facility, and type of foundation. The na-
tional index s a weighted average of the
five indexes for detached and attached
houses, and the weights are defined using
various combinations of housing character-
istics. The price index is computed from ac-
tual transaction prices, which include the
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value of the developed lot. However, land
costs are not explicitly accounted for in the
hedonic estimation and weighting pro-
cedures.

Other Research on Hedonic Indexes

A number of academic researchers have
developed hedonic house price indexes,
primarily from periodic surveys like the
American Housing Survey {AHS).2' The
AHS includes data on both new and existing
properties, and provides information on the
physical attributes of properties and neigh-
borhoods and the demographics of occu-
pants. A unique aspect of AHS data is that
for many years the only source of informa-
tion on housing values was owner's valua-
tions. Kiel and Zabel (1998) provide a sum-
mary of research on the accuracy of
owners’ estimates of housing value for a
number of data sources, including the
AHS.22 These studies generally find that
owners tend to overestimate their property
values when compared with appraisals, es-
timates from hedonic regressions, or actual
sales prices. Kiel and Zakel develop a more
complete model thai includes some earlier
models as special cases and find that own-
ers do overestimate their property values by
about 5% on average, but that the differ-
ences are not related to particular occupant,
house, or .neighborhood characteristics.
This implies that owners’ valuations remain
fairly reliable for measuring changes in
housing prices over time.

NAR Existing House Price Series

The first large-scale effort to provide pur-
chase price indexes of existing houses was
undertaken by the National Association of
Realtors (NAR), utilizing multiple listing ser-
vice (MLS) data from local member of-
fices.2* The NAR continues to publish
monthly and annual house prices series
showing the mean and median prices of
houses listed for sale.

Case-Shiller Repeat-Sales Indexes

Renewed interest in constant quality in-
dexes for existing homes was stimulated in
the late 1980s by the work of Case and
Shiller (1987, 1989). Case and Shiller began
by utilizing muttiple listing service (MLS)
data obtained from local real estate organi-
zations in four U.S. cities (Atlanta, Chicago,
Dallas, and Qakland) to estimate repeat-
sales house price indexes. Case and Shiller
subsequently expanded their original re-
search into a national data collection effort
and established a commercial business
marketing house price indexes and an on-
line property vatuation service.

Agency Repeat-Transactions Indexes

Government-sponsored enterprises (GSEs)
Fannie Mas and Freddie Mac have devei-
oped repeat-transactions indexes utilizing
the sales prices or appraisa! values of resi-
dential properties securing loans sold into
the secondary mortgage market in the
United States. The GSEs now publish an
index series based on their combined data
under the name Conventional Morigage
Home Price Index (CMHPI).24

COFHEQ, the financial safety and soundness
regulator for. Fannie Mae and Freddie Mac,
produces and publishes an official govern-
ment house price index series based on data
submitted each quarter by the GSEs and
employing essentially the same statistical
methodology for repeat transactions. The
OFHEQO HPI was developed to meet certain
regulatory requirements for the use of house
price indexes in projecting the financial per-
formance of the GSEs under stressiul eco-
nomic scenarios.28 Since 1995, OFHEO has
published quarterly index series for the na-
tion, the nine Census divisions, and the 50
states and the District of Columbia. OFHEO
has recently undertaken to release quarterly
indexes for 329 metropolitan areas. Akey as-
pect of the OFHEC HPI is its unrestricted
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