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Description of IHS Hedonic Data Set and 
Model Developed for PUMA Area Price Index

Introduction 
Understanding and measuring house price trends in small geographic areas has been one of the most 
challenging, but important topics in housing research recently.  As national and metropolitan area-
level housing markets emerge from the housing downturn, many neighborhoods within those broader 
geographies have not fully benefitted from this recovery. Being able to measure house price changes 
in small geographic areas can help housing market stakeholders and policy makers understand which 
neighborhoods are improving and which continue to struggle so they can make strategic decisions about 
policy development and implementation.

The following technical paper lays out the methodology used to develop IHS’s Cook County Submarket 
Price Index which is based on a hedonic price model tracking price trends for single family homes.  
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Background - Measuring House Prices

There are three common methods for measuring house prices and price trends.  Each has inherent strengths and 
limitations, particularly when applied to smaller geographies.  These methods include:

»» Median sales price – This method looks at all sales taking place in a given geography for a given period 
of time and tracks the median value of those sales over time.  The primary strengths of this method are 1) 
that data on sales activity and prices are often easily available through local deed transfer recordings or 
multiple listing services and 2) finding the median is a fairly straightforward and simple calculation.  For 
these reasons, trends in median sales prices are often used by local realtor groups or the media to discuss 
area house price and trends.  The main limitation of this method is that there is no way to control for 
changes in the underlying composition of properties selling at any two points in time.  This has the 
potential to create “apples to oranges” price comparisons if there are large differences in the mix of the 
size and quality of properties selling at two points in time. This can be particularly impactful when sample 
sizes are small such as in small geographic areas.

»» Repeat sales index – Repeat sales indices take the sales activity on a property at two points in time and 
measures the change in value over that period. The change is weighted based on the length of time 
between the two sales, and the average change in sales prices for all properties in a sample are 
calculated and indexed to an earlier point in time, often the first quarter of 2000.  The repeat sales index is 
an improvement over median sales price in many ways.  By only tracking price changes for properties 
that sell multiple times, a repeat sales index is better able to ensure that the price change being measured 
is for properties with the same characteristics.  Repeat sales indices also have limitations, however.  Most 
importantly, because the sample uses only properties that sell at least twice, it is often difficult to get a 
large enough sample of property sales for a given period to measure price trends in a small geographic 
area. Case Shiller is the best known repeat sales index, and it tracks price trends nationally for a group of 
large metropolitan areas. Using a similar methodology, the Institute for Housing Studies has a Cook 
County House Price Index that tracks price changes in Cook County and in very large submarket areas.   

»» Hedonic price index – Hedonic price indices combine information on property’s sales price with data on 
the characteristics of that individual property and its location and controls for factors that might affect the 
sales price of a house. A hedonic model tells you how much influence those individual factors have on 
sale prices, and, by isolating the effect of those variables on price, allows for the development of an index 
tracking price changes over a period of time on properties with similar characteristics. Hedonic price 
models are an improvement over repeat sales models because they include data on a far larger group of 
sales in a given period of time for a geography, not just those with previous sales.  This allows for a larger 
sample in smaller geographic areas while still controlling for the characteristics and location of the 
properties being sold in a given period. While hedonic price index models have many advantages, there 
are also limitations.  Hedonic indices require extensive amount of data on property characteristics and 
location, and developing such a data set is complex and can have extensive upfront costs.  Additionally, 
hedonic models are the most statistically sophisticated of the three methods of tracking housing prices 
and require significant expertise to develop and extensive testing and monitoring to ensure accuracy.  
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IHS Hedonic House Price Index

Because of its advantages in tracking small area price trends, IHS developed a hedonic price index to track price 
changes in smaller geographies.  The Institute has adapted this model to track changes in single family house 
prices in Cook County submarket areas defined by Census Public Use Microdata Areas (PUMAs).  PUMA areas 
contain at least 100,000 people and are built up out of census tracts. There are 17 submarkets in the City of 
Chicago and 17 that are primarily in suburban Cook County.  In the City of Chicago, the submarket surrounding 
the Loop has been excluded because of insufficient levels of single family home sales.  Figure 1 displays all 
submarkets.

The following sections lay out the data used, variables developed, and the hedonic model used:

Data and Methodology

A review of existing literature on hedonic models was used to identify a core set of variables related to which 
property and location characteristics significantly influence house price.   Figure 2 highlights variables included in 
the IHS hedonic model. These data include: 

»» Sales price - Data on single family sales activity was taken from two sources, 1) property transfer records 
the Cook County Recorder of Deeds via Property Insight and 2) sales records from Midwest Real Estate 
Data (MRED), the northwest Illinois Multiple Listing Service (MLS).   

»» Property characteristics – To identify key physical characteristics of properties such as the building 
structure, square feet, number of bathrooms and bedroom, age of the building, data from the Cook County 
Assessor and the northwest Illinois MLS were used.  

»» Location - Geographic variables were calculated using ArcGIS software.  These variables include distance 
from properties to Chicago Transit Authority (CTA) rail stations, to Lake Michigan, to any type of publicly-
accessible open space, to Metra rail stations, and to a lake or river other than Lake Michigan.  Spatial 
data for parcels is obtained annually by IHS from the Cook County Assessor. Distances to CTA and Metra 
rail stations were calculated by joining the Cook County road network from the Cook County Data Portal 
and CTA and Metra rail station locations obtained from the City of Chicago Data Portal. Lake Michigan, 
publicly-accessible open space, and lakes and rivers other than Lake Michigan come from the Chicago 
Metropolitan Agency for Planning (CMAPs) land use file for 2005. 

»» Distressed sales - Properties that were likely distressed sales were also flagged.  This includes properties 
identified as short sales, sales at foreclosure auction, and sales occurring after a property entered bank 
real estate owned (REO) status.  Foreclosure distressed status was determined by identifying the date of 
a foreclosure filing on a property and tracking subsequent transaction activity. These data come from the 
Cook County Clerk of the Court and Cook County Recorder of Deeds via Property Insight.

»» Fixed Effects - All results are controlled by the fixed effect of geographical area (Census Tract) and time 
of sales (year and quarter).
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COOK COUNTY SUBURBS
Number*     Submarket
3401    Palatine/Barrington
3407    Melrose Park/Maywood
3408    Oak Park/Cicero
3409    LaGrange/Burbank
3410    Orland Park/Lemont
3411    Oak Lawn/Blue Island
3412    Oak Forest/Country Club Hills
3413    Calumet City/Harvey
3414    Chicago Heights/Park Forest
3415    Arlington Heights/Wheeling
3416    Winnetka/Northbrook
3417    Hoffman Estates/Streamwood
3418    Schaumburg
3419    Mount Prospect/Elk Grove Village
3420ª    Park Ridge/Des Plaines
3421    Evanston/Skokie
3422ª    Elmwood Park/Franklin Park

CITY OF CHICAGO
Number*     Submarket
3501    Uptown/Rogers Park
3502    Lake View/Lincoln Park
3503    Lincoln Square/North Center
3504    Irving Park/Albany Park
3520    Portage Park/Jefferson Park
3521    Austin/Belmont Cragin
3522    Logan Square/Avondale
3523    Humboldt Park/Garfield Park
3524    West Town/Near West Side
3525    Loop and Surrounding
3526    Bridgeport/Brighton Park
3527    Gage Park/West Lawn
3528    Englewood/Greater Grand Crossing
3529    Bronzeville/Hyde Park
3530    Beverly/Morgan Park
3531    Auburn Gresham/Chatham
3532    South Chicago/West Pullman

*The listed numbers refer to the codes of the 2010 Census 
PUMAs upon which the listed housing submarkets are based.  

ªPUMAs 3420 and 3422 include parts of the City of Chicago.  

City of Chicago

Reference Map of Cook County Housing Submarkets
F I G U R E  1
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Figure 2) Descirptions of Variables
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Building a final data set for the base hedonic model required creating a large master data set.  To start, there 
were 833,821 detached single family property transactions recorded in Cook County from 1997 to the fourth 
quarter of 2014.  Hedonic variables were constructed for each property using methodologies described above.  
Properties where transactions repeated within 90 days were excluded to avoid any potential recording errors 
and to reduce potential bias in the index due to frequently traded properties.  Additionally, transactions were 
dropped if there was found to be substantial missing information on essential property characteristics such 
as the number of bedrooms, existence of an air conditioning system, or because of errors such as missing 
property identification numbers, or conflicting sales price information. The overall sample rate is 75.7 percent 
for the entire sample periods of 1997 to 2014, and Figure 3 shows the annual total number of valid observations 
included in the IHS hedonic model data set is 631,589. The valid sample rate is substantially higher starting in 
2009 where over 86 percent of transactions match hedonic variables in each year.

Figure 3) Cook County Single Family Sample Data with Hedonic Variables
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Calibrating the Small Area Index 

Even in a hedonic model, a sufficient sample size is required to consistently and accurately track price trends. 
While a sample size of 631,589 records is sufficient to produce a quarterly hedonic house price index for the 
entire Chicago area, large variation in levels of transaction activity made it challenging to produce quarterly 
updates for small geographies. To compensate for declining transaction volume and the lower number of 
transaction in small geographies, a rolling sample method with a 365 day window was adopted.  This means 
that in addition to data from the current quarter, sales data from the previous three quarters were also included.  
Additional data from previous quarters helps smooth out the volatile nature of transaction activity in small 
areas from quarter to quarter. Due to the lack of single family houses in Chicago downtown area, PUMA 3525 
is excluded. Valid sample sizes for all other submarket areas from 1997 to 2014 can be found in Appendix A. 
Sample sizes are much smaller for submarkets in the City of Chicago compared to those in Suburban Cook 
County.  This is due to the more diverse housing stock found in many Chicago neighborhoods which include both 
small and large multi-unit rental properties and condominium units which are not included in this hedonic model. 
All PUMAs included had large enough valid samples of single family sales to produce stable trends.  

Results of the Model

The results of the hedonic models for Cook County, Chicago, and suburban Cook are shown in Figure 5.  The 
results for most of the individual independent variables are statistically significant and the magnitude and 
direction of their effect on house prices are consistent with expectations.  The results are also largely consistent 
across geographic regions of Cook County.  The r-square for all three models is roughly .77, which indicates the 
included control variables explain the house price variation strongly. R-squared results for individual submarket 
areas are not shown, but they are at acceptable levels ranging from 0.53 to 0.80.
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Figure 5) Hedonic Regression by Geographic Area, 1997Q1-2014Q3
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All results are controlled by the fixed effect of geographical area (Census Tract) and time of sales (year and quarter). 
All t-statistics are calculated using heteroskedasticity corrected robust standard errors  

* : 10 %, **: 5%, ***: 1% significant		
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Interestingly, the distressed sale dummy variable returns highly significant results. The coefficients are very 
stable for the three geographic regions ranging from -0.533 in suburban Cook to -0.627 in the City of Chicago. 
Another way to state this would be assuming a median sale price of $187,500, the impact of a distressed sale 
would drop the price to $100,161 in the City of Chicago or to $110,032 in suburban Cook County.  This means the 
value of a distressed property will be depreciated by 41 to 47 percent compared with a non-distressed property, 
respectively. The interactive dummy variable of distress sale by year after 2007 show the significant from log of 
-0.3 to -0.4. By controlling these annul distressed sales, we are able to calculate the general price changes after 
the financial crisis. Without the distressed dummy variables, there might be downward bias on the general house 
price trend due to relatively high concentrated distressed sales after 2007, particularly in certain areas with 
high levels of distressed sales. For example, if a community has higher level of distresses sales while housing 
turnover rate relative low, the transactions from the distresses sales will be over-represented in the price index 
and that will create downward bias in overall price trends. 

The results of the Cook County-wide hedonic model are generally consistent with those found in other 
price index models for Cook County. Figure 6 compares quarterly price trends in Cook County calculated by 
this hedonic price index and IHS’s Cook County House Price Index which is calculated using a repeat sales 
methodology.  As the figure shows, the direction of quarterly price changes are generally consistent for the 
hedonic and repeat sales indices.  The hedonic index shows a more substantial price build up leading to the 
market peak in 2007, but after the market collapse in 2008, price trends for the hedonic and repeat sales models 
track fairly closely.  One possible explanation for why the hedonic model saw greater price increases leading to 
the market peak is that it includes all property sales, including new properties which may be of higher quality.  
Because a newly constructed property only counts as one transaction (and doesn’t yet have a repeat sale) it is 
not captured in the repeat sales index which only tracks sales of existing, older properties.  

   

Figure 6) Comparison of Cook County Repeat and Hedonic Price Index Results
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Similarly to how results from the hedonic model can be converted to track changes in house prices countywide, 
they can also be converted to track price changes at the submarket level.  The estimated average price level 
at time t on the condition of all control variables was used to build hedonic price index. To create a relative 
measurement compare to other time.  The trend lines for all submarkets can be seen in Figure 7.

Figure 7) Hedonic House Price Index by Cook County Submarket, 1997-2014
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A P P E N D I X  A
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