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Abstract 
 


We use a large dataset of land sales to construct land price indexes for 23 MSAs in the United 
States and for the aggregate of those MSAs.  We construct the price indexes by estimating 
hedonic regressions with a large sample of land transactions dating back to the mid-1990s.  The 
regressions feature a flexible method of controlling for spatial price patterns within an MSA.  
The resulting price indexes show a dramatic increase in both commercial and residential land 
prices over several years prior to their peak in 2006-07 and a steep descent since then.  These 
fluctuations in land prices have outstripped those in well-known indexes of home prices and 
commercial real estate prices.  Because those existing indexes price a bundle of land and 
structures, this comparison implies that land prices have been more volatile than structures prices 
over this period.  This result is a key element of the land leverage hypothesis, which holds that 
home prices and commercial property prices will be more volatile, all else equal, in areas where 
land represents a larger share of real estate value. 
 
 
 
*Contact author.  Email and phone: joseph.b.nichols@frb.gov, (202) 452-2983.  We thank 
Christopher Reynolds and Katherine Hayden for producing the location maps that we use in the 
paper.  We received valuable comments from numerous Federal Reserve staff at an early stage of 
this study and from Edward Millner and other participants at the AREUEA 2009 mid-year 
meeting.  We also thank Andreas Lehnert, Hui Shan, and Shane Sherlund for helpful 
conversations on estimation issues and Dan Sichel for useful comments on a recent draft of the 
paper.  The data for this study were provided by the CoStar Group, Inc.  The views expressed 
herein are those of the authors alone and should not be attributed to the Board of Governors of 
the Federal Reserve System or other members of its staff. 
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1. Introduction 


All types of economic activity require land.  This requirement is obvious in industries 


such as farming and construction.  But all other forms of commerce ultimately need land as well 


because workers, equipment, and buildings must be located somewhere.  Even a high-tech 


company like Google has a corporate campus and more than 70 other facilities. 


A broad measure of the value of residential and commercial land in the United States can 


be derived from the Flow of Funds (FOF) accounts published by the Federal Reserve Board.  


The implied FOF estimate – which covers land held by households, nonprofit organizations, and 


businesses other than farms and financial corporations – equals the market value of real estate 


minus the value of structures from the U.S. National Income and Product Accounts (NIPAs).  At 


the end of 2010, this estimate of land value in the United States was nearly $4 trillion.1   


With such a large aggregate value, changes in land prices can have a substantial effect on 


the net worth of businesses and households.  In this regard, Davis and Heathcote (2007) estimate 


that swings in residential land prices accounted for most of the variation in house prices over 


1975-2006 for the United States as a whole.  Davis and Palumbo (2008) reach the same 


conclusion for a large set of metropolitan areas, as do Bostic, Longhofer, and Redfearn (2007) in 


their detailed analysis of home price changes in a single metropolitan area (Wichita, Kansas).    


Land also serves as a form of collateral for loans, especially for construction loans.  If the 


borrower defaults before completing a construction project, the lender’s recovery will depend 


largely on the value of the land pledged as collateral.  Commercial banks in the United States 


                                                 
1 The data for this estimate are in tables B.100, B.102, and B.103 of the Flow of Funds Accounts of the United States 
(www.federalreserve.gov/release/z1).  Barker (2007), Case (2007), and Davis (2009) estimate aggregate land value 
from earlier vintages of the FOF data.  We should note that all of these estimates are subject to substantial 
measurement error.  Indeed, the FOF accounts stopped publishing series for land value in 1995, at least in part 
because of concerns about the accuracy of the estimates.  For estimates of aggregate land values that do not use the 
FOF data (but that rely on a variety of strong assumptions), see Davis and Heathcote (2007), the Bureau of Labor 
Statistics (2007), and the earlier work by Goldsmith (1951), Manvel (1968), and Milgram (1973). 



http://www.federalreserve.gov/release/z1
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have substantial exposure to land prices through their lending activities.  At the end of 2010, U.S. 


commercial banks held nearly $300 billion in construction and land development loans, and 


roughly 18 percent of these loans were delinquent – by far the highest delinquency rate among 


the major types of bank loans.2  


Despite the importance of land as a component of wealth, as a source of variation in real 


estate prices, and as collateral for loans, only a handful of studies have calculated land price 


indexes for the nation as a whole or for a broad set of cities.3  Davis and Heathcote (2007) and 


Davis and Palumbo (2008) estimate price indexes for residential land, while Davis (2009) 


estimates indexes for both residential and commercial land.  These indexes, however, are not 


based on transaction prices.  Instead, Davis and his coauthors infer land prices as a residual in a 


measurement framework that is similar to the Flow of Funds methodology described above.  


Notably, their estimates rely on the assumption that the market value of existing structures is 


well approximated by the series in the NIPAs.  Given that the NIPA series are constructed from 


limited information on depreciation rates, this assumption may not be appropriate.   


In contrast, Sirmans and Slade (2011) use transaction prices to calculate national land 


price indexes.  However, they do not estimate price indexes for individual metropolitan statistical 


areas (MSAs), an important limitation given the substantial local variation in real estate markets.  


Our study addresses this limitation by providing the first transaction-based indexes of land prices 


for a broad swath of MSAs across the United States.      


                                                 
2 These figures represent aggregates from the Consolidated Reports of Condition and Income (Call Reports) filed by 
domestic commercial banks.  See Lee and Rose (2010) for a full analysis of the Call Report data. 
3 That said, there are numerous studies of land prices for narrow geographic areas.  For residential land, see Bryan 
and Sarte (2009), Downing (1970), Greenlees (1980), Ihlanfeldt (2007), Rosenthal and Helsley (1994), and Voith 
(2001).  For commercial land or a combination of  commercial and residential land, see Brownstone and DeVany 
(1991), Colwell and Munneke (1997, 2003), Guntermann and Thomas (2005), Haughwout, Orr, and Bedoll (2008), 
Kowalski and Paraskevopoulos (1990), McMillen (1996), Peiser (1987), and Wieand and Muth (1972).    
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Using source data from the CoStar Group, Inc., we construct a dataset that includes more 


than 175,000 land transactions in 23 MSAs from the mid- or late 1990s through 2010.4  These 


MSAs include the major population centers in the United States and some smaller cities.  We 


estimate hedonic equations in which residential and commercial land prices depend on property-


level characteristics, a flexible specification of property location, and half-yearly dummy 


variables to capture the changes in land prices over time after controlling for the other factors.  


The specification of locational effects includes both the property’s distance from the central 


business district (CBD) and the semiparametric specification introduced in Colwell (1998) that 


can accommodate a much wider range of spatial patterns.   


Our primary focus is on the land price indexes implied by the coefficients on the half-


yearly dummy variables.  For the 23 MSAs as an aggregate, we present price indexes for a 


composite of residential and commercial land along with separate indexes for these two broad 


types of land.  We also report the analogous price indexes for each MSA.      


The results show that land prices trended up at a moderate pace from 1995 until about 


2002, and then accelerated sharply.  From the second half of 2002 to the second half of 2006, our 


composite index of residential and commercial land prices for the 23 MSAs jumped 130 percent, 


with even larger increases in the MSAs along the East Coast and in the Far West.  However, 


prices tumbled over the next few years, leaving the composite index for the 23 MSAs in the 


second half of 2010 a bit more than 50 percent below its peak.  Separate indexes for commercial 


and residential land prices display the same broad pattern, with especially large swings for the 


residential index.  These moves outstrip the variation since 2002 in well-known national indexes 


                                                 
4 In addition to our paper and Sirmans and Slade (2011), other studies that have used the CoStar land price data 
include Albouy and Ehrich (2011); Kok, Monkkonen, and Quigley (2010); Haughwout, Orr, and Bedoll (2008); and 
Colwell and Munneke (2003).  Albouy and Ehrlich focus on the differences in the level of land prices across MSAs 
and use these differentials to estimate cost functions and productivity for housing and tradable goods.  The other 
three studies analyze land prices for San Francisco, New York City, and Chicago, respectively.  
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of home prices and commercial real estate prices.  Because those indexes price a bundle of land 


and structures, this comparison implies that land prices have been more volatile than prices of 


structures over this period. 


We also conducted an in-depth analysis of movements in residential land prices, home 


prices, and structures prices at the MSA level.5  Consistent with the aggregate results, we find 


that the swings in residential land prices since 2002 have been far wider than those for home 


prices and structures prices in every MSA we examined.  In addition, a standard decomposition 


of home prices assigns a much larger role to land than to structures in explaining the home-price 


cycle since 2002, both for individual MSAs and for the pattern across MSAs.  


Our finding that land prices in the United States have been more volatile than structures 


prices is consistent with the results in Davis and Heathcote (2007), Davis and Palumbo (2008), 


and Sirmans and Slade (2011).  It is also consistent with the limited international evidence (Wu, 


Gyourko, and Deng (2010) for China; Bourassa et al. (2010) for Switzerland; and Bourassa et al. 


(2009) for New Zealand).  Intuitively, land prices should be more volatile than the prices of 


structures because the latter are tied to construction costs, while land prices have no such direct 


anchor.  Our findings and the others cited here all validate the central assumption in the land 


leverage hypothesis of Bostic, Longhofer, and Redfearn (2007), which holds that home prices 


and commercial property prices will be more volatile, all else equal, in areas in which land 


represents a relatively large share of real estate value.  This hypothesis can only be valid if land 


prices are more volatile than structures prices.     


 The rest of the paper is organized as follows.  The next section discusses our dataset.  


Section 3 describes how we model the effects of location on land prices, and section 4 lays out 


                                                 
5 A parallel analysis for commercial property could not be undertaken because of the absence of price indexes for 
commercial real estate at the MSA level. 
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all other aspects of our methodology.  Section 5 presents the estimation results and the price 


indexes for land.  Section 6 compares the land price indexes to the prices for other types of real 


estate.  The final section summarizes our conclusions and suggests avenues for future research.  


2. Data 


 The data for our analysis were obtained from the CoStar Group, Inc. (www.costar.com).  


Among its various products, CoStar maintains a database on sales of commercial property and 


land (the “COMPS” database).  CoStar obtains the transaction data from public records, 


interviews with parties to the transactions, and field inspection of the properties.  Currently, the 


COMPS database includes more than one million transactions. 


 We analyze the transactions in COMPS explicitly identified as sales of residential or 


commercial land.  CoStar defines land sales as transactions that involve vacant property or 


property with unoccupied structures that are slated for demolition.  These criteria ensure that the 


value of any existing structures should be incidental to the total value of the property.  To be 


included in COMPS, a residential land parcel must consist of at least five single-family lots or be 


large enough to support multifamily buildings with at least five units.  There is no lower size 


limit in COMPS for commercial land parcels. 


Each transaction record contains the sales price, address, and the longitude and latitude of 


the land parcel, along with a series of text fields describing the characteristics of the parcel.  We 


use the information in these text fields to create a number of indicator variables for our hedonic 


price regression.  


Although COMPS includes transactions throughout the United States, we focused on the 


23 MSAs with the richest data.  These MSAs include five cities in the Northeast (Boston, New 


York, Philadelphia, Baltimore, and Washington DC); three areas in Florida (Orlando, Tampa/St. 



http://www.costar.com/
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Petersburg, and South Florida); six cities on the West Coast (Los Angeles, San Diego, San 


Francisco, Sacramento, Seattle, and Portland); and nine cities in the interior of the country 


(Atlanta, Chicago, Dallas, Denver, Detroit, Houston, Las Vegas, Phoenix, and Tucson).  Prior to 


1995, the transaction data for most of these MSAs are either sparse or nonexistent.  Accordingly, 


we standardized the starting point of the dataset in 1995, except for six MSAs for which the data 


begin between 1997 and 1999.  The dataset runs through 2010.  As described in Appendix A, we 


eliminated transactions with missing data and applied a variety of screens to improve the quality 


of the dataset.  For example, we removed about 13,000 observations that appeared not to be 


market sales.  This screen eliminated all government takings of land through eminent domain 


and all transfers of land from property owners to their lenders through foreclosure proceedings.  


Foreclosed parcels subsequently sold by lenders to new owners passed this screen, but there were 


too few such sales to generate meaningful results, and so we removed all foreclosure transactions 


from the dataset.  We also removed all observations for an MSA in a given half-year when we 


judged the sample size to be insufficient to generate a reliable price index for that period.6 


As shown in table 1, we have 176,797 sales in total, about 55 percent of which are for 


commercial land.  Summing the number of commercial and residential land sales yields a figure 


slightly less than the number of land sales in the “Total” column.  This difference arises because 


about 700 sales are in MSAs that have more than 40 transactions in a given half-year when the 


commercial and residential land sales are pooled, but do not have more than 20 transactions for 


both types of land.  Given our rules for minimum sample sizes, we exclude these observations 


when we estimate separate MSA-level price indexes for commercial land and residential land.     


                                                 
6 In particular, we included the residential or commercial transactions for an MSA in a given half-year only when we 
had more than 20 observations for that property type.  For regressions in which we estimated a single MSA-level 
price index that covered both property types, we included a given half-year only when we had more than 40 
observations in total.  We settled on these minimum half-yearly sample sizes after observing the volatility in the 
price indexes generated without regard to sample size. 
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The sample sizes vary widely at the MSA level, ranging from about 2,700 for Sacramento 


to 18,000 for Phoenix.  This variation owes at least partly to differences in the amount of 


development activity across the MSAs and does not correlate closely with the relative shares of 


the MSAs in national stocks of residential or commercial land.  Because of this disconnect, we 


employ MSA-level weights, described in section 4, to obtain aggregate results that capture the 


relative importance of the included MSAs. 


Another key dimension of the sample is the number of observations over time.  Figure 1 


shows one measure of this time pattern – the median sample size across the 23 MSAs for each 


half-year since 1995 – for both commercial and residential transactions.7  The median MSA has 


at least 70 residential land transactions in every half-year through the first half of 2006, but 


transaction volume then plunged with the collapse in housing activity.  For commercial land, 


transaction volume was well maintained through 2007 but dropped sharply thereafter.  Given the 


sample-size cutoffs we impose at the MSA level, the reduced volume of sales implies that we 


cannot calculate land price indexes in every period for some MSAs.  


Tables 2 and 3 provide summary information about the characteristics of the land parcels 


in our dataset.  As shown in table 2, the parcels range in size from less than half an acre to more 


than 70 acres, with a median size of about 7 acres for residential land and 2.5 acres for 


commercial land.  Table 2 also indicates that the median distance from the CBD is almost 20 


miles, as most opportunities for land development occur beyond the urban core.   


Table 3 shows the shares of the sample observations classified by the type of property, 


condition, and intended use.  Almost half of the residential land is zoned for single-family 


                                                 
7 We show the median sample size across MSAs for each period, rather than the average sample size or the total 
number of observations, to reduce the distorting effect from the increase in the number of MSAs in the sample from 
1995 to 1999.   Note also that the figure presents the median sample size across MSAs before applying the cutoff 
rules described in the previous footnote. We do this to display the underlying time patterns in transaction volume. 
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homes, and nearly an equal share is slated for “other residential” uses, which is principally 


condominium development.  The commercial land spans a wide range of property types, with 8 


percent of the parcels planned for office buildings, 22 percent for industrial sites, 16 percent for 


retail stores, and the remaining 53 percent for “other commercial” projects, which include 


mixed-use development as well as such buildings as hospitals, hotels, and convention centers.  


Regarding property condition, about half the land in the dataset is unimproved, while smaller 


shares of the observations have identified improvements, shown by each row down through the 


row labeled “Structure present.”  About 8 percent of the residential land and 18 percent of the 


commercial land has insufficient information to classify the extent of improvements.  A very 


small fraction of the parcels have environmental problems of some type, the severity of which 


are unknown.  Finally, as shown at the bottom of the table, about three-quarters of the sample is 


intended for private development, while roughly 10 percent will be held for investment purposes 


with no immediate development plans.  Only a small fraction of the land falls into the other 


categories for known uses.                                


3. Locational Effects on Land Prices 


 There is a vast literature on the spatial structure of urban areas and the locational factors 


that influence property prices.8  Numerous studies have documented that large cities tend to have 


multiple centers of employment (see, for example, Giuliano and Small, 1991; McMillen and 


McDonald, 1998; Craig and Ng, 2001; McMillen and Smith, 2003; and Redfearn, 2007).   In 


particular, McMillen and Smith (2003) found strong evidence of employment subcenters for 


nearly every MSA that appears in our dataset.  Moreover, the proximity to these subcenters tends 


to be an important determinant of land prices (see Peiser, 1987; Sivitanidou, 1996; and 


McMillen, 1996).  A separate line of research has shown that local characteristics such as the 
                                                 
8 See Anas, Arnott, and Small (1998) for an excellent review of the literature.     
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quality of schools and the amount of crime affect house prices, and ultimately the prices of the 


underlying land.9   


 To capture spatial effects, empirical studies of land prices typically use a variety of 


locational variables.  The primary variable is usually distance from the CBD, which is 


augmented by other variables that include distance from major roads, rail lines, and airports; 


distance from suburban business nodes; distance from the coastline; dummy variables for local 


topography; dummy variables for location within the city limits and within specific counties; the 


amount of street frontage; and demographic information for the surrounding area. 


 For our study – which covers 23 separate MSAs – it is not practical to specify a vector of 


locational variables for each land transaction.  Instead, we use the semi-parametric approach in 


Colwell (1998) to capture locational effects on real estate prices over and above those related 


strictly to distance from the CBD.  Colwell’s method superimposes a grid over the transactions in 


the dataset.  The grid can be sized to fit the boundaries of this area, and it can be divided into as 


many component squares as the researcher wishes to use.  In Colwell’s application to downtown 


Chicago, the grid contained 36 square pieces (four in one direction, nine in the other).  His 


method estimates the price level associated with each of the 50 (5x10) vertices of this grid. 


To carry out the estimation, each vertex is treated as a separate variable in the hedonic 


regression.  Let V1,…,Vn denote the set of n vertices.  Prior to estimation, values must be 


assigned to V1,…,Vn  for each transaction in the data set.  This is done by measuring the nearness 


of the parcel to the four vertices of the square in which it is located; all other vertices have a 


value of zero for this observation.  For a transaction located exactly at the center of a given 


square, each of the four surrounding vertices receives a value of 0.25.  For transactions located 


                                                 
9See Ries and Somerville (2010), Brasington and Haurin (2009), and Clapp, Nanda, and Ross (2007) for recent 
studies of school quality and house prices.  Ihlanfeldt and Mayock (2010) and Pope (2008) provide recent analyses 
of the connection between crime and house prices.    
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elsewhere in the square, the values assigned to the four vertices are weights that sum to one and 


that reflect an area-based measure of closeness.   


Figure 2 illustrates this weighting scheme for a single square in the grid, with an 


observation at point A.  The value assigned to vertex V1 for this observation equals the area of 


the rectangle formed by A and the opposite vertex (the shaded area), divided by the total area of 


the square.  This ratio of areas will converge to one as point A approaches V1.  The values for 


V2, V3, and V4 associated with point A are calculated in the same manner as for V1:  Form the 


analogous opposite rectangles and compute the ratio of the area of each rectangle to the area of 


the square.  All other vertices in the grid have a value of zero for this observation. 


 After the values for V1,…,Vn  have been assigned in this manner for each observation, a 


hedonic price regression can be estimated with the vertices included as explanatory variables.10  


The estimated coefficient for a given vertex represents the height of the price surface at that point 


on the grid.  Colwell shows that the surface defined by these grid points is continuous, piecewise 


linear along the edges of the individual squares, and parabolic along slices within each square.  


In implementing this method, we laid out the grids for the individual MSAs to conform to 


the spatial pattern of the land transactions.  For Atlanta, we were able to encompass the vast 


majority of transactions with a square 5x5 grid.  With a 5x5 grid, we estimate coefficients for 36 


vertices (6x6) on the spatial price surface.  For Dallas and Tucson, we used a 5x5 grid from 


which we omitted any vertex on the outside edge that had very few nearby transactions.11  As an 


example, figure 3 shows the grid for Dallas superimposed on a scatter plot of the transactions in 


our dataset.  For the other MSAs, the spatial distribution of transactions did not fit well within a 


                                                 
10 If the regression includes a constant term, one vertex must be omitted to avoid perfect colinearity among the 
explanatory variables.  The colinearity arises because the vertex weights for any observation sum to one. 
11In determining the grids for Dallas, Tucson, and all other MSAs, we required that at least five transactions be 
available to estimate each of the included vertices.    
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square outline – generally because of the presence of a body of water or mountains – and we 


drew the outline of the grid to fit these patterns.  In each case, the grid consists of between 22 


and 28 individual squares (with between 33 and 42 vertices), arranged in a non-rectangular 


shape.  As an illustration, figure 4 presents the grid used for South Florida, where the land 


transactions occupy a band that parallels the coastline.12 


In summary, we take a hybrid approach to modeling locational effects on land prices.  


We include distance from the CBD as an explanatory variable in the regressions, which we 


augment with the semi-parametric grid method described above to capture the features of the 


spatial price surface that do not lie on a constant gradient away from the CBD.   


4. Specification and Estimation of the Hedonic Price Equation 


We use the data described in section 2 to estimate a flexible hedonic regression for land 


prices.  The dependent variable in the regression is the natural log of the price of land per square 


foot.  The explanatory variables can be broken into three broad categories: property 


characteristics other than location (X1 ,…, XJ), measures of location (Z1 ,…, ZK), and a set of half-


yearly time dummies (D1 ,…, DT).  The regression pools the data for all 23 MSAs but allows the 


coefficient on each explanatory variable to differ both across MSAs and across the residential 


and commercial land transactions within an MSA.  In effect, the pooled regression stacks 46 


separate regressions (23 MSAs with two broad types of land in each MSA) and provides a 


convenient framework for testing a wide range of coefficient restrictions across the MSAs and 


property types.  Each regression in the stack can be written as 


(1) , , , , , , , ,ln m l m l j j m l k k m l t t m lj k t
P X Z Dα β θ γ ε =  + + + +∑ ∑ ∑  


                                                 
12 The position of the grid for each MSA was dictated by the desire to encompass as many observations as possible 
given the constraint that the blocks of the grid all had to be the same size and shape.  This constraint meant that it 
was impossible to place a specific vertex at the exact center of any MSA. 
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where ,m lP  is the vector of observations of price per square foot in the mth MSA for the lth broad 


land type (l equals either residential or commercial), and ,m lε  is the corresponding vector of iid 


errors assumed to be distributed N(0, σ2
m,l I).  The subscripts on the β, θ, γ, and σ2 coefficients 


show that they are allowed to vary across MSAs and property types.  The pooled regression is 


estimated with the SAS routine PROC MIXED, which is equivalent to equation-by-equation 


OLS under the assumed structure of the error terms. 


The vector of property characteristics (X1 ,…, XJ) includes the natural log of the size of 


the parcel in order to test the so-called “plattage effect”.   Plattage refers to the common finding 


that the price of a land parcel rises less than proportionally with its size.  This relationship likely 


arises because there is an optimal scale for buildings of a given type, which implies that parcels 


larger than the size needed to support the optimal building scale earn a lower return. 


The other variables in X1 ,…, XJ  are the indicator variables mentioned in section 2.  These 


variables are largely the same as those used by Haughwout, Orr, and Bedoll (2008) and include:  


• Type of property: three dummy variables for residential land use (single-family housing, 


multifamily rental housing, and other residential) and four dummy variables for commercial 


land use (office, retail, industrial, and other commercial).  Multifamily rental housing is the 


omitted type of residential land, while industrial property is the omitted type of commercial 


land. 


• Condition of the property: separate dummy variables for whether the land has been graded, 


paved, finished, fully improved, platted and engineered, previously developed, has an 


existing structure, or the improvements are reported as unknown.  The omitted condition is 


unimproved land.  This group of variables also includes a dummy for whether environment 


problems exist as defined by reported soil or building contamination.  
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• Intended use of the property: separate dummy variables for property intended for public use, 


to be kept as open space, to be held for investment, or with an unknown use; the omitted 


category is private development.  This group of variables also includes a dummy for whether 


the land was purchased by an entity that intended to expand an adjacent property.   


The vector of location characteristics (Z1 ,…, ZK) includes the MSA-specific grid vertices 


described in the previous section.  We specify a separate grid for residential land and commercial 


land in each MSA.  To avoid perfect colinearity, we excluded from each grid one vertex variable 


that is located close to the center of the MSA.  In addition to these grid vertices, we include the 


natural log of distance of each property from the geographic center of its MSA as determined by 


Google Earth.  The coefficient on this distance measure is allowed to vary by MSA and by broad 


property type, consistent with the treatment of other variables in the regression.  Finally, we 


include a set of MSA fixed effects, with New York City as the omitted MSA.  


We weight the observations in the regression prior to estimation.  Weighting is required 


because, as discussed in section 2, the number of land sales by MSA in our dataset does not 


reflect the relative shares of the MSAs in national stocks of commercial and residential land.  


Ideally, we would construct weights based on information on the available land area devoted to 


commercial and residential real estate by MSA.  In the absence of such land data, we weighted 


the commercial land observations using estimates from Torto Wheaton Research of the total 


space in commercial and industrial buildings by MSA and the residential land observations using 


the number of occupied single-family and multifamily housing units from the 2000 Census.  We 


re-adjust these weights on a period-by-period basis to account for the exclusion of MSAs with 


insufficient observations during particular time periods. 







 - 14 - 


Our dataset is not a random sample of all existing land parcels, which raises the 


possibility of sample selection bias.  However, the standard Heckman (1979) procedure to 


correct for selection bias is not feasible in our case, as we would need data on land parcels that 


were not sold during the sample period.  Such data would be very difficult to assemble for a 


large number of MSAs.  Moreover, it is unclear whether any such effort would be worthwhile.  


The results of studies that have applied the Heckman procedure to real estate prices have been 


mixed to date.  Although there is some evidence of selection bias in house prices (see, for 


example, Gatzlaff and Haurin, 1997 and 1998; Jud and Seaks, 1994; and Rosenthal and Helsley, 


1994), the few available studies for commercial real estate and land prices have found that 


selection effects were generally small and insignificant.13   


5. Results 


We discuss the estimation results in three steps, focusing first on the estimated 


coefficients for the characteristics of the land parcels, then on the spatial price effects, and finally 


on the estimated variation in land prices over time. 


Property characteristics  


 Table 4 summarizes the estimated coefficients for property characteristics across the 23 


MSAs for residential and commercial land.  Each row reports the median and range of 


coefficient values across the MSAs, along with the number of MSAs for which the coefficients 


were either negative and significant or positive and significant at the five-percent level.  


Starting in the first row, the coefficient on the log of parcel size is significant in all 23 


MSAs for both residential land and commercial land.  The median value for residential land 


indicates that doubling the size of a parcel reduces price per square foot by 52 percent; the 


                                                 
13 See Colwell and Munneke (1997) for commercial and residential land prices, Rosenthal and Helsley (1994) for 
residential land prices, and Fisher, Geltner, and Pollakowski (2007) and Munneke and Slade (2000, 2001) for 
commercial real estate prices. 
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median result for commercial land is essentially the same.  These results confirm the plattage 


effect – that the price of a land parcel rises less than one-for-one with its size.   


 The next block of the table shows the differences in price per square foot across the 


different types of land.  Office, retail, and other commercial land sell at a significant price 


premium to industrial land (the omitted category) in every MSA, owing at least in part to zoning 


regulations that push manufacturing to areas that are undesirable for other uses.  On the 


residential side, land for multifamily housing commands a significant premium over land for 


other types of housing, likely reflecting the greater density of multifamily projects. 


 Most of the indicators of the condition of a property have the expected effects on price.  


Property that has been graded, paved, finished, fully improved, platted and engineered, or 


previously developed sells at a price per square foot that is 6 to 31 percent above that for 


unimproved land in the median MSA; these price differentials are statistically significant in a 


majority of MSAs for some variables, but not for others.14  The presence of an existing structure 


has a small positive effect on land prices in the median MSA.  The positive coefficients suggest 


that an existing structure may proxy for unobserved factors that made the land well suited for 


development in the first place.  Unobserved factors also may account for the inconsistent price 


differentials for parcels that lack information on land improvements; these parcels tend to sell at 


a premium to unimproved land in the residential sector but at a discount in the commercial 


sector.  Finally, the dummy for environmental problems is seldom significant, which may reflect 


both the small number of parcels with any noted problems and the absence of information about 


the severity of those problems. 


                                                 
14If we pool the data for all 23 MSAs, the estimated price effects are similar to those in the median MSA, but the 
coefficients become significant at the five-percent level for almost every variable for both residential and 
commercial land.  The pooled results are more precise because of the substantial increase in sample size.      
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  The last block of the table presents the results for intended land use.  As shown, land 


intended to be held for investment, kept as open space, or that has an unknown use generally 


sells at a significant discount to land purchased for private development, as expected.  For the 


other two land-use categories – land purchased for public use or to facilitate a buyer’s expansion 


plan – there are fewer significant price effects on balance.  We did not have strong priors about 


the signs of any such price effects.   


 The results in table 4 indicate that the coefficient estimates for a given variable can span a 


wide range across MSAs and property types.  We conducted an extensive set of hypothesis tests 


to determine if these observed differences are statistically significant.  As detailed in Appendix 


B, the tests overwhelmingly reject the following null hypotheses: that the coefficients for 


residential land equal those for commercial land within the MSAs, that the coefficients for 


residential land are the same across all MSAs, and that the coefficient for commercial land are 


the same across MSAs.  These results imply that the property types and MSAs should not be 


aggregated when estimating the price effects of the variables shown in table 4.15   


Locational effects 
 
 As discussed above, our regression equation features a hybrid specification of the 


locational effects on land prices.  For each MSA, we estimate a separate log-linear distance 


gradient from the CBD for residential and commercial land, along with a locational grid for each 


type of property to capture additional spatial effects.   


                                                 
15 We also tested whether the coefficients on the hedonic variables in table 4 are stable over time.  To conduct this 
test, we split the sample at the end of 2002 – roughly the beginning of the boom-bust cycle in land prices – and 
tested for the equality of individual sets of coefficients and of all coefficients before and after that point.  The results 
soundly rejected the hypothesis of constant coefficients.  However, allowing the hedonic coefficients to vary across 
the two subperiods had almost no effect on the land price indexes calculated from the coefficients on the half-yearly 
dummies, which represent the core contribution of the paper.  In light of this result, we decided not to add time 
variation to what was already a regression with many estimated coefficients.  Accordingly, the coefficient estimates  
in table 4 should be regarded as the average price effects of the hedonic variables over the full sample period. 
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 The estimated distance gradient is negative for both residential and commercial land in 


every MSA and is significant (at the five-percent level) for residential land in 20 MSAs and for 


commercial land in 22 MSAs.  The median value of the gradient across MSAs is -0.37 for 


residential land and -0.42 for commercial land, so that doubling the distance from the CBD, all 


else equal, reduces land value by roughly 40 percent in the median MSA.                         


 However, distance from the CBD does not fully characterize locational effects, as 


expected.  In 22 of the 23 MSAs, at least ten of the grid vertices for residential land are 


statistically significant at the five-percent level; the same result holds for commercial land.  


These results are consistent with the prior literature that has shown the classic monocentric urban 


model does not adequately describe property prices in most cities.  As an example, figure 5 


displays the estimated grids for South Florida.  The back edge of the figure lies along the 


Atlantic coast, with the highest part of the contour representing Miami Beach. The figure clearly 


shows a price premium for land near the coast after controlling for distance from the CBD.                   


Price indexes 


 Given our controls for spatial price effects and key characteristics of the land parcels, the 


coefficients on the half-yearly dummy variables trace out time-series indexes of land prices.  The 


price index in a given half-year equals the exponentiated coefficient for that period divided by 


the exponentiated coefficient for the selected base period, which is 2002:H2.  These price 


indexes are the most important results in the paper. 


 The top panel in figure 6 presents the land price index from a restricted version of the 


hedonic regression that includes a single set of half-yearly dummies.  The resulting price index 


represents a composite index for residential and commercial land in all 23 MSAs.  As shown, 


this price index trended up from 1995 to 2002, rising at an average annual rate of about 7 
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percent.  Prices then surged, increasing 130 percent in total from the second half of 2002 to the 


series peak in the second half of 2006.  Subsequently, the price index plummeted, reaching its 


low in the first half of 2009.  At that point, the price index had retraced nearly its entire post-


2002 run-up.16 


 The lower panel shows separate price indexes for commercial and residential land.  To 


obtain these indexes, we re-estimated the regression using two sets of time dummies, one for 


commercial land in all MSAs and another for residential land in all MSAs.  Both indexes display 


the same broad patterns as the composite index in the upper panel – a moderate uptrend through 


2002, followed by a sharp rise that lasted until the first half of 2006 for residential land and into 


2007 for commercial land.  The earlier peak for residential land is consistent with the housing 


market having been the catalyst for the broader downturn in the economy.  Prices for both 


residential and commercial land then plunged through the first half of 2009.  During both phases 


of the cycle, the index for residential land displays greater amplitude than the index for 


commercial land, and a likelihood ratio test decisively rejects the hypothesis that the two price 


indexes are equal.   


 The basic features of the land price indexes estimated by Sirmans and Slade (2011) are 


similar to those in figure 6.  Both sets of indexes indicate that land prices surged after 2002 and 


                                                 
16 As noted in section 4, we did not attempt to control for the possible effects of sample selection on our estimation 
results because it would have been difficult to implement such a procedure with our dataset.  However, we did 
perform a simple test for possible selection bias in the aggregate land price index shown in the top panel of figure 6.  
The logic for the test is as follows.  Most of the parcels in our dataset were purchased with the intent to develop the 
site (see table 3).  The decision to exercise the development option could make this land different than the many 
parcels that did not change hands and thus remain outside our dataset.  However, the transactions in our dataset for 
which the land will be held for investment or kept as open space are more similar to untransacted land because no 
development option is being exercised in either case.  We used the hedonic regression to estimate separate price 
indexes for land to be developed and land to be held for investment or kept as open space.  The two price indexes 
look qualitatively similar to the aggregate index in the top panel of figure 6, though the index for the second group, 
which serves as our proxy for untransacted land, moves up and down even more sharply during the boom-bust cycle 
than the aggregate index.  This test suggests that, if anything, our aggregate land price index could understate the 
magnitude of the swing in land prices over the recent cycle.  
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have fallen sharply in recent years.  There are, however, some differences in the indexes.  The 


total increase in the Sirmans-Slade indexes from 2002 to the peak, while substantial, is not as 


large as in our indexes, and their indexes peak somewhat earlier than ours.  In particular, their 


composite index of commercial, industrial, and residential land prices peaked in late 2005, when 


real estate markets were still booming, which seems less plausible than the late 2006 peak in our 


composite index.  


 Figure 7 presents our land price indexes for the individual MSAs.  These price indexes 


cover an aggregate of commercial and residential land in the MSA and are calculated using 


MSA-specific time dummies in the regression.  The upper row of the figure shows the indexes 


for MSAs on the East Coast while the middle row presents the indexes for the West Coast MSAs 


and the bottom row shows the indexes for MSAs located in the interior of the country.  All the 


series are indexed to equal 100 in 2002:H2 and every panel has the same scale, so the magnitude 


of the post-2002 run-up in land prices and the subsequent decline can be compared across MSAs. 


The most striking feature of figure 7 is that the swing in land prices generally has been 


much larger on the coasts and in Las Vegas and Phoenix than elsewhere in the country, a pattern 


that mirrors the boom-bust cycle in the housing market in recent years.  Another notable result is 


that land prices in most MSAs have unwound a large share of the earlier price jump.   


 Table 5 provides additional information on the MSA-level indexes.  As shown, the price 


indexes for 18 of the 23 MSAs reached a peak in 2006 or 2007, with the median peak date across 


the MSAs occurring in the first half of 2007.  The total price increase from the second half of 


2002 to the peak ranged from a low of 52 percent in Denver, 75 percent in Dallas, and 78 percent 


in Detroit to nearly 300 percent in Las Vegas; the median rise across MSAs was 155 percent.  


Although the range is extremely wide, even the increases at the low end of the range are not 
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small in any absolute sense.  The table also shows the extent of the price decline from the MSA-


specific peaks to the series low.  Thirteen of the 23 MSAs hit their post-peak low by the first half 


of 2009 and two more reached a low in the second half of 2009, while prices in the other eight 


continued to decline into 2010.  The cumulative peak-to-low decline ranged from about 40 


percent in Denver and San Diego to more than 70 percent in Detroit and Las Vegas, with a 


median price drop of 57 percent across the MSAs.  


 We present analogous results for commercial land in figure 8 and table 6 and for 


residential land in figure 9 and table 7.  The underlying price indexes are calculated from the 


unrestricted version of the regression equation that allows the coefficients of the half-yearly 


dummies to vary across both MSAs and property type.   


Three main conclusions can be drawn from these exhibits.  First, the MSA-level indexes 


confirm that residential land prices generally peaked earlier than commercial prices.  For the 


median MSA, the residential peak preceded the commercial peak by a year and half (2006:H1 


versus 2007:H2).  There is much less difference in timing, however, for the subsequent low; for 


the median MSA, the low for both residential and commercial land prices occurred in 2009:H2.  


Overall, the MSA-level indexes largely echo the timing patterns seen in the bottom panel of 


figure 6 for the aggregate indexes.  Second, for most MSAs, the price swings were greater for 


residential land than for commercial land, which also comports with the aggregate measures in 


figure 6.  Taking the median across MSAs, residential land prices increased 170 percent from the 


second half of 2002 to the peak, about 35 percentage points more than for commercial land 


prices.  Similarly, since the peak, the index for residential land plunged 69 percent in the median 


MSA, 12 percentage points more than the median decline for commercial land.  Finally, as 


shown in figures 8 and 9, the price swings for commercial and residential land generally have 
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been wider on the East Coast and in the Far West than elsewhere in the country, consistent with 


the regional differences for the composite indexes in figure 7.     


6. Further Analysis of Land Prices 


An important issue is how these movements in land prices compare with the price 


changes for housing and commercial real estate over the same period.  In their assessments of 


this issue, Davis and Heathcote (2007), Davis and Palumbo (2008), and Sirmans and Slade 


(2011) found that the price swings for residential land have been wider than those for home 


prices over various periods.  Sirmans and Slade obtained the same result when comparing their 


price index for industrial land to standard price indexes for industrial real estate.17            


 Table 8 compares the land price indexes estimated in this study to well-known indexes of 


home prices and commercial real estate prices.  The land price indexes are the aggregate indexes 


for residential and commercial land that were plotted in the lower panel of figure 6.  We compare 


the index of residential land prices to the S&P/Case-Shiller 20-city index of home prices and the 


index of commercial land prices to the CoStar commercial repeat-sales index.18   


 As shown in the table, the peaks and subsequent lows in our land price indexes are very 


close to those for the comparison price indexes.  The lack of a systematic lead-lag relationship 


between land prices and other real estate prices may reflect the fact that all such prices are 


forward-looking assessments of the discounted profits anticipated from holding these assets.  


Despite the similar timing, the price swings are substantially larger for land prices than for home 


prices or commercial property prices.  On the residential side, the index of land prices rose three 


times as much as home prices from 2002:H2 to the peak in each series and then fell twice as 


                                                 
17 However, their comparison of relative price movements for the non-industrial part of the commercial sector was 
inconclusive because of differences in the sectoral coverage of the indexes. 
18 Information about the CoStar index can be found at http://www.costar.com/ccrsi/index.aspx.  The table shows an 
aggregation of the CoStar sub-indexes for office, retail, and industrial properties.  We exclude apartment properties 
to match the coverage of the commercial land price index.       
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much from the peak.19  The greater amplitude of residential land prices relative to home prices is 


consistent with the results from earlier studies.  Because the Case-Shiller index and other home 


price indexes cover a bundle of land and structures, the results in this paper and elsewhere imply 


that residential land prices have been more variable than the prices of housing structures.  The 


same pattern holds qualitatively for the commercial sector, where land prices rose and then fell 


roughly one and half times as much as the CoStar measure of property prices. 


 A formal test of the statistical significance of these differences would require information 


on the standard errors of all the series in table 8.  Although standard errors for the Case-Shiller 


and CoStar series have not been published, we can make some headway based solely on the 


standard errors for our land price indexes.  In particular, we calculated the percent change 


between the top of the two-standard-error band in 2002:H2 for the residential land price index 


and the bottom of this band at the peak date; we did the same for the price index for commercial 


land.  The results should provide a generous downside bound for the actual increase in land 


prices from 2002:H2 to the peak.  This calculation yields a rise of 145 percent for residential land 


prices and 106 percent for commercial land prices – figures that exceed the increases in the Case-


Shiller index and CoStar indexes, respectively, by a comfortable margin.  We performed an 


analogous calculation to bound the decline in land prices from the peak to the subsequent low.  


The resulting bounded declines were considerably larger than those in the Case-Shiller and 


CoStar indexes.  This assessment suggests that the differences in price volatility in table 8 are 


                                                 
19 The S&P/Case-Shiller index excludes multifamily properties, while the residential land index includes 
multifamily land parcels.  This coverage difference, however, does not appear to distort the comparison between the 
residential land and home price indexes.  CoStar produces a separate price index for apartments.  The price increase 
for apartments from the second half of 2002 to the peak was 53 percent and the decline from the peak to the first half 
of 2009 was 26 percent; both figures closely track the changes in the S&P/Case-Shiller index.  Thus, a broader 
measure of home prices that included apartments would still be considerably less volatile than the index for 
residential land prices.  
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statistically significant unless the standard errors for the Case-Shiller and CoStar indexes are 


very large.          


 The results in table 8 are based on aggregate price indexes that differ somewhat with 


respect to geographic coverage and the weights used to aggregate across MSAs.  These 


differences in index construction could influence the magnitude of the estimated swings in the 


series.  Table 9 addresses this issue by examining the relative price movements at the MSA level.  


For each MSA, we compare the changes in three series: the Case-Shiller home price index, our 


residential land price index, and a price measure for residential structures from Davis and 


Palumbo (2008).20  The table shows the cumulative percent change in each series from 2002:H2 


to the MSA-specific peak in land prices and the change from that point to the MSA-specific low 


in land prices; the 14 MSAs included in the table are those for which all three price series are 


available. This MSA-level test cannot be conducted for the commercial sector because of the 


absence of price indexes for commercial property for individual MSAs.  


 For every MSA, table 9 shows that the appreciation in residential land prices from 


2002:H2 to the MSA-specific peak substantially exceeded the price appreciation for both homes 


and residential structures.  As a summary measure, the median rise in land prices across the 


MSAs was 173 percent, more than three times the median increase in home prices (55 percent) 


and nearly six times the median price increase for structures (31 percent).  This same pattern 


holds in reverse after the peak.  Residential land prices fell more sharply than home prices in 


every MSA, while the price index for structures actually continued to rise in all but one MSA.  


                                                 
20 The Davis-Palumbo series were obtained from their online data files  
(http://www.lincolninst.edu/subcenters/land-values/).   As described in Davis and Palumbo (2008), these indexes use 
the change in construction costs for new residential structures as a proxy for the change in the prices of these 
structures. 



http://www.lincolninst.edu/subcenters/land-values/
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Thus, the wider swings in land prices seen at the aggregate level were not an artifact of 


aggregation but instead reflect a robust feature of relative price movements at the MSA level.   


These results have important implications for the land leverage hypothesis of Bostic, 


Longhofer, and Redfearn (2007).  As noted in the introduction, this hypothesis holds that home 


prices and commercial property prices will be more volatile, all else equal, in areas in which land 


represents a relatively large share of real estate value.  Clearly, this hypothesis can only be valid 


if land prices are more volatile than structures prices.  Our findings validate this required 


condition. 


 A further question of interest is the degree to which the documented volatility in land 


prices can account for the movements in home values.  We address this issue with a standard 


decomposition of the growth in home prices into the contributions from residential structures 


prices and land prices (see Davis and Palumbo, 2008): 


(2)  (1 )hi si si li li li si li lig w g w g w g w g= + = − +  


where ghi, gsi, and gli denote the growth in the prices of homes, structures, and land, respectively,  


in MSA i, wsi and wli  are the shares of home values represented by structures and land, and wsi = 


1 – wli.  The data for ghi, gsi, and gli are the same as in table 9, while the land share of home value 


is from Davis and Palumbo (2008).  For each MSA, we apply the decomposition first to the 


period from 2002:H2 to the peak in land prices and then from the peak to the low for land prices; 


the land shares used in the decomposition are the MSAs-specific average values over each of the 


two periods.  In each period, the contribution from land prices to the growth of home prices is 


wli*gli, and the contribution from structures prices is (1 – wli)*gsi.   The sum of these contributions 


represents the implied growth in home prices from the decomposition.  Note that this implied 


growth rate will not match the growth in the Case-Shiller index, except by chance, because the 
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data employed in the decomposition are not drawn from a fully consistent measurement 


framework.  That is, equation (2) implicitly includes a residual term.     


 Table 10 reports the results of the decomposition over the two periods.  The first column 


for each period (labeled “CS”) shows the percent change in the Case-Shiller index, while the 


other columns represent terms from the right side of equation (2).  Focusing first on the period of 


price appreciation, the estimated contribution from land prices far outstrips the contribution from 


structures prices in 12 of the 14 MSAs, while the contributions are about the same for the two 


MSAs in which home prices rose the least (Atlanta and Denver).  The relative contribution from 


land prices is even greater in the period after the peak.  In every MSA except Atlanta, land prices 


fully account or more than account for the implied drop in home prices, as structures prices 


continued to rise.  Overall, the decomposition assigns a much larger role to land prices than to 


structures prices in explaining the cycle in home prices since 2002.   


 However, the residual in the decomposition – the difference between the implied change 


in home prices and the change in the Case-Shiller index – is often large.  This is especially true 


in the period from 2002:H2 to the peak, when the implied increase in home prices outpaced the 


rise in the Case-Shiller index in every MSA.  The sizable residuals reflect some combination of 


definitional differences among the series in equation (2) and measurement error in these series.  


Future work to calculate the various series in a unified framework would be valuable.21   


 Finally, we examine the contributions of land prices and structures prices to explaining 


the cross-MSA variation in home price changes.  To do this, we regress the change in the Case-


Shiller home price index on the contributions from structures prices and land prices from table 


                                                 
21 Additional work on the land share of home value would be especially useful, as Albouy and Ehrlich (2011) and 
Kok, Monkkonen, and Quigley (2010) both estimate land shares that are lower than the Davis-Palumbo shares.  
Pending such future research, we would note that the contribution of land prices to the change in home prices in 
table 10 would still greatly exceed the contribution of structures prices even if the land shares were scaled down 
considerably from the Davis-Palumbo values.  
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10; the regression also includes a constant term.  We estimate the regression for the period from 


2002:H2 to the peak and then for the period from the peak to the low.  If the accounting 


decomposition in equation (2) held exactly, the constant term would equal zero and the 


coefficient for each price contribution would equal one.     


As shown in table 11, the constant term is not significantly different from zero in either 


period, consistent with equation (2).  However, the coefficient on the contribution from 


structures prices is also insignificant in both periods, contrary to the prediction from the price 


decomposition.  This negative result could arise because the cross-MSA variation in the 


structures contribution is relatively small and therefore could have been swamped by 


measurement error in either component of the contribution -- the estimated structures share of 


home value or the use of construction costs as an (imperfect) proxy for structures prices.   


In contrast to the insignificant coefficient on the structures contribution, the coefficient 


on the land contribution is positive and significant in both periods at the 10 percent level, though 


the estimated values are well below one.  The small coefficient values may not be surprising 


given the element of noise in our MSA-level land price indexes and the potential for 


measurement error in the land shares.  Nonetheless, these results provide some additional 


evidence of the link between changes in land prices and changes in home prices. 


7. Conclusions and Directions for Future Work 


 This paper constructs land price indexes for a broad set of metropolitan areas in the 


United States.  To calculate the indexes, we estimate a hedonic regression for land prices in 23 


large MSAs with a sample of more than 175,000 land transactions from the mid-1990s through 


2010.  The regressions control for a variety of characteristics of the land parcels and for spatial 
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price patterns within an MSA.  Given these controls, the half-yearly dummy variables in the 


regressions trace out the implied land price indexes.      


 The resulting indexes show a dramatic increase in both residential and commercial land 


prices over several years prior to their peaks in 2006-07 and a steep descent since then.  The 


magnitude of the run-up and the subsequent decline differs across the MSAs, with the largest 


movements in MSAs on the East Coast and in the Far West.  Another key result is that the  


swings in land prices for the 23 MSAs as an aggregate have been considerably larger than those 


in well-known indexes of commercial real estate and home prices.  We confirm this finding at 


the MSA level by comparing our residential land price indexes to the Case-Shiller home price 


indexes.  Moreover, a decomposition of the changes in home prices into the contributions from 


construction costs and land prices shows that land prices were by far the more important driver 


of the recent boom-bust cycle in home prices.  


 The CoStar data on land transactions open up many possibilities for future research.  One 


fruitful avenue would be to investigate the sources of the wide swings in land prices.  In 


particular, to what degree have these movements reflected the availability and cost of financing, 


the use of leverage in property transactions, supply and demand fundamentals in local real estate 


markets, or broader economic conditions?  A second avenue would be to develop additional 


evidence on the share of land in the prices of homes and commercial real estate.  This would be 


especially valuable for commercial property, for which no estimates are currently available.      
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Appendix A 


This appendix details the construction of the dataset used in the paper.  We apply a 


sequence of filters to remove transactions that lacked sales prices or supporting documentation, 


were not at arms length, contained apparent data recording errors, fell too far outside the MSA-


specific grid, or were from half-year periods with an insufficient number of observations for a 


given MSA.  The COMPS dataset contains several detailed fields for notes on the property and 


transaction.  We scan these fields for key phrases to identify observations that should be 


excluded from our analysis.  Table A.1 reports the initial sample size by year and the sequential 


effects of each filter. 


The first screen removed transactions for which the sale price was missing or for which 


CoStar collected the transaction information solely from public records without contacting the 


participants to confirm the transaction details.  Given the lack of confirmation, CoStar staff 


recommended that we exclude these transactions from our analysis.  


Although the CoStar notes state whether a transaction has been classified as non-arms-


length, we constructed our own, more comprehensive definition of these and other transactions 


that do not represent the sale of land at current market prices.  We removed transfers of deeds in 


lieu of foreclosure, foreclosed properties seized by lenders, and other properties acquired by 


lenders that lack any notes providing additional clarification.22  We also exclude any transaction 


in which the buyer and seller have either the same name or the same address, transfers within a 


company or family, section 1013 transfers, direct exchanges, transfers of partial interest, gifts, 


eminent domain acquisitions, the exercise of an existing option, and transactions that include a 


ground lease.  Finally, we excluded any transactions that passed these screens but that CoStar 


                                                 
22 As discussed in section 2, foreclosed parcels subsequently sold by lenders would pass this screen, but there were 
too few such sales to generate meaningful results.  Accordingly, we removed all foreclosure transactions from the 
dataset. 







- 33 - 
 


classifies as a non-arms-length or non-market sale or as a sale in which the price does not 


represent the true value of the land.  


We also screened the data for observations where the price per square foot was an outlier 


that appears to reflect data errors in two separate ways.  First, transactions were excluded that 


had an unusually high or low price per square foot and for which the notes indicate that reported 


values could not be confirmed, were misleading, or reflected considerations other than the land 


itself.  Second, we excluded observations where the reported gross square footage of the site was 


dramatically different from the reported net square footage.  The difference between the two 


represents the part of the site that is not buildable, but we were concerned that very large 


differences could indicate a data recording error.   


We controlled for spatial variation within each MSA using Colwell’s (1998) semi-


parametric approach.  This technique, described in section 3, superimposes a grid over a map of 


each MSA, where the grid consists of equal-size squares.  As required by Colwell’s method, 


observations that were more than one square outside this grid – those on the periphery of the 


MSA – were excluded from the analysis. 


Our final filter excluded observations from half-yearly periods that lacked sufficient 


observations to reliably estimate the value of the corresponding time dummy for that particular 


MSA.  As described in section 2, we set this threshold at 20 observations for residential land and 


commercial land separately when we estimate MSA-level price indexes for each property type 


and at 40 observations for the two property types taken together when we estimate an aggregate 


MSA-level price index.  The 20-observation threshold applied to each property type is the more 


restrictive of the two tests, and the table reports the effects of this filter.   







- 34 - 
 


A final issue concerns the time lag before a transaction appears in the COMPS database.  


Our analysis of the historical data indicates that 66 percent of sales are recorded in the database 


within three months of their sale date, 86 percent after six months, and 93 percent after one year.  


Based on these results, we judged that sufficient data were available to estimate preliminary 


price indexes for a given half-year period six months after the end of the period. 
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Appendix B 


This appendix presents the results of a large set of likelihood ratio tests for the equality of 


coefficients in our hedonic regression equation.  For each hypothesis, the test statistic is -2 


ln(λR/λU), where λR is the value of the likelihood function after the equality restrictions have been 


imposed and λU is the value of the unrestricted likelihood function.  This statistic is distributed 


χ2(ρ), where ρ equals the number of restrictions imposed by the null hypothesis.  


 Each column in table B.1 reports the test results for a subset of independent variables.  


The column labeled “Condition of property,” for example, includes the nine dummy variables 


that fall under this heading, for which the coefficient estimates were summarized in table 4.  


Similarly, the column labeled “Time effects” includes the full set of half-yearly dummy 


variables.  For any column in the table, the first row shows the results for the most restrictive null 


hypothesis – that every variable in that column has a single coefficient across all 23 MSAs and 


both property types.  The second row tests a less restrictive null hypothesis – that each variable 


has a single coefficient across all MSAs for residential land and a separate coefficient across all 


MSAs for commercial land.  The next row tests the analogous null within MSAs – that each 


variable has a single coefficient across residential and commercial land in every MSA but that 


this coefficient differs across MSAs.  The remaining rows test the hypothesis that each variable 


has the same coefficient across the two property types for MSAs taken one at a time.  


Each entry in table B.1 presents the p-value for a particular hypothesis test.  p-values 


smaller than 0.05 indicate that the null hypothesis is rejected at the five-percent level of 


significance, while p-values smaller than 0.001 indicate rejection at the one-percent level.  The 


p-values greater than 0.05 have been shaded to highlight the hypotheses that cannot be rejected at 


the standard five-percent level.    
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The results in the first three lines of the table provide strong evidence in favor of the 


highly disaggregated regression model that we estimate instead of a model that aggregates the 


individual MSAs, the two broad property types, or both.  As shown, all of these aggregation 


hypotheses are rejected at the one-percent level of significance.23     


 The remaining rows of the table show that some of the coefficient restrictions cannot be 


rejected for individual MSAs.  For example, in 15 of the 23 MSAs we cannot reject the 


hypothesis that distance from the CBD has the same price effect on residential and commercial 


land.  Similarly, in eight MSAs we cannot reject the hypothesis that parcel size has the same 


price effect on both types of property.  However, in every MSA except one (San Francisco) at 


least some of the equality restrictions are rejected at the one-percent level.  Accordingly, it is not 


appropriate to estimate an aggregated model for residential and commercial land prices in any of 


the MSAs. 


 


 
 
 


                                                 
23 Note that we do not test the equality of the locational grids across MSAs.  Given the differences in geographic 
features across MSAs, we would expect the price surfaces to differ as well.   







Table 1 
Sample Size 


 
 


  Number of sales 
 


MSA 
Starting 
period 


  
Total 


 
Commercial 


 
Residential 


Total --- 176,797 97,074 79,000 
  Atlanta 1995:H1 16,687 8,425 8,262 
  Baltimore 1995:H2 3,548 1,908 1,588 
  Boston 1995:H1 3,765 1,966 1,724 
  Chicago 1995:H1 14,394 8,547 5,847 
  Dallas 1995:H2 4,854 3,990 728 
  Denver 1995:H2 8,348 4,597 3,736 
  Detroit 1999:H2 3,239 2,144 1,067 
  Houston 1999:H2 2,824 2,374 330 
  Las Vegas 1995:H1 10,321 4,794 5,510 
  Los Angeles 1995:H1 13,682 9,443 4,239 
  New York 1998:H2 6,774 4,011 2,763 
  Orlando 1995:H1 7,680 4,452 3,190 
  Philadelphia 1998:H1 5,220 2,652 2,489 
  Phoenix 1995:H1 17,955 8,334 9,621 
  Portland 1995:H1 6,497 2,550 3,910 
  Sacramento 1995:H1 2,727 1,997 746 
  San Diego 1995:H1 3,206 2,129 1,085 
  San Francisco 1995:H1 4,497 3,110 1,325 
  Seattle 1995:H1 9,461 3,838 5,623 
  South Florida  1997:H2 9,311 6,105 3,190 
  Tampa/St. Petersburg 1997:H2 6,761 4,244 2,509 
  Tucson 1995:H1 5,231 1,975 3,236 
  Washington DC 1995:H1 9,815 3,489 6,282 
 


Note.  Los Angeles is defined to include Orange County and the Inland Empire; New York is defined to 
include northern New Jersey, Westchester County, and Long Island; and San Francisco is defined to include 
Marin/Sonoma, East Bay/Oakland, and South Bay/San Jose.  The number of observations in the “Total” 
column does not equal the sum of the observations in the “Commercial” and “Residential” columns because 
of the sample construction rules we applied.  See the text for details. 
Source.  Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 


 
  



http://www.costar.com/





Table 2 
Summary Statistics for Parcel Size and Distance from CBD 


 
 


Variable 10th percentile Median 90th percentile 
Parcel size (acres)    
    Residential      .6 7.3 77.6 
    Commercial .4 2.5 20.1 
  Distance from CBD (miles)    
    Residential 6.7 19.5 42.7 
    Commercial 4.8 17.5 44.0 


 
Source.  Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 
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Table 3 
Shares of Sample by Indicator Variable 


(percent) 
 


 
Variable Residential Commercial 


Type of property   
    Single-family 45.4  
    Multifamily rental 11.8  
    Other residential 42.8  
    Office   8.2 
    Industrial  22.4 
    Retail  16.4 
    Other commercial  53.0 
Condition of property   
    Unimproved 57.8 50.0 
    Graded 4.5 8.4 
    Paved .6 2.7 
    Finished 18.9 7.1 
    Fully improved 3.0 2.1 
    Platted and engineered 2.8 1.4 
    Previously developed 4.0 6.3 
    Structure present 33.7 31.2 
    Improvements unknown 8.0 18.0 
    Environmental problems .1 .4 
Intended use   
    Private development 76.7 74.6 
    Hold for investment 11.2 9.0 
    Open space 1.2 .5 
    Public use 1.1 2.2 
    Unknown 9.7 13.6 
    Expansion of adjacent property .3 1.6 
 


Note.  The property types are mutually exclusive within the residential and commercial samples.  The 
condition of property categories are not mutually exclusive and may overlap.  The intended use categories, 
with the exception of “Sold as a part of expansion plan,” are mutually exclusive. 
Source.  Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 
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Table 5 
Price Indexes for Composite of Commercial 


 and Residential Land by MSA 
 


 
 Date of Percent change 
 


MSA 
 


Peak 
Post-peak 


low 
2002:H2 
to peak 


Peak 
to low 


Atlanta 2007:H1 2010:H1 86 -62 
Baltimore 2007:H2 2009:H1 161 -61 
Boston 2007:H2 2009:H1 181 -67 
Chicago 2006:H2 2010:H2 109 -64 
Dallas 2008:H1 2010:H2 75 -48 
Denver 2008:H1 2009:H1 52 -41 
Detroit 2005:H1 2010:H1 78 -75 
Houston 2006:H1 2009:H1 116 -50 
Las Vegas 2007:H2 2009:H1 289 -71 
Los Angeles 2006:H2 2009:H1 163 -60 
New York 2007:H2 2009:H1 218 -47 
Orlando 2006:H2 2010:H1 154 -60 
Philadelphia 2007:H2 2009:H1 163 -45 
Phoenix 2006:H1 2010:H2 191 -68 
Portland 2006:H1 2010:H2 183 -57 
Sacramento 2008:H1 2009:H2 147 -43 
San Diego 2005:H2 2010:H2 122 -39 
San Francisco 2006:H2 2009:H1 155 -55 
Seattle 2006:H2 2009:H1 158 -61 
South Florida 2007:H2 2009:H1 201 -69 
Tampa 2007:H1 2009:H1 149 -56 
Tucson 2007:H1 2009:H1 118 -50 
Washington DC 2007:H1 2009:H2 248 -41 
Median across 
  MSAs 2007:H1 2009:H1 155 -57 


 
Note.  See table 1 for definitions of selected MSAs.  
Source.  Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 
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Table 6 
Price Indexes for Commercial Land by MSA 


 
 


 Date of Percent change 
 


MSA 
 


Peak  
Post-peak 


low 
2002:H2 
to peak 


Peak 
to low 


Atlanta 2007:H1 2010:H2 92 -57 
Baltimore 2007:H2 2009:H1 120 -59 
Boston 2005:H2 2009:H1 169 -69 
Chicago 2006:H2 2009:H1 122 -53 
Dallas 2008:H1 2010:H2 66 -48 
Denver 2008:H1 2010:H2 69 -34 
Detroit 2005:H2 2010:H1 55 -74 
Houston 2006:H1 2009:H2 107 -47 
Las Vegas 2007:H2 2009:H1 264 -71 
Los Angeles 2006:H2 2009:H1 162 -59 
New York 2007:H2 2009:H1 200 -42 
Orlando 2007:H2 2010:H1 153 -65 
Philadelphia 2007:H2 2009:H1 152 -49 
Phoenix 2007:H2 2010:H2 133 -66 
Portland 2007:H1 2009:H1 104 -35 
Sacramento 2008:H1 2010:H2 168 -66 
San Diego 2005:H2 2010:H2 146 -46 
San Francisco 2007:H2 2009:H1 134 -59 
Seattle 2007:H2 2009:H1 162 -49 
South Florida 2007:H2 2009:H1 235 -67 
Tampa 2007:H1 2010:H1 115 -56 
Tucson 2007:H1 2010:H2 136 -43 
Washington DC 2007:H1 2010:H1 214 -58 
Median across 
  MSAs 2007:H2 2009:H2 136 -57 


 
Note.  See table 1 for definitions of selected MSAs.  
Source.  Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 
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Table 7 
Price Indexes for Residential Land by MSA 


 
 


 Date of Percent change 
 


MSA 
 


Peak1  
Post-peak 


low2 
2002:H2 
to peak1 


Peak 
to low 


Atlanta 2006:H2 2010:H1 90 -69 
Baltimore 2006:H1 2009:H1 131 -53 
Boston 2005:H2 NA 135 NA 
Chicago 2005:H2 2009:H1 126 -74 
Dallas NA NA NA NA 
Denver 2006:H2 2010:H2 41 -31 
Detroit 2005:H1 2009:H2 136 -82 
Houston NA NA NA NA 
Las Vegas 2007:H1 2009:H1 334 -71 
Los Angeles 2006:H2 2009:H1 170 -70 
New York 2007:H2 2010:H2 336 -72 
Orlando 2005:H2 2010:H2 215 -69 
Philadelphia 2005:H2 2009:H2 183 -54 
Phoenix 2006:H1 2009:H1 292 -81 
Portland 2006:H1 2010:H2 268 -71 
Sacramento 2005:H2 2009:H2 141 -56 
San Diego 2005:H2 2007:H2 175 -55 
San Francisco 2006:H2 2009:H2 250 -64 
Seattle 2006:H2 2009:H1 170 -70 
South Florida 2006:H1 2009:H1 186 -83 
Tampa 2005:H2 2009:H2 200 -76 
Tucson 2006:H1 2009:H1 129 -60 
Washington DC 2006:H1 2008:H2 169 -44 
Median across 
  MSAs 2006:H1 2009:H2 170 -69 


 
1.  Calculated only for MSAs for which the price index is available through at least 2006:H2 or for which the 
available data prior to 2006:H2 indicate an earlier peak. 
2. Calculated only for MSAs for which the price index is available in 2009:H1 or later. 
Note.  See table 1 for definitions of selected MSAs.  NA indicates that the price index is not available. 
Source.  Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 
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Table 8 
Price Indexes for Land, Homes, and Commercial Real Estate 


 
 


 Date of Percent change 
 


Index 
 


Peak 
Post-


peak low 
2002:H2 
to peak 


Peak to 
low 


Residential      
   Land price index 2006:H1 2009:H1 164 -63 
   S&P/Case-Shiller 20-city home price index 2006:H2 2009:H1 55 -31 
Commercial      
   Land price index 2007:H2 2009:H1 124 -48 
   CoStar commercial repeat-sales index 2007:H2 2009:H2 79 -35 
 


Note.  The land price indexes are those calculated for the aggregate of all 23 MSAs, which were shown in the 
lower panel of figure 6.  The CoStar commercial repeat-sales index is a special value-weighted index produced 
for the Federal Reserve Board and  includes office, retail, multifamily, and industrial properties for the U.S. as 
a whole and is not limited to the 23 MSAs in our sample.  The S&P/Case-Shiller index covers single-family 
homes; the 20 cities in the home price index do not map exactly into the 23 cities in our land price index.  All 
figures in the table are calculated from data that are not seasonally adjusted. 
Sources.  Land price indexes: Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com).  
CoStar commercial repeat-sales index: CoStar. S&P/Case-Shiller index: Standard and Poor’s. 
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Table 11 
Cross-MSA Regressions of Home Prices on Contributions from 


Structures and Land Prices 
 


Variable 2002:H2 to peak Peak to low 


Constant 0.206 
(0.318) 


-0.057 
(0.110) 


Structures price contribution 0.401 
(1.558) 


-0.613 
(0.735) 


Land price contribution 0.256* 
(0.145) 


0.470* 
(0.250) 


R2 0.251 0.295 
 


Note: Dependent variable is the S&P Case-Shiller home price index.  Standard errors in 
parentheses.   * indicates significance at the 10 percent level. 


 
  







 
 


Table A.1 
Construction of Sample by Year 


 
 


 
Year 


(1) 
Initial  
sample  


(2) 
Price 


Missing or 
Public 
Record 


(3) 
Non-


market 
sale 


(4) 
Outliers 


(5) 
Too far 
outside 


grid 


(6) 
Fails 


MSA obs. 
test 


(7) 
Final 


sample 


1995 8,230 584 231 0 547 23 6,845 
1996 9,912 682 258 2 441 37 8,492 
1997 11,598 874 370 0 580 66 9,708 
1998 13,972 777 633 1 240 52 12,269 
1999 16,338 858 860 8 180 30 14,402 
2000 15,798 697 862 5 106 39 14,089 
2001 13,792 585 802 7 101 0 12,297 
2002 15,231 498 860 6 115 28 13,724 
2003 16,410 392 805 9 115 0 15,089 
2004 18,190 702 818 28 164 66 16,412 
2005 16,103 340 747 31 249 60 14,676 
2006 15,399 1,094 702 29 864 97 12,613 
2007 13,841 2,671 860 18 1,143 196 8,953 
2008 12,033 3,311 1,147 21 456 198 6,900 
2009 14,953 7,273 1,934 18 362 181 5,185 
2010 10,804 4,447 1,491 11 290 145 4,420 
Total 222,604 25,785 13,380 194 5,963 1,218 176,074 
 


Source. Authors’ analysis of data from the CoStar Group, Inc. (www.costar.com). 
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   Source.  Authors’ analysis of data from the CoStar Group, Inc.


Figure 1
Median Half-Yearly Sample Size Across MSAs







 


 
Figure 2 


Illustration of Vertex Weights 
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Figure 3
Locational Grid for Dallas
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Figure 4
Locational Grid for South Florida







Figure 5 
Land Price Surface for South Florida 
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Figure 6
National Land Price Indexes


   Source.  Authors’ analysis of data from the CoStar Group, Inc.
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Figure 7
Aggregate Land Price Indexes by MSA


Note.  Data plotted at half-year frequency.  Red segments between dots represent interpolation for missing half-yearly estimates.
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Figure 8
Commercial Land Price Indexes by MSA


Note.  Data plotted at half-year frequency.  Red segments between dots represent interpolation for missing half-yearly estimates.
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Figure 9
Residential Land Price Indexes by MSA


Note.  Data plotted at half-year frequency.  Red segments between dots represent interpolation for missing half-yearly estimates.  Houston not shown 
due to small number of half-yearly estimates.
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