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(57) ABSTRACT 

The present invention builds Home Data Index (HDI) models. 
One driving force behind this HDI initiative is that no one 
model or measure can truly capture the widely dynamic 
movement of home prices. Even within a small geographical 
area, such as a ZIP code, there is significant variation in 
property sale types, sale frequencies and sale values. To better 
describe these variations, the present invention presents a 
Suite of paired sales and price per square foot index models 
built around an array of property transaction characteristics. 
These HDI models expand on the usage and understanding of 
traditional home price indices (HPIs) by implementing a mul 
tidimensional index comprised of four main dimensions: 
geography; time frames; value range; and property sales type. 
Several layers exist within each dimension, allowing for more 
than 300 different index model perspectives for a given prop 
erty address. For each permutation among the layers of the 
four main dimensions, a model is constructed with an asso 
ciated confidence score that reflects the statistical relevance 
of each estimate. 
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METHOD AND SYSTEM FOR PROVIDINGA 
HOME DATA INDEX MODEL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional and claims priority 
benefit to U.S. patent application Ser. No. 12/581,060 filed 
Oct. 16, 2009, which claims priority U.S. provisional patent 
application No. 61/106,575 filed Oct. 18, 2008, which is 
incorporated by reference as if set forth herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to determin 
ing real estate trends and housing values, and, more specifi 
cally, to a Method and System for Providing a Home Data 
Index Model. 
0004 2. The Prior Art 
0005. The US Office of Federal Housing Enterprise Over 
sight (OFHEO) publishes the OFHEO HPI, a quarterly broad 
measure of the movement of single-family house prices. The 
Housing Price Index (HPI) is a weighted, repeat-sales index, 
meaning that it measures average price changes in repeat 
sales or refinancings on the same properties. This information 
is obtained by reviewing repeat mortgage transactions on 
single-family properties whose mortgages have been pur 
chased or securitized by Fannie Mae or Freddie Mac since 
January 1975. The HPI was developed in conjunction with 
OFHEO's responsibilities as a regulator of Fannie Mae and 
Freddie Mac. It is used to measure the adequacy of their 
capital against the value of their assets, which are primarily 
home mortgages. 
0006. The Case-Shiller index prices are measured 
monthly and track repeat sales of houses using a modified 
version of the weighted-repeat sales methodology proposed 
by Karl Case and Robert Shiller. This means that, to a large 
extent, it is able to adjust for the quality of the homes sold, 
unlike simple averages. 
0007. The IAS360 House Price Index provides a monthly 
view of housing price trends in the US based on neighborhood 
level data (market trends at a county level). IAS360 is a 
comprehensive housing index tracking monthly change in the 
median sales price of detached single-family residences in 
more than 15,000 “neighborhoods’ across the US. This data 
is then rolled up to report on the changes in 360 counties, nine 
census divisions, four regions, and the nation overall. The 
timeliness of the data, which is based on all arms-length 
transactions occurring in underlying neighborhoods, makes 
the IAS360 one of the leading indicators for housing price 
trends in the US. 
0008 Generally, a Home Price Index (HPI) is a measure of 
how home prices in an area appreciate or depreciate over time 
based on the sales activity over the same period. One main 
purpose of HPIs is to offer insight into how market forces 
affect property values in a particular area. Several statistical 
approaches are currently used to determine appreciation 
rates, each with a different way of dealing with time frames, 
geographic resolutions and sale types. Some published HPIs 
tend to generate indices at large geographical perspectives, 
Such as state, regional, or metropolitan areas. Additionally, 
many of the current methodologies also require a substantial 
time delay between the date of release and the dates for which 
the estimates are made. In some cases as much as three 
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months pass between the time an estimate is made and the 
time it is made available. Furthermore, some HPIs only con 
sider a specific class of property sales types, or fail to distin 
guish among distinct sales types, thereby omitting important 
sectors of markets that may have significant impact on overall 
changes. 
0009 First introduced in 1963 by Bailey, Muth and 
Nourse 1 the paired sales (or repeat sales) home price index 
is based on a linear regression model of relative price changes 
in repeat transactions of the same property against the time 
periods from which the sales occurred. The underlying idea is 
that by only considering repeat sales on the same property, 
extraneous factors are controlled since changes in value for a 
particular property, given no structural changes, can be attrib 
uted solely to changes in market forces. The linear model then 
tries to fit the best level of appreciation or depreciation for a 
given time period by minimizing the error with all observed 
changes for that time period. Because properties with long 
time intervals between Subsequent sales are more likely to 
have structural improvements, the basic model was later 
improved by Case and Shiller 3 in 1987 by introducing an 
interval weighting procedure that reduces the importance of 
observations that have longer time intervals between repeat 
sales. Paired sales index models have received considerable 
attention as a reliable measure of appreciation and deprecia 
tion for real estate markets. 
0010. Another method of determining property value is 
Price Per Square Foot (PPSF). Simply put, the PPSF of a 
property at the time of a sale transaction is the sale price 
divided by the area of the interior of the property as measured 
in square feet. As opposed to the paired sales model which 
requires at least two sales of the same property without 
knowledge of property characteristics, the price-per-square 
foot (PPSF) approach requires knowledge of the area of the 
interior of the property but may be obtained from only one 
sale. This fundamental difference allows the PPSF approach 
to incorporate a greater set of available data including homes 
that are selling for the first time. Formally, the PPSF model is 
typically based upon the median PPSF of all property trans 
actions within a specified time interval. 
0011 Recent events, including the crash of the subprime 
mortgage lending market, the bailout and regulation of Fan 
nie Mae and Freddie Mac, the failure of a number of banks 
and insurance companies, and the bailout of the banking 
industry have shown that the current tools available for deter 
mining housing values are too inaccurate and often provide 
stale information. More timely and accurate tools for deter 
mining housing valuations would be advantageous. 

BRIEF SUMMARY OF THE INVENTION 

0012. The present invention builds Home Data Index 
(HDI) models. One driving force behind this HDI initiative is 
that no one model or measure can truly capture the widely 
dynamic movement of home prices. Even within a small 
geographical area, Such as a ZIP code, there is significant 
variation in property sale types, sale frequencies and sale 
values. To better describe these variations, the present inven 
tion presents a Suite of paired sales and price per square foot 
index models built around an array of property transaction 
characteristics. These HDI models expand on the usage and 
understanding of traditional home price indices (HPIs) by 
implementing a multidimensional index comprised of four 
main dimensions: geography; time frames; value range; and 
property sales type. Several layers exist within each dimen 
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sion, allowing for more than 300 different index model per 
spectives for a given property address. For each permutation 
among the layers of the four main dimensions, a model is 
constructed with an associated confidence score that reflects 
the statistical relevance of each estimate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a graph showing an example of the rolling 
and fixed quarter representation vs. traditional methods, in 
accordance with one embodiment of the present invention; 
0014 FIG. 2A is a diagram that shows the range of spatial 
precision used in the present invention's HDI based on State 
and MSA Levels; 
0015 FIG. 2B is a diagram that shows the range of spatial 
precision used in the present invention's HDI based on 
County and ZIP Code Levels; 
0016 FIG. 2C is a diagram that shows the range of spatial 
precision used in the present invention's HDI based on ZIP 
Tracts, and Block Groups; 
0017 FIG. 3A is a graph illustrating an exemplary repre 
sentation of bin outputs, in accordance with one embodiment 
of the present invention; 
0018 FIG. 3B is a graph illustrating an exemplary repre 
sentation of direction outputs, in accordance with one 
embodiment of the present invention; 
0019 FIG. 4 is a flowchart illustrating geocode cascading, 
in accordance with one embodiment of the present invention; 
0020 FIG. 5 is a flowchart illustrating geocode cascading 
for calculating a Home Data Index, in accordance with one 
embodiment of the present invention; and 
0021 FIG. 6 is a block diagram illustrating a General 
Purpose Computer, such as utilized for calculating Home 
Data Indices, in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0022. One goal of the Home Data Index (HDI) in the 
present invention is to provide an accurate view of real estate 
markets by incorporating various levels of geographic preci 
Sion, time frames, value intervals, and sale types. Generally, a 
Home Price Index (HPI) is a measure of how home prices in 
an area appreciate or depreciate over time based on the sales 
activity over the same period. One main purpose of HPIs is to 
offer insight into how market forces affect property values in 
a particular area. Several statistical approaches are currently 
used to determine appreciation rates, each with a different 
way of dealing with times frames, geographic resolutions and 
sale types. Some published HPIs tend to generate indices at 
large geographical perspectives, such as state, regional, or 
metropolitan areas. Additionally, many of the current meth 
odologies also require a substantial time delay between the 
date of release and the dates for which the estimates are made. 
In some cases as much as three months pass between the time 
an estimate is made and the time it is made available. Further 
more, Some HPIs only consider a specific class of property 
sales types, or fail to distinguish among distinct sales types, 
thereby omitting important sectors of markets that may have 
significant impact on overall changes. Motivated by these 
limitations, the approach to real estate market appreciation 
rates in the present invention includes varying spatial resolu 
tions, data time lag resolutions, sale value stratification, and 
property sales types. These four main dimensions allow the 
present invention to provide the clearest picture of market 
dynamics at the Smallest geographical area, using the most 
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recent data available. By allowing users to view market indi 
ces this way, a more tailored index may be obtained with 
greater relevance toward a user's needs. In short, the present 
invention's HDI allows one to view real estate markets 
through an array of prisms to better Suit the various charac 
teristics of markets across the country. 
0023 To begin, it makes sense to reiterate the definition of 
a home price index. A HPI is typically considered a measure 
of the movement of home prices in an area, giving numeric 
valued estimates as to how much a particular area is appreci 
ating or depreciating. The present invention uses two 
approaches to measuring real estate market changes. The first 
is based on paired sales of distinct properties and the second 
is based on the movement of price per square foot trends. 
(0024 First introduced in 1963 by Bailey, Muth and 
Nourse 1 the paired sales (or repeat sales) home price index 
is based on a linear regression model of relative price changes 
in repeat transactions of the same property against the time 
periods from which the sales occurred. The underlying idea is 
that by only considering repeat sales on the same property, 
extraneous factors are controlled since changes in value for a 
particular property, given no structural changes, can be attrib 
uted solely to changes in market forces. The linear model then 
tries to fit the best level of appreciation or depreciation for a 
given time period by minimizing the error with all observed 
changes for that time period. Because properties with long 
time intervals between subsequent sales are more likely to 
have structural improvements, the basic model was later 
improved by Case and Shiller 3 in 1987 by introducing an 
interval weighting procedure that reduces the importance of 
observations that have longer time intervals between repeat 
sales. Paired sales index models have received considerable 
attention as a reliable measure of appreciation and deprecia 
tion for real estate markets. 

0025. The mechanics behind the paired sales model in the 
present invention follow close to the three stage weighted 
repeat sales model. The main mathematical principle behind 
the model is that house prices are determined by a market 
index plus some random volatility that follows a log-normal 
diffusion process. The errors for this model are further 
assumed heteroskedastic, or put another way, the errors are 
assumed to be correlated to the time between subsequent 
sales. In a first stage of construction, market changes are 
estimated under the assumption that errors associated with 
the differences in repeat sales ratios are independent of time 
between sales. In a second step, this assumption is relaxed and 
the relationship between the time intervals and the stage-one 
errors are found. In a final step, the paired sales are 
re-weighted to reflect the extra degree of uncertainty to those 
sales with longer time intervals between sales. The estimates 
in this last step are reported as the final index values. For the 
first stage, the price, T, of home i sold at time t has the 
following relationship: 

log (J.,)-log (I)+H+N (1) 

where I, is the market index value for that area, H, is a 
Gaussian random walk process representing the Volatility 
overtime, and N, is white noise error associated per timeper 
property and is uncorrelated over time and with other prop 
erties. Thus, taking logs of relative price changes for the same 
property I sold at time t and t, we get: 
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7i. (2) lost = -log(l) + log(l) + &I. 

where -e, , is a generalized error term consisting of the 
differences in the Gaussian diffusion processes and the dif 
ferences in the uncorrelated white noise terms. To better 
account for data which contains erroneous sale values or 
situations where there are unusual price changes, a relative 
price change limit is also imposed by the present invention. 
Paired sale pairs are removed from model construction if the 
average appreciation or depreciation per quarter is more than 
Some prespecified or configured limit. In one embodiment of 
the present invention, this limit is 33 percent. Equation 2 
(above) demonstrates how log price ratios on the same dis 
tinct property can be viewed as differences in the logged 
index values at the two time periods where the sales occurred 
plus Some random variation. After controlling for outlying 
relative price changes, this framework allows for direct appli 
cation to ordinary least squares regression. To see this, first 
define the (nxt) dummy variable matrix D to be: 

-1 If property is first sale is in time period it (3) 
Di = ( 1 If property is second sale is in time period it 

O Otherwise 

0026. Also, define Y to be a (nx1) vector of logged price 
relatives, where n is the number of total paired sale transac 
tions for a given area. Similarly, define e to be a (nx1) vector 
of error terms following a Gaussian distribution and B to be a 
(tx1) vector of unknown logged index values, where t is the 
total number of time periods. Then the vector representation 
of equation 2 can then be rewritten as 

where the vector of unknown logged index values, 3, is cal 
culated as the Solution to least squares regression. As noted in 
2. to avoid perfect collinearity a base period should prefer 
ably be set where the index value is restricted to a certain 
value. For the HDI rolling quarter setup in the present inven 
tion shown in the example in FIG. 1, the base quarter is 
typically assigned to be the seventh quarter prior to the cur 
rent quarter and for the fixed quarter setup the base quarter is 
assigned to be quarter 2 of the year 2006. As noted above, the 
errors associated with a first stage estimation have been 
shown 3 to be heteroskedastic with respect to time. To 
account for this, the second stage procedure in the present 
invention aims to find how the errors are related to the time 
between sales. Because of the assumptions of the initial 
model, the errors from the first stage have the following 
relationship: 

where (p, is another idiosyncratic error term. Ordinary least 
squares regression is again typically used to estimate the 
parameters A, B, and C. The estimated parameters in this 
second stage represent the level of dispersion for sales around 
the market index as a function of time. The fitted error esti 
mates, e,f, from the second stage are then used as inputs into 
the final third stage of weighted least squares regression. The 
third stage estimation involves weighting each paired sale by 
its time between subsequent sales. Using the fitted error esti 
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mates from the second stage estimation, the final index values 
are derived from the following equation: 

lo:/vi -log1, ? vs. +log I./ve sitt / ve (6) it. 

0027. Since the weighted regression is typically per 
formed on the logged indices values in the present invention, 
the index values are found by component-wise exponentiat 
ing the estimated parameter vector found in the third stage. 
Finally, because of the initial assumptions of log normality of 
the first stage model, the standard error for an index value I, at 
time period t is: 

Ot, = lica, (7) 

where B, is the standard error observed in the third stage 
estimation. 

0028. Two main driving forces can introduce significant 
Volatility into the paired sales model: property up-grades/ 
damages and limited Sample sizes. Both sources of Volatility 
can affect the estimation of market appreciation in either an 
upward or downward bias of appreciation. The present inven 
tion's HDI solution provides controls for both sources to 
better capture true market changes. By design, the paired 
sales model attempts to control for differences in property 
characteristics and other extraneous variables by only calcu 
lating appreciation from those properties where two or more 
sales exist. The paired sales design historically depends on 
the assumption that no structural changes have occurred with 
the property, thus attributing price differences solely to mar 
ket forces. However, as many home owners know, structural 
improvements are a natural occurrence during the lifetime of 
a home. In particular, structural improvements made imme 
diately after a purchase of a home with the intent of improving 
condition for an immediate re-sell, otherwise known as a 
“flip', can cause the observed appreciation for the observed 
time interval to be bias upward. The possibility also exists for 
over-estimating market appreciation where no immediate 
resale occurs after improvements. The same idea holds true 
for properties that experienced Substantial damages not asso 
ciated with typical wear and tear of use. Such as in cases of 
damages attributed to fires, hurricanes, and other natural 
disasters. In these cases the reverse effect is observed: the 
estimation of market dynamics is biases downward. 
0029 Small sample size or biased sample selection is 
another source of variance in the construction of the typical 
paired sales model. Nearly all statistical models rely on the 
assumption that the data being analyzed are a representative 
sample of the population. When data sample sizes are small or 
are biased in the way they sample the population, there is a 
risk that the data does not accurately capture the full feature 
set of the population. In the case of real estate transactions, 
biased samples may occur when there is a systematic omis 
sion of transaction records for a particular county. Such is the 
case when real estate owned (REO) property sales are not 
processed in public records. Similarly, increased volatility 
occurs in the paired sales model for non-disclosure areas, new 
developments (first ever sale transactions), or where little to 
no sale transactions take place. 
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0030 The implementation of the paired sales model in the 
present invention aims to control for these extra layers of 
volatility by placing restrictions on the set of available paired 
sales and by conditioning the input data to better isolate 
systematic bias. In efforts to exclude property flips or poten 
tial fraudulent transactions, any Subsequent sales on the same 
property must have occurred at least a prespecified (90 in one 
embodiment of the present invention) days apart from one 
another. This filter helps to control for property flipping and 
also for errors in data entry that record two Subsequent sales 
within a matter of days. In addition to placing a time require 
ment between Subsequent sales, as mentioned elsewhere 
herein, candidate paired sales must not have appreciated or 
depreciated on average more than a prespecified amount (33 
percent in one embodiment of the present invention) per 
quarter. Additionally, paired sales that have a long time inter 
val between subsequent sales are preferably down-weighted 
to reflect an increased chance that a property has had struc 
tural upgrades. As will be described below, the present inven 
tion preferably segments input data along four main dimen 
sions allowing distinct paired sales models to be built per 
individual market segment. The net result of building a Suite 
of models based on the principal dimensions is that any Sam 
pling bias is more easily identified. Because the data are 
segmented, for example by sale price, any systematic bias 
within sale price is captured and consequently a model may 
be built solely for that class of property, thus turning any bias 
into a more specified model class. 
0031. In addition to the weighted paired sales approach, 
the present invention also preferably uses price per square 
foot (PPSF) trends to better understand market dynamics. 
Simply put, the PPSF of a property at the time of a sale 
transaction is the sale price divided by the area of the interior 
of the property as measured in square feet. As opposed to the 
paired sales model which requires at least two sales of the 
same property without knowledge of property characteristics, 
the price-per-square-foot (PPSF) approach requires knowl 
edge of the area of the interior of the property but may be 
obtained from only one sale. This fundamental difference 
allows the PPSF approach to incorporate a greater set of 
available data including homes that are selling for the first 
time. Formally, the PPSF model is typically based upon the 
median PPSF of all property transactions within a specified 
time interval. That is, the PPSF of home i at time t is given by: 

7; 

PPSF = (8) 

where BS, is the building size of the property. The PPSF 
trends are then typically obtained by aggregating all PPSF 
values over a specified time range, typically 91 days, and 
taking the median value of that set. The series of median PPSF 
values over subsequent time intervals define the PPSF index. 
0032. Analogous to the paired sales model construction, 
the PPSF index values are associated with a measure of vola 
tility and the PPSF Index in the present invention uses the 
median absolute deviation (MAD). The MAD value for a set 
of numbers describes how much deviation, or spread, there is 
from the median value. In the case of the median PPSF, the 
MAD measures the dollaramount that half of the PPSF values 
fall from the median PPSF. For a set of sale transactions of 
size Nsuppose that PPSF, represents the PPSF of property i 
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during a specific time interval t, then the MAD value for the 
set of N PPSF values is given by: 

MAD-median(IPPSF-PPSF, ... PPSF 
PPSF) (9) 

where PPSF, is the median PPSF during a specific time 
interval t. 
0033. One main source of volatility for the PPSF index 
typically is that the median value at each consecutive time 
interval is taken for a set of sales that are not assured to be 
similar in terms of property characteristics. For example, in 
one quarter, there may be a wave of sales of low priced homes 
as investors look to buy good bargains, but in the following 
quarter, high priced homes may be selling as people look to 
upgrade their dwellings. The net effect of this scenario is that 
the PPSF index would show a large bias toward the change in 
properties being sold as opposed to capturing the true appre 
ciation rate, which may or may not be increasing. For areas 
where the quarter-by-quarter sample of sales transactions are 
approximately similar in terms of types of homes being sold, 
the PPSF index will often do well to show changes. However, 
changes in the PPSF index may be attributed to changes in 
buyers preferences rather than changes in market forces 
when consecutive samples are not similar. In general, this 
effect is most visible for large geographical areas, such as at 
a state level, which encompass many possible housing types 
and thus PPSF values leading to significant volatility in the 
median PPSF trend. Another source of variation arises from 
the different reporting standards of property size. Reporting 
standards of property size may vary from county to county 
and some may even omit usable living space Such as finished 
basements. These differences in reporting standards may 
increase volatility in the PPSF trend since omitting a certain 
portion of usable living space will artificially increase the 
PPSF value. Interestingly, if a certain area consistently 
reports the total living area, even if the value is not accurate, 
the PPSF trend will still reflect changes in buying patterns on 
a proportional level. That is, even though the actual PPSF 
values are biased, the relative change of the index over sub 
sequent quarters will often still reflect true buying patterns. 
0034. The unique Home Data Index (HDI) solution in the 
present invention builds upon repeat sales and price-per 
square foot methodology by segmenting a collection of 
national property transactions into four major dimensions: 
time, geography, value range, and sales type. Other segmen 
tations are also within the scope of the present invention. Each 
of these four dimensions allows users to control for greater 
clarity and resolution in the vast array of dynamic real estate 
markets found in the United States. 
0035. One recurring complaint about current home price 
indices (HPI) methodologies is the frequency and time lag for 
which HPI estimates are released. For instance, the Office of 
Federal Housing Enterprise Oversight (OFHEO) releases a 
very popular HPI four times a year, with each release giving 
estimates for the quarter two months prior to the release date. 
In other words, at the time that the OFHEO HPI is released, 
the HPI estimates are for a time period approximately two 
months in the past. In times of Volatile real estate markets, 
Such infrequency and lag-time for estimates is unacceptable. 
The HDI in the present invention aims to overcome these time 
delays by incorporating rolling quarter in addition to fixed 
quarter time frames. 
0036 FIG. 1 is a graph showing an example of the rolling 
and fixed quarter representation VS traditional methods, in 
accordance with one embodiment of the present invention. 
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Rolling quarter time frames provide the most flexibility in 
terms of using the maximum amount of data to provide the 
most current estimate possible. Unlike traditional calendar 
year quarters, which have specific starting dates (January 1, 
April 1, etc.) and have either 90, 91 or 92 days in each, rolling 
quarters have no specified Start dates and only the duration for 
which they run is (typically, but not necessarily) fixed, 
namely 91 days in the case of rolling quarters. In efforts to 
maximize the availability of incoming data, the most recent 
rolling quarter is defined to be the most recent 121 days with 
Subsequent rolling quarters consisting of 91 day segments. 
Because rolling quarter time frames have no fixed start date, 
they can be used to generate indices at any arbitrary time 
period. The ability to start a quarter at any arbitrary time is one 
thing that gives the rolling quarter the most flexibility. For 
example, Suppose someone is interested in the market 
changes in a certain area for the week of May 19. With 
traditional fixed quarters, one would have to potentially wait 
until early September to get estimates about the second cal 
endar quarter, and would only have quarter 4 of the previous 
year estimates available on May 19. Using the approachin the 
present invention, the most recent quarter would be fixed so 
that the quarter ended on May 19 allowing for the most 
current data to be input into model construction. The HDI 
would be built from the new quarter configuration and an 
estimate for market changes pertaining to the quarter ending 
May 19 could be calculated. This example illustrates that the 
rolling quarter method gives the present invention a way to 
produce up-to-date market indices as new data flows in, giv 
ing users the most current market measures available. 
0037 Note that in one embodiment of the present inven 

tion, rolling quarters are implemented. However, the present 
invention is not limited to rolling quarters. Rather, one 
embodiment of the present invention allows users to specify 
the length of periods. Thus, users can chose rolling months, or 
rolling thirds, or, indeed, any other period of time that the 
might have an interestin. Also, the periods do not have to have 
the same length or number of days. Thus, in the example of 
rolling quarters disclosed above, the current quarter is con 
sidered to be 121 days long, whereas previous quarters are 
each 91 days long. This is because it was found that length 
ening the latest period increased the accuracy of the model, 
due to, for example, incomplete reporting during that period. 
Also, as disclosed above, the present invention also supports 
fixed periods of arbitrary prespecified length, Such as the 
fixed HPI shown in FIG. 1. 

0038. The present invention also offers a traditional fixed 
quarter approach to HDI construction to maintain a reference 
to other HPI reporting agencies, and a resource for users with 
fixed-calendar-quarter time frame needs. Similar to the 
reporting practices of other agencies, fixed quarters in the 
present invention represent time intervals as commonly 
accepted calendar quarters, with the four quarters starting on 
January 1, April 1, July 1, and October 1. However, as 
opposed to existing fixed quarter HPIs, the present invention 
offers current measures. For the first 45 days of each tradi 
tional quarter, the present invention reports the previous quar 
ter's HDI value. After 45 days, the present invention begins to 
report HDI estimates for the present quarter. In other words, 
the maximum delay under the fixed quarter setup is 45 days 
with a minimum delay of only a few days. In the example 
above, prior to May 15, the present invention would report 
HPI estimates for the first quarter of 2008, and on May 19 
estimates for the second quarter would be released. FIG. 1 
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shows the differences between the two ways in which time 
frames are considered and how the present inventions 
approach provides estimates with the most current data avail 
able. It is important to note in the examples above that since 
on May 19 the second quarter is still ongoing, precise esti 
mates are difficult to construct. However, there are situations 
where volatile, yet timely, estimates provide valuable insight 
to rapidly evolving markets. Estimates for quarters that are 
still ongoing provide a first look that is likely to evolve as the 
quarter progresses. Of course, knowing the degree of uncer 
tainty, or standard error of the estimates, can be important and 
accordingly is typically reported in the present invention to 
help users to determine how stable first-look estimates are for 
a particular area. Since the present invention frequently 
updates its HPI models as new data arrives, users can update 
their views and track changes in real estate markets as they 
develop. Considering these limitations, it is again worth not 
ing that the present invention’s primary rolling quarter model 
avoids most of this volatility by simply reconfiguring the 
boundaries that define quarter intervals. 
0039. One of higher priorities in the present invention with 
regards to home price index construction is the availability of 
fine geographical resolution. There is typically no argument 
that real estate markets vary greatly by area. Even with iden 
tical property characteristics, homes near waterfronts cer 
tainly have different dynamics than homes in the desert. In 
many, if not most cases, real estate markets vary considerably 
within metropolitan statistical areas and even within neigh 
borhoods. Motivated by this, the present invention attempts to 
provide as much geographical precision and options as pos 
sible, with market estimates constructed for areas as Small as 
census block groups (typically 300-500 housing units) and as 
large as states. Clearly, not all areas of the country will have 
Sufficient sales transaction data to provide estimates at the 
Smallest geographical resolutions, but in areas with high data 
density the ability to drill down to Such small geographical 
areas provides significant benefit. The HDI in the present 
invention evaluates market trends at a spectrum of eight 
points up to the state level, including: 

0040 Census Block Groups 
0041 Census Tracts 
0.042 ZIP Codes 
0043 Census Counties 
0044) Core Based Statistical Areas (CBMSA) 
(0.045 Metropolitan Divisions (MDMSA) 
0046 Combined Statistical Areas (CSMSA) 
0047 States 

Note that these eight points or levels are implemented in one 
embodiment of the present invention. Other points or levels 
may be implemented in other embodiments. For example, 
Census Blocks may be added, or several of the MSAs may be 
combined. 
0048 FIG. 2 is a diagram that shows the range of spatial 
precision used in the present invention's HDI. FIG. 2A shows 
State and MSA Levels, 2B shows County and ZIP Code 
Levels, and 2C shows ZIP Tracts, and Block Groups. Similar 
to the case of increased volatility for up-to-the-minute esti 
mates, models built at Small geographic areas will also tend to 
have estimates with increased variability. The present inven 
tion provides these rough estimates in order to allow users to 
get an up close view of the local markets. For housing areas 
where data density is high, the present invention's HDI allows 
one to drill downto the smallest available area of interest with 
increased confidence. Additionally, for users who prefer esti 
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mates based upon a specific spatial resolution regardless of 
standard error of the estimate, or degree of uncertainty, the 
present invention's HDI allows users to exclusively investi 
gate a specific spatial level where data Sufficiently exists. 
0049. The geo-referencing system in the present invention 
generalizes beyond HPI construction. Every sale transaction 
that enters assignee's proprietary database is geocoded to find 
its location in each of the eight spatial resolutions outlined 
above. Having this system in place allows for additional mea 
Sures to be estimated at the eight geographic levels including 
median sale prices, price per square foot, and average prop 
erty type to name a few. 
0050. To better understand the dynamics of market trends 
among different property value ranges, property sale transac 
tions are further decomposed by nominal sale value. The 
underlying idea is that higher priced homes tend to follow 
different market dynamics than lower priced homes. To allow 
users to explore these differences, one embodiment of the 
present invention provides a four-tiered pricing classification 
for each sale transaction. For every geographical area larger 
than Tract and distinct time unit (fixed or rolling quarter), the 
total set of property sale transactions are ordered by sale price 
and the 25' percentile and 75 percentile cutoffs are deter 
mined. The following set of cutoffs is used in that embodi 
ment to determine the collection of data to process: 

0051 Low Tier (L): Sales prices that are below the 25' 
percentile for given time and location 

0052 Mid Tier (M): Sales prices that are above between 
the 25" percentile and 75" percentile forgiven time and 
location 

O 1 : Sales orces that are above the 0053 Top Tier (T): Sales pri h b he 75th 
percentile for given time and location 

0054 All Tier (A): All sale transactions for a given time 
and location 

0055. In the case of the Block Group and Tract geogra 
phies, sale value tiers are typically determined from County 
aggregate data. One main reason for using County level sale 
value tiers is to control for biased tier cutoffs based on small 
sample sizes typically found at the Block Group and Tract 
geographies. Other tiers and cutoffs are also within the scope 
of the present invention. Also note that these values may be 
dynamically determined or modified in some embodiments of 
the present invention. 
0056. The fourth major dimension for which this embodi 
ment of the present invention's HDI is built from is the prop 
erty sales type. It is well known that not all property sale 
transactions are the same. In fact, there can be dozens of 
classes of sale types, each with a different classification as to 
the type of buyer, seller, and condition of sale. With so many 
delineations of property sales, it is imperative to clearly sepa 
rate sales that do not share fundamental characteristics. This 
embodiments HDI, like the time, spatial, and value range 
dimensions discussed above, incorporates a sales type dimen 
sion which helps to clarify whether sale transactions are fair 
market arm’s length transactions, distressed sales, conform 
ing, or any combination of the three. By carefully mining 
databases in addition to custom filtering tools, the transaction 
data supporting the HDI can be identified as a Real Estate 
Owned (REO) sale, foreclosure, or fair market arms length 
sale. Also, since the Government Sponsored Enterprises 
(GSEs) publicly post their requirements for conforming loan 
limits, conforming level tiers may be generated to assist users 
who work exclusively with conforming loans who also want 
the flexibility of the present inventions approach to time, 
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space, and value resolution. For example, one may wish to 
investigate only arms length transactions or a mix of both fair 
market and distressed sales for areas where there is a signifi 
cant proportion of both types of sales. A list of some insightful 
classifications are found below: 

0.057 
REOS 

0.058 REO Blended Mix of performing and dis 
tressed 

0059 Point estimates of market changes are often useful 
for many applications, but it would not be difficult to think of 
a situation where one would be less interested in a point 
estimate and more interested in an interval range. For others, 
an indication of market direction may be sufficient for appli 
cations. In efforts to provide solutions for each of these situ 
ations, embodiments of the present invention provide point, 
bin and direction HDI output. Given the point estimate and 
associated Standard errors as described in the preceding sec 
tions, bin and direction estimates provide a generalized inter 
val of values that allow users to see how likely the estimates 
are to fall into a particular range. In the case of the direction 
output, a direction of increasing or decreasing is returned with 
an associated value of how likely is the returned direction. 
0060 Similarly, the bin output is defined in one embodi 
ment to be the interval width of two percent centered around 
the point estimate, given with a probability of how likely the 
estimate is to fall in that range. Formally, the probability of the 
true (unknown) market index point being in the specified bin 
is equal to the probability that the point is contained within the 
bin interval under the assumption that the true market index 
point is a normally distributed random variable with mean 
equal to the point estimate and standard deviation equal to the 
index value standard error. 

0061 FIG. 3 is a set of graphs illustrating exemplary rep 
resentations of bin and direction outputs, in accordance with 
one embodiment of the present invention. FIG.3A shows Bin 
likelihood, and FIG. 3B shows Direction likelihood, in this 
example. To better understand how the bin and direction 
output generalize the point estimate, Suppose the estimated 
measure of market change for a given area, for the current 
time period, is -2.3% with a standard error value of 1.4%. 
Under these values, the bin output would be: 

Performing Fair market, arms length, non 

- 1.3 - (-2.3) -3.3 - (-2.3) 
BIN: (-33%, -1.3%), P(BIN) = d() d 1.4 1.4 

0062 Or if the estimated measure of market change for a 
given area is C, standard error value is E, and the BIN width 
is A, then: 

0063. The direction output is calculated in an analogous 
manner, but only considers two possible bins: (-OO.0 and 
(0.OO. In the example given above the direction output would 
be: 
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O - (-2.3) 
Direction: (-ca, O, P(Direction) = o 1.4 O 

O - C - C 
Direction: (-ca, O, P(Direction) = d() d() 

Exemplary graphical representations of the likelihood that 
the market changes fall within each bin or direction are given 
in FIG. 3. 

0064. In today’s volatile real estate markets, it is of utmost 
importance to have reliable and accurate measure into the 
status and momentum of price changes. The approach of the 
present invention to HPI construction takes into consideration 
Some of the most important elements facing real world users 
of home appreciation indices and presents them in a form that 
is easy to understand and use. This HDI solution takes a four 
(or more) dimensional view of property sale transactions to 
deliver near real-time market valuations for an array of prop 
erty type sales as well as at various spatial resolutions. In 
addition to this four dimensional approach, this HDI inven 
tion also offers three output types for users who either want a 
specific, an interval, or a directional view of market perfor 
aCC. 

0065. The innovative multidimensional approach of the 
present invention to home price index (HPI) construction 
opens the door for more detailed and sale type specific analy 
sis for thousands of geographic areas around the country. For 
a single location in the country, models from one embodiment 
can provide over 300 different index perspectives reflecting 
the two model types (PPSF, PS), eight geographic levels, two 
time interval structures, four price tier segmentations, and 
three sales type classifications. This expansive coverage is a 
real world approach to the seemingly endless combination of 
ways real estate transactions occur. In addition to providing a 
collection of home price indices that model the intricacies of 
localized markets, the present invention also provides auto 
mated selection criteria via an algorithmic approach. With 
this added feature, an optimal set of HDIs for a givenportfolio 
may be selected based on a maximum threshold of volatility. 
The suite of models delivered by the present invention allows 
the user to make important financial decisions based on a 
spectrum of estimates that range in Volatility or risk. Because 
of the inflow of new property sale transaction data and data 
mining of assignee's proprietary database, the entire collec 
tion of HDI models are continually being updated, allowing 
users to track changes in real estate markets as they happen. It 
is the comprehensive view of time, space, and sale type that 
ultimately separate the present invention’s home data indices 
(HDIs) from the rest of the field. 
0066 A Geographic cascade is utilized in the present 
invention for the purpose of selecting the most appropriate set 
of data, indicator or model, starting or ending at a geocode 
(i.e. Latitude & Longitude) and stepping through various 
markets and or segments based on adjustable data quality 
measures such as standard deviation, median absolute error, 
number of observations or other measure of data quality. 
0067 HDI calculation in one embodiment of the present 
invention features an address level cascade that provides the 
Smallest geographically relevant data, indicator or model pos 
sible. This is typically accomplished using a spatially-en 
abled/GIS database of properties (i.e. latitudes & longitudes) 
and markets (i.e. areas and/or data segments) which allow one 
to step through various spatially determined hierarchies of 
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markets until the Smallest geographic area providing Suffi 
cient data is identified. The present invention looks at the 
geographic point that a property exists and makes determina 
tions from there. Within geographic Zones, the cascade may 
further check through set characteristics (e.g. price tiers) at 
different levels of granularity before moving on to larger 
geographic Zones to find Sufficient data. 
0068 FIG. 4 is a flowchart illustrating geocode cascading, 
in accordance with one embodiment of the present invention. 
The general process for geocode cascading comprises: 

0069. Geo-Code subject property, step 42 
0070 Determine markets related to the subject by spa 
tially comparing the Subject’s geo-code to a pre-set or 
on-the-fly computed market area(s), Step 44. 
0071 Market areas may be set based on an adjustable 
measure of quality or acceptability 

0.072 Set or determine market segment of the subject, 
step 46. 

0.073 Establish hierarchies of markets and data seg 
ments, step 48. 

0.074 Step through data, indicator or model related to 
each level of the hierarchy until an adjustable measure of 
quality or acceptability is met, step 50. 

0075 Return data, indicator or model that met accept 
able level, step 52. 

0.076 Optionally and independently repeat for multiple 
data, indicator or model types to return multiple model 
perspectives, step 54. 

0077. The geo level cascade methodology is a set of 
instructions that determine which Home Price Index model is 
returned within the Home Data Index infrastructure. The geo 
level cascade defines the logic that is used to choose from over 
300 Index models per address in one embodiment of the 
present invention. At a high level, the geographic cascade 
aims to choose from the best available Index model at the 
Smallest geographic resolution. In this context, geographic 
resolution may be any arbitrary set of overlapping geographic 
boundaries that may be ordered to reflect a certain hierarchi 
cal structure. For instance, geographic boundaries may 
include census boundaries such as blocks and tracts or politi 
cal boundaries such as congressional or school districts. Once 
an ordering is obtained for the set of geographical boundaries, 
a selection criteria is derived to choose among potential com 
peting models at the same geographic level. For example, 
there may be distinct models built that consider subsets of a 
population all at the same geographic level. To choose 
between competing models the selection criteria measures 
characteristics from each of the models to determine which 
returns a more reliable estimate of the value under consider 
ation. 
0078 Geocoding is the process of finding associated geo 
graphic coordinates (often expressed as latitude and longi 
tude) from other geographic data, Such as street addresses, or 
Zip codes (postal codes). With geographic coordinates the 
features can be mapped and entered into Geographic Infor 
mation Systems (GIS), or the coordinates can be embedded 
into media Such as digital photographs via geotagging. Geoc 
oding property addresses or locations are within the scope of 
expertise of those reasonably skilled in the relevant art. 
Indeed, online mapping services, such as Google Maps, 
implicitly geocode street addresses before displaying maps 
containing the street addresses. In the present invention, prop 
erties are geocoded using standard methodologies that have 
not already been geocoded, in one embodiment expressed as 



US 2013/01 03457 A1 

latitude and longitude. Also, when membership of properties 
in groups at specific geographic levels is not already deter 
mined, those geographic groupings have their boundaries 
geocoded, and the geocodes of Subject properties compared 
to those boundaries to determine membership thereof. Thus, 
it may not be necessary to geocode the boundaries of States, 
since the state that a property resides in is typically well 
known, but it may be necessary to geocode the boundaries for 
Census block groups. 
007.9 FIG. 5 is a flowchart illustrating geocode cascading 
for calculating a Home Data Index, in accordance with one 
embodiment of the present invention. In particular, for the 
current Clear Capital Home Data Index, the geo cascade 
follows the following paradigm: 
0080 Start with the smallest most relevant geographic 
resolution, step 62. For the HDI this is typically the Census 
block group geographic boundary. For a given statistical 
model, data set, or other quantitative measure, under the 
requirements that best match desired value at the current 
geographical area, check its accuracy, step 64. If model 
passes accuracy test, step 66, stop this iteration, if not con 
tinue. For the case of the HDI, the statistical model is the 
Home Price Index and the requirements are matched value 
(price tier) at the current geo level. Accuracy is measured in 
terms of statistical volatility to inputted threshold level. 
0081. If measured accuracy does not meet threshold crite 

ria, Step 66, check accuracy of model that generalizes char 
acteristics, but not geographic resolution, step 68. If the 
model passes the accuracy test, step 70, stop this iteration, if 
not continue. In one embodiment, the Subject price bracket is 
generalized to tier the All tier, and models volatility is 
checked against a threshold. 
0082 If measured accuracy still does not meet threshold 

criteria, step 70, step up a level in the geographic ordering 
(going from Smallest to largest), step 72, and require original 
most relevant set of requirements at the new geographic level 
and return to recheck accuracy, step 64. 
0083. A check is made whether or not there are more 
values to calculate, step 74. If there are more values to calcu 
late, step 74, the next one is selected, step 76, and the process 
is repeated, starting with the Smallest, most relevant geo 
graphic resolution, step 62. Otherwise, the process is com 
plete, step 78. This later set of steps is simplified for clarity 
here. In one embodiment of the present invention, housing 
value estimates in different cells in a spreadsheet of properties 
are calculated. For example, each row may be a separate 
property, with multiple columns corresponding to different 
HPI metrics or models. Thus, for example, there may be 
columns for paired sales, price per square foot (PPSF), point, 
bin, and direction. Market direction may be statistically valid 
at the block group level, whereas the bin may only be accurate 
at the zip code level. The present invention typically deter 
mines the lowest geographic level model that provides a 
statistically valid result. Also note that before trying higher 
geographic level values for statistical accuracy, other catego 
ries at that geographic level are generalized first, searching for 
a statistically valid value. Thus, while a property may be in the 
top tier in price, a value in one cell may not be valid in that tier, 
but may be for the “all tier grouping, and that value is used in 
preference to moving up to a higher geographic level. The 
result is that the lowest level, most selective, statistically valid 
value is calculated for each different property and metric. 
0084. The previous paragraphs describe a general cascad 
ing methodology in accordance with a preferred embodiment 

Apr. 25, 2013 

that operates by choosing the most granular model for a given 
address. The basic approach there is to first do a horizontal 
search among possible models at the same geographic level 
before stepping up vertically to the next most granular geo 
graphic level. This approach also may be generalized to allow 
user preferences to dictate the order in which cascading pri 
oritization is given. In particular, users may choose to place 
most importance on a specific segment of a model. Such as 
price tier, and as a result, search in a vertical manner along 
that component. In other words, if a preference is given, Such 
as price tier level, then the cascading methodology can itera 
tively search among different geographic levels only, thereby 
omitting the horizontal search within a geographic level. 
Alternatively, the same preference may be given to a geo 
graphical component. If a user wishes to only search for valid 
models within a specific geographic level, the cascading 
methodology could omit the vertical search and focus only on 
the horizontal search. These and other alternatives are all 
within the scope of the present invention. 
I0085 FIG. 6 is a block diagram illustrating a General 
Purpose Computer 20, such as utilized for calculating Home 
Data Indices, in accordance with the present invention. The 
General Purpose Computer 20 has a Computer Processor 22 
(CPU), and Memory 24, connected by a Bus 26. Memory 24 
is a relatively high speed machine readable medium and 
includes Volatile Memories such as DRAM, and SRAM, and 
Non-Volatile Memories such as ROM, FLASH, EPROM, 
EEPROM, and bubble memory. Also connected to the Bus are 
Secondary Storage 30, External Storage 32, output devices 
such as a monitor 34, input devices such as a keyboard 36 with 
a mouse 37, and printers 38. Secondary Storage 30 includes 
machine-readable media Such as hard disk drives, magnetic 
drum, and bubble memory. External Storage 32 includes 
machine-readable media Such as floppy disks, removable 
hard drives, magnetic tape, CD-ROM, and even other com 
puters, possibly connected via a communications line 28. The 
distinction drawn here between Secondary Storage 30 and 
External Storage 32 is primarily for convenience in describ 
ing the invention. As such, it should be appreciated that there 
is substantial functional overlap between these elements. 
Computer software Such operating systems, utilities, user 
programs, and Software to calculate Home Data Indices can 
be stored in a Computer Software Storage Medium, such as 
memory 24, Secondary Storage 30, and External Storage 32. 
Executable versions of computer software 33, such as defrag 
mentation Software and operating systems can be read from a 
Non-Volatile Storage Medium such as External Storage 32, 
Secondary Storage 30, and Non-Volatile Memory and loaded 
for execution directly into Volatile Memory, executed directly 
out of Non-Volatile Memory, or stored on the Secondary 
Storage 30 prior to loading into Volatile Memory for execu 
tion. 

I0086 Those skilled in the art will recognize that modifi 
cations and variations can be made without departing from 
the spirit of the invention. Therefore, it is intended that this 
invention encompass all Such variations and modifications as 
fall within the scope of the appended claims. 
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What is claimed is: 
1. A method of providing a home data index model com 

prising steps executed on a computer system for: 
Selecting a first period extending from a first date back 
wards a first prespecified number of days to a second 
date; and 

calculating a home price index for the first period. 
2. The method in claim 1 which further comprises: 
Selecting a second period extending from the second date 
backwards in time a second prespecified number of days 
to a third date; 

calculating the home price index for the second period; 
selecting a third period extending from the third date back 
wards in time a third prespecified number of days to a 
fourth date; and 

calculating the home price index for the third period. 
3. The method in claim 2 wherein: 
each of the periods is a rolling quarter. 
4. The method in claim 2 wherein: 
the first prespecified number of days is 121; and 
the second and Subsequent prespecified numbers of days 

are 91. 
5. A method of providing a home data index model com 

prising steps executed on a computer system for: 
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selecting a first period extending from a first date back 
wards to a second date falling on a prespecified calendar 
boundary; 

calculating a home price index for the first period; and 
adjusting the home price index for the first period to com 

pensate for a shorter period of time. 
6. The method in claim 5 further comprising: 
identifying a second period extending from the second date 

backwards to a third date falling on a prespecified cal 
endar boundary; 

calculating the home price index for the second period; 
identifying a third period extending from the third date 

backwards to a fourth date falling on a prespecified 
calendar boundary; and 

calculating the home price index for the third period. 
7. The method in claim 6 wherein: 
the prespecified calendar boundaries are calendar quarters. 
8. A system for providing a home data index model, said 

system comprising a processor and a memory containing a set 
of instructions executable on the processor, said set of instruc 
tions comprising instructions for: 

selecting a first period extending from a first date back 
wards a first prespecified number of days to a second 
date; and 

calculating a home price index for the first period. 
9. A computer readable medium containing a set of instruc 

tions executable by a processor for providing a home data 
index model, said set of instructions comprising instructions 
for: 

selecting a first period extending from a first date back 
wards a first prespecified number of days to a second 
date; and 

calculating a home price index for the first period. 
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