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ABSTRACT 
 
This dissertation consists of three papers that explore the intersection between geography 

and housing markets.  The research examines both how geographic context shapes 

housing prices and how house prices influence geography through household location 

decisions. 

The first paper explores the spatial structure of housing prices within Tucson, 

Arizona.  Hedonic house-price studies typically assume that housing attribute prices are 

constant over space.  The research tests this assumption and compares two methods of 

incorporating spatial-varying parameters into house-price models: geographically 

weighted regression and the spatial expansion method.  The results provide evidence that 

housing attribute prices do indeed vary with geographic context and suggest that more 

reliable parameter estimates and better house-price estimation accuracy can be achieved 

through the use of these techniques. 

The second paper builds upon the first by examining how more realistic 

conceptions of housing market spatial structure influence the hedonic price estimates of 

location-specific externalities.  The empirical analysis examines how two key spatial 

effects, spatial dependence and spatial heterogeneity, impact the marginal price estimates 

for proximity to the Rillito River, within Tucson, Arizona.  Both spatial effects are found 

to influence the resulting estimates, but spatial heterogeneity is of greater practical 

importance as the price estimates vary widely with geographic context.  This research 

highlights the importance of considering both spatial effects in hedonic externality 

valuations.  
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The final paper explores how housing prices influence interregional migration 

patterns, and more specifically, how their influence varies with both stage in the life 

course and educational attainment.  The research models metropolitan migration within 

the United States during the period 1995 to 2000.  The results indicate that housing prices 

play an important role in driving regional demographic change, as their influence varies 

with both demographic characteristics.  High housing prices deter individuals in their late 

twenties and early thirties, but their influence wanes during middle age.  House prices 

become more important as individuals near retirement.  The results also provide evidence 

that college graduates respond more to house price differentials than do persons with 

lower levels of educational attainment. 
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CHAPTER 1 

INTRODUCTION 

1.1 Geography and house prices 
 
 
This dissertation explores several aspects of the intersection between geography and 

house prices.  Housing prices are determined within a localized context and vary widely 

across space.  Indeed, location is a primary determinant of a home’s value, as otherwise 

similar homes sell for vastly different prices depending upon their location.  In turn, 

housing prices influence residential location decisions.  Thus housing prices both shape 

and are shaped by geography.   

Within a metropolitan area, the location of a household’s residence confers access 

to labor market opportunities and a variety of location-specific amenities, such as good 

schools or a pleasant natural environment.  Spatial variation in housing prices in part 

reflects the capitalization of these location-specific opportunities, as households are 

willing to pay more for housing located advantageously with respect to them.  The 

hedonic method, pioneered by Rosen (1974), attempts to measure these “compensating 

differentials” by analyzing house-price differentials.  The hedonic approach has been 

used extensively to value locational externalities and for property assessment purposes.  

Thus, the accuracy of hedonic results has important public policy implications.   

While the importance of location is anecdotally recognized, hedonic house-price 

studies have often taken a naïve approach to space, which potentially results in biased 
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marginal price estimates and obscures important valuation dynamics (Bowen et al. 2001; 

Palmquist 2005).  For example, hedonic studies typically assume that marginal implicit 

prices are constant within metropolitan areas.  However, there is a strong rationale to 

expect variation with geographic context (Straszheim 1974; Schnare and Struyk 1976; 

Goodman 1981).  Additionally, house prices may be subject to geographic spillover 

effects, or spatial dependence, which has, until recently, been ignored in empirical 

applications (Palmquist 2005).   

Advances in geographic information systems and spatial econometric techniques 

have produced new tools that enable researchers to incorporate the spatial structure of the 

housing market in a more realistic manner.  While the hedonic literature has begun to 

recognize the importance of spatial effects, the prevalence of these phenomena, as well as 

their effect upon house-price prediction accuracy and amenity valuation is still not well 

understood.  

The first two papers that comprise this dissertation examine how more realistic 

conceptions of housing market spatial structure influence the results of hedonic models.  

The primary objectives are to clarify the role that geographic context plays in the 

determination of housing prices, and to provide practical guidance relating to how the 

treatment of space influences house-price prediction accuracy and externality valuation 

estimates.   

Housing prices also influence household location decisions.  However, the linkage 

between house prices and regional growth and development has received scant attention 

in the academic literature (Glaeser et al. 2006).  House-price levels vary widely across the 
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United States, and the geographic dispersion in prices has widened through time.  

Because housing represents both the greatest component of expenditures and wealth to 

the typical household, geographic house-price differentials may influence migration 

decisions as moves represent opportunities to improve the household’s quality of life and 

financial standing.  There are also strong reasons to expect that the relationship between 

house prices and migration will vary with household characteristics, such as age and 

socioeconomic status, due to variations in preferences and financial constraints.  Hence 

housing prices also have the potential to influence the demographic composition of 

regions. 

The migration literature is largely silent on housing prices.  While Gabriel et al. 

(1992) and Potepan (1994) explicitly address the role of housing prices, the evidence 

from these studies is, at best, inconclusive.  Moreover, neither paper considers how the 

relationship varies with household characteristics.  Thus, the linkage between housing 

prices and interregional migration patterns is still not well understood.  Given the 

unprecedented escalation in housing prices in many regions of the country during this 

decade, it is perhaps more important than ever to understand how housing prices 

influence migration decisions.  The final paper comprising this dissertation seeks to 

clarify this issue. 

The remainder of this section is organized as follows.  It begins with an overview 

of hedonic property value models with an emphasis on the treatment of space and 

location, and then discusses how the dissertation research adds to this literature.  The next 

section provides a theoretical justification for the relationship between house prices and 
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interregional migration and reviews the pertinent literature.  This is followed by a 

discussion of the objectives of the final phase of the dissertation research, and the chapter 

concludes with an outline of the remainder of the dissertation. 

1.2 Situating the research 

1.21 Hedonic property value models 

 
The hedonic property value method has been used extensively to value non-marketed 

goods such as ambient air quality or proximity to hazardous waste sites.  As a revealed- 

preference approach to valuation, the marginal implicit prices of housing attributes are 

estimated through an analysis of home-purchase decisions.  The theory behind the 

hedonic method was outlined in Rosen (1974).  It rests on the premise that certain goods 

can be considered to be comprised of a bundle of distinct characteristics, and that utility 

is gained through the individual characteristics rather than through the package as a 

whole.  The implicit marginal price associated with each characteristic can be inferred by 

observing how prices vary for bundles with differing quantities of each characteristic.  

Following this line of reasoning, houses can be considered to be a bundle of 

characteristics comprised of varying quantities of distinct attributes such as living space, 

lot area, and age, as well as locational characteristics such as accessibility, neighborhood 

attributes and environmental quality.  The sale price of a home reflects the value of the 

entire bundle.  The hedonic method is operationalized by regressing the characteristics of 

homes on observed sale prices.  If the required regression assumptions are met, the 

parameter estimates represent the marginal implicit price of each attribute.  The complex 
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spatial nature of the housing market poses several unique challenges to meeting these 

assumptions, which are described in detail below. 

The importance of location as a determinant of housing prices is universally 

recognized. Indeed, as the often cited adage goes, the three most important determinants 

of real estate prices are location, location, location.  Thus, controlling for location and 

space are essential to explaining house-price differentials and deriving accurate marginal 

price estimates.  However, in practice, hedonic researchers have not always given spatial 

issues due consideration.   

Anselin (1988) identifies two important spatial effects that frequently arise in 

spatial data sets: spatial dependence and spatial heterogeneity.  There is good reason to 

expect that both spatial effects will be present within house price models, but they have 

been ignored in most hedonic applications (Bowen et al. 2001, Páez et al. 2001, 

Palmquist 2005).  Thus, their effect on hedonic results is still not clearly understood.  A 

description of these spatial effects follows. 

 

Spatial dependence.  Spatial dependence is associated with spatially correlated error 

terms and represents a violation of the assumption of spherical error terms.  Spatial 

dependence may result from several common forms of misspecification or when spatial 

data is modeled incorrectly (Orford 1999).  Can (1992) identifies two distinct reasons 

why spatial dependence arises within the housing market context.  First, the underlying 

process of house-price determination may lead to spatially correlated errors because the 

price of a home is determined, to some extent, by the price of neighboring properties.  



 
 
  

 

15 

Indeed, “comparable” sales are used to appraise and set asking prices for homes.  Second, 

homes located in close proximity share important locational influences, which if omitted 

will cause the error terms to be correlated.  This is a common problem in hedonic house-

price models because it is difficult, if not impossible, to fully specify the myriad of 

locational attributes that influence housing prices (Orford 1999). 

There are two distinct ways of treating spatial dependence associated with the two 

processes described above.  The spatial error model assumes that spatial dependence 

arises from misspecification and, consequently, it is treated as a nuisance.  This form of 

spatial dependence violates the OLS assumption of constant error variance and is thus a 

form of heteroskedasticity, which results in inefficient estimates and biased standard 

errors that invalidate hypothesis tests.  The second form of spatial dependence posits that 

a home’s price is determined in part by the prices of nearby properties.  Neighboring 

prices can be incorporated into a hedonic model by including a spatially lagged 

dependent variable.  This is referred to as the spatial lag model.  A failure to include a 

spatial lag, when it is appropriate, may result in omitted-variable bias as well as 

heteroskedasticity.  

Anselin (1998) develops statistical tests to evaluate regression results for both 

forms of spatial dependence as well as methods to address them through spatial 

econometric techniques.  Depending on the specific form of spatial dependence, spatial 

models include either a lagged dependent variable or they model the spatial structure of 

the error term.  The literature has begun to recognize the importance of spatial 
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dependence in recent years, and spatial econometric estimation has been found to 

improve the statistical performance of hedonic models (Palmquist 2006). 

 

Spatial heterogeneity.  Spatial heterogeneity is a second important spatial effect that may 

be prevalent within housing markets.  It refers to situations in which parameter estimates 

are not constant, but rather vary with geographic context.  Most hedonic applications 

have conceptualized the metropolitan area as a single unified housing market, and while 

neighborhood effects may be incorporated through varying intercepts, the coefficients of 

housing attributes are held constant throughout the market (Orford 1999).  If spatial 

heterogeneity is present, stationary coefficient models will produce parameters that are in 

essence an “average” value of the parameter over all locations (Fotheringham et al. 

2000).  A failure to incorporate spatial heterogeneity, when present, may result in biased 

coefficient estimates, decreased explanatory power, and obscure important dynamics 

relating to the operation of housing markets. 

There is good reason to expect the marginal prices of housing attributes to exhibit 

spatial heterogeneity within large housing markets due to localized supply and demand 

imbalances (Schnare and Struyk 1975; Michaels and Smith 1990; Goodman 1981; Dubin 

et al. 1987).  Housing characteristics typically exhibit strong spatial patterns within 

metropolitan areas due to the phased nature of urban development.  For example, near the 

center of a metropolitan area homes tend to be older and frequently lack features such as 

large garages, when compared to those located at the suburban fringe.  Because housing 

is fixed in location and durable, the characteristics of the housing stock may change only 
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slowly in response to changing demand.  Thus, the supply of certain types of housing and 

neighborhood characteristics may be highly inelastic (Schnare and Struyk 1975).   

Demand for specific structural and locational attributes is also known to vary 

based on socioeconomic status, household status, race and ethnicity (Quigley 1985).  

Moreover, household budgets and the location of daily activities may constrain 

households from participating in all segments of a large market.  For example, Huff 

(1986) finds that housing search behavior is highly concentrated within limited 

geographic areas that are related to the location of the workplace.  In addition, Michaels 

and Smith (1990) argue that access to information and the “gate-keeping” role played by 

market participants such as realtors, lenders, and appraisers may constrain participation. 

Demand for certain housing attributes such as a high quality school district, 

spatial proximity to the workplace, or for a home with a specific number of bedrooms 

may be inelastic (Schnare and Struyk 1975).  Thus, all homes within a large metropolitan 

area will not be substitutable to buyers, and independent hedonic price schedules may 

arise due to spatial mismatches in both supply and demand for specific housing 

characteristics.  Greater competition for those housing attributes in high demand, yet 

locally scarce, should result in higher marginal prices.   

As early as the 1970s, the hedonic literature began to recognize that parameter 

estimates vary within metropolitan areas (Straszheim 1974; Schnare and Struyk 1975).   

However, the metropolitan area continues to be conceptualized as a single, unified 

housing market in most hedonic studies.  Attempts to address spatial heterogeneity fall 
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broadly into two categories: those that allow parameter estimates to vary between discrete 

areas and those that allow parameter estimates to “drift” with absolute location.   

The market segmentation approach proceeds by segmenting the metropolitan 

housing market into discrete areas or geographic submarkets within which pricing is 

thought to be uniform.  Separate hedonic price schedules are then estimated for each 

submarket.  However, in practice, housing submarkets are difficult to define, and a 

consensus has not been reached regarding the appropriate methodology.  The 

segmentation process typically begins by selecting a unit of analysis, such as 

municipalities, school districts, or census tracts.  Various procedures are then employed 

to group these units into housing submarkets, often based upon similarities in regression 

coefficients between areas (Straszheim 1974; Schnare and Struyk 1975; Goodman 1981; 

Goodman and Thibodeau 1998; 2003; Bourassa et al. 1999).  Other grouping procedures 

have been suggested as well.  For example, Michaels and Smith (1990) rely upon realtor 

evaluations, and Bourassa et al. (1999) use a combination of principal component and 

cluster analysis.   

A related approach uses the expansion method, pioneered by Casetti (1972), to 

allow parameter estimates to vary between predefined areal units such as census tracts or 

other jurisdictional boundaries.  Within this approach, interaction terms between the 

housing characteristics and areal units are created and used as independent variables, 

which allows housing attribute estimates to vary between areas.  Within the housing 

market context, Can (1992) and Theriault et al. (2003) take this approach.  They find that 
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the interaction terms are often significant.  The main drawback is that the predefined 

areas may not accurately reflect the spatial structure of the housing market. 

The second, more recently developed, approach to dealing with spatial 

heterogeneity includes methods that allow marginal implicit price estimates to vary based 

on absolute location.  For example, a parcel’s absolute location can also be exploited 

within the expansion-model framework.  Fik et al. (2003) specify a “fully interactive” 

expansion model, which interacts a second order polynomial expansion of housing 

attributes with an expansion of each property’s {x, y} coordinates.  The estimates for 

many attribute-location interaction terms were found to be significant, which implies that 

the marginal implicit prices for the housing attributes vary with location. 

Brunsdon et al. (1996) developed another modeling approach, Geographically 

Weighted Regression (GWR), which allows parameter estimates to vary over space.  The 

GWR method estimates separate regression models for each observation location, 

weighting other observations by their distance to the regression point, which results in a 

unique set of marginal price estimates at each location.  GWR has not been widely used 

within the housing market context.  Farber and Yeats (2006) is the only published 

empirical study that uses GWR.  In their case study of the Toronto, Canada housing 

market, they find spatial heterogeneity to be present in the estimates for several housing 

attributes. 

The literature has yet to address the issue of whether the discrete or continuous 

approach to incorporating spatial heterogeneity is superior.  One important advantage of 

the continuous approach is that it does not require submarkets to be delineated.  However, 
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the discrete approach may have a stronger theoretical foundation, in that inelastic demand 

for locational attributes with discrete boundaries, such as a strong school district, may 

cause abrupt changes in housing attribute prices. 

While spatial heterogeneity has received renewed attention in recent years, and 

new methods have been developed to address it, several important questions remain to be 

resolved.  First, there is little consensus regarding how prevalent spatial heterogeneity is 

within housing markets.  Second, the literature provides little practical guidance as to 

which method of incorporating spatial heterogeneity is most appropriate.  In particular, 

no empirical comparisons have been made between the spatial expansion method and 

geographically weighted regression, so researchers have little guidance as to the relative 

merits of each approach.   

 

The treatment of space in environmental externality valuations.  The hedonic method has 

been widely utilized to value environmental externalities, such as air and water quality, as 

well as to study the influence of proximity to hazardous waste sites or amenities such 

open space or riparian habitats (Boyle and Kiel 2001).  Controlling for location and space 

is essential within this context, as environmental externalities are spatial manifestations 

themselves, which may be correlated with other locational attributes.  While the 

importance of spatial structure is increasingly recognized in the general hedonic 

literature, empirical studies of environmental externalities have lagged behind in this 

regard (Palmquist 2006).  In fact, Boyle and Kiel’s (2001) survey of the environmental 

literature does not mention spatial effects at all. 
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In recent years, a number of hedonic studies have addressed spatial dependence 

within the environmental context (Pace and Gilley 1997; Kim et al. 2003; Beron et al. 

2004; Brasington and Hite 2005; Anselin and LeGallo 2006).  These studies generally 

find the results of spatial models to be statistically superior to nonspatial models, but 

several suggest that the effect on environmental value estimates is relatively minor 

compared to other modeling issues.  For instance, Beron et al. (2003) suggest that ad hoc 

decisions of the choice of location variables have a far greater impact on the resulting 

estimates of the value of air quality. 

Despite the strong theoretical underpinnings and empirical evidence discussed 

earlier, spatial heterogeneity has received even less attention in the externality literature; 

most studies continue to conceptualize the metropolitan area as a single unified housing 

market.  Two notable exceptions are Michaels and Smith (1990) and Palmquist (1992).  

In an evaluation of hazardous waste sites, Michaels and Smith (1990) classified suburban 

Boston communities into market segments defined based on a survey of local realtors.  

The estimated marginal price of distance from a hazardous waste site differed markedly 

between submarkets.  Palmquist (1992) found that the disamenity effect associated with 

highway noise varied based on the income level of the study neighborhoods. 

In theory, the failure to accurately represent the complex spatial structures 

inherent in housing markets may invalidate traditional hypothesis-testing techniques and, 

worse yet, lead to biased estimates of the marginal price of environmental attributes or 

obscure important dynamics relating to how willingness to pay for environmental quality 

varies with neighborhood context.  However, little is known regarding the practical 
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consequences of this failure because no environmental valuation studies have addressed 

both spatial effects simultaneously.   

1.2.2  Incorporating more realistic conceptions of spatial structure 

 
To summarize, while location is anecdotally recognized as a critical determinant of house 

prices, hedonic house-price studies have not given adequate attention to the spatial 

structure of the housing market.  The literature indicates that both spatial heterogeneity 

and spatial dependence are likely to be prevalent in the housing-market context.  The 

prevalence of spatial effects and the affect that they have upon the results of hedonic 

models are still not wholly understood.  The first two papers comprising the dissertation 

research respond to this deficiency in the literature, by using a rich data set of home sales 

and property characteristics from the Tucson, Arizona housing market, to explore the role 

that spatial effects play in hedonic estimation.   

The research first focuses on the issue of spatial heterogeneity.  The results of two 

methods of incorporating spatial heterogeneity into the hedonic framework - the spatial 

expansion method and geographically weighted regression - are compared to the results 

of a more traditional aspatial hedonic specification.  No prior empirical comparisons of 

the two methods have appeared in the literature.  The primary objectives of this research 

are to: (1) empirically test the assumption that hedonic marginal implicit price estimates 

vary over space within the Tucson housing market and, (2) compare the statistical 

performance and predictive accuracy of a traditional hedonic specification with that of 

GWR and spatial expansion models.   
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The second dissertation paper seeks to evaluate how more realistic conceptions of 

housing market spatial structure influence hedonic marginal implicit price estimates for 

an environmental externality, the Rillito River, within Tucson, Arizona.  This research 

considers the influence of both spatial heterogeneity and spatial dependence, which have 

not previously been addressed simultaneously in the environmental externality literature.  

The primary objectives are to:  (1) demonstrate how spatial heterogeneity and spatial 

dependence influence the marginal implicit price estimates for proximity to the Rillito 

River, and (2) assess the relative importance of these two types of spatial effects within 

the context of externality valuation. 

Thus, the overarching objective of the first phase of the dissertation research is to 

empirically demonstrate the importance of spatial structure within the hedonic context 

and to provide practical guidance to researchers as to how more sophisticated conceptions 

of housing market spatial structure can improve the accuracy of hedonic model results as 

well as the reliability of externality value estimates.   

 

1.2.3 Migration and housing prices 

While the fact that housing prices are shaped by geography is widely recognized, the role 

that housing markets play in shaping geographic patterns of population and economic 

activity has received scant attention in the literature (Glaeser et al. 2006).  Housing prices 

have the potential to shape regional development patterns through their impact on 

household migration decisions.  Because housing represents both the greatest component 

of expenditures and wealth to the typical household, geographic house-price differentials 
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may influence migration decisions as moves represent opportunities to improve the 

household’s quality of life or financial position.  Moreover, the influence of housing 

prices may vary with household characteristics because household preferences and 

financial constraints vary as well.  Thus, house prices also have the potential to influence 

the demographic composition of regions. 

 

Theoretical perspectives on migration.  Research on the determinants of interregional 

migration has typically been couched within a utility-maximizing theoretical framework 

in which households compare utility, a function of economic opportunity and amenities, 

at their present location to that attainable in alternative locations.  If the differential is 

great enough to overcome the costs of moving, both monetary and psychic, migration 

will occur.  Although many other migration motives exist, such as migrations required of 

military households or moves by young adults to pursue educational opportunities, this 

theoretical approach underpins much of our understanding of the determinants of 

migration.   

Two main theoretical perspectives dominate the interregional migration literature, 

both of which rely upon the premise of individual utility maximization.  The 

disequilibrium perspective sees migration as largely a response to differences in place-

specific economic opportunities, which reflect the potential for gains in household utility 

that can be captured through interregional moves.  This perspective builds upon the 

human capital approach, outlined by Sjaastad (1962), which suggests that individuals will 
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migrate to the location that maximizes the present value of the stream of net expected 

benefits from migration.   

Conversely, the equilibrium perspective, championed by Graves (1980, 1983), 

argues that regions adjust quickly to economic shocks and that they are never far from 

equilibrium.  From this perspective, wage and rent differentials do not reflect 

opportunities for utility gains, but rather compensate for differences in place-specific 

amenities.  Migration then represents a response to changing preferences for amenities, 

which may arise due to factors such as rising incomes (Graves 1980).  Much of the 

subsequent migration literature has sought to clarify whether it is amenities or wage 

differentials that drive migration decisions (Graves 1983; Porrel 1982; Greenwood and 

Hunt 1989; Greenwood 1991; Hunter and Clark 1992; Mueser and Graves 1995) 

  The interurban hedonics literature lends some support to the amenity 

capitalization hypothesis.  The interregional hedonic approach, proposed by Rosen 

(1974), argues that worker-residents attempt to maximize utility by choosing a job and a 

city within which to reside and work.  Each city provides a wage level and unique bundle 

of amenities.  Cities with desirable combinations of wages and amenities attract more 

residents, which in turn increases the supply of labor and drives down wages.  

Conversely, workers in areas with poor amenities must be compensated through higher 

wages.  Wage rates are thought to adjust to an equilibrium level in which worker-

residents are indifferent to their location, and the value of amenities becomes capitalized 

into wages.  Roback (1982) makes an important extension to the hedonic theoretical 

framework by incorporating capitalization in both land and labor markets.  Migration of 
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households and firms to areas with desirable characteristics results in greater demand for 

land, causing amenities to become capitalized into land prices as well as wages.   

Subsequent empirical studies find evidence that amenity values are at least 

partially capitalized into wages and rents.  Bloomquist et al. (1988) estimate hedonic 

models with the goal of calculating quality-of-life scores.  The theoretical framework is 

modified to introduce housing expenditures, instead of land rents, into the utility 

function, and the empirical analysis estimates both wage and housing expenditure models 

using micro data.  They find evidence for amenity capitalization into both wages and 

housing prices.  Gyourko and Tracy (1991) also estimate hedonic wage and house-price 

models.  They find that higher housing prices are associated with natural amenities such 

as a mild climate and proximity to the coast.  However, many amenity variables, 

including crime and air quality, are insignificant in the housing model.  Amenity 

capitalization appears to be more prevalent in the labor market.  See Mulligan et al. 

(2003) for a more comprehensive review of this literature.   

The equilibrium perspective has also been challenged on a number of fronts.  

Greenwood and Hunt (1989) argue that migration is driven largely by differences in 

economic opportunity attributable to interregional disequilibrium.  In an analysis of net 

migration for 57 BEA economic areas over the period 1959 to 1975 they find that 

amenities are rarely significant or of the expected sign, which suggests that they are 

relatively unimportant determinants of migration.  They contend that Graves’ (1980) 

results may reflect a failure to control for employment growth.  If job growth is occurring 

in high amenity areas, then significant amenity estimates may be spurious.  Evans (1991) 
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provides a broader critique of the evidence for an against the equilibrium perspective.  

The main argument here is that the long-term persistence of migration flows between 

certain regions is difficult to reconcile with the assumption of equilibrium. 

The issue of interregional equilibrium has an important bearing on the potential 

relationship between housing prices and migration.  From the equilibrium perspective, 

house-price differentials should only affect migration decisions to the extent that 

preferences for housing versus amenities are changing through time (Graves 1983). The 

disequilibrium perspective, although concerned foremost with wage differentials, leaves 

more latitude for house-price differentials to reflect real utility differentials, which may 

be arbitraged through moving.  While the equilibrium debate remains unresolved in the 

migration literature, migration researchers have largely ignored a key piece of evidence 

stemming from research on housing-price determination.  This literature suggests that 

housing prices, by nature, have a strong tendency to stray from their equilibrium value, 

and thus are an important driver of disequilibrium between regions.  

 

The geography and determinants of interregional housing prices.  House-price levels 

vary widely across the United States as the accompanying map of county-level housing 

prices illustrates (Figure 1.)  Housing prices are generally highest within the coastal 

regions of the west and northeast, and lowest in the interior plains.  A relationship with 

settlement size is also obvious, as prices are generally higher within metropolitan regions 

than in rural areas.  Prices vary widely between metropolitan areas as well.  For example, 
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the median price of homes sold in San Jose was $750,000 in 2006, which was more than 

eight times the median price of $95,000 in Buffalo, NY1.   

 

 

FIGURE 1.1.  County Median Housing Values, 2000 

 

Rates of house-price appreciation through time also vary greatly between regions.  

As Table 1 indicates, nominal housing values in the San Francisco Bay area increased 

more than fifteen-fold between 1970 and 2000, but grew only fourfold in Buffalo.  

Differential rates of appreciation have caused a widening geographic dispersion of house 

prices over the past several decades.  In 1980, median values in the 20 most expensive 

MSAs, located primarily in the Northeast and along the West Coast, averaged roughly 

                                                 
1 National Association of Realtors, 2006 



 
 
  

 

29 

three times that of the 20 least expensive.  By 2000, this gap had increased by 50 percent, 

and it has widened further during the recent house-price boom. 

 

Percent Change
MSA 2000 1970 1970 - 2000

San Jose, CA 438,790       26,411          1561
Orange County, CA 266,954       26,403          911
Boston, MA-NH 230,420       22,650          917
New York, NY 230,223       28,161          718
Seattle-Bellevue-Everett, WA 219,435       21,247          933
Denver, CO 176,315       18,852          835
Chicago, IL 165,011       24,054          586
Las Vegas, NV-AZ 134,302       22,105          508
Atlanta, GA 133,886       18,767          613
Phoenix-Mesa, AZ 127,310       17,193          640
Miami, FL 123,741       19,088          548
Cleveland-Lorain-Elyria, OH 118,065       21,669          445
New Orleans, LA 98,535         19,680          401
Houston, TX 90,219         14,639          516
Buffalo-Niagara Falls, NY 88,952         18,000          394
Source:  U.S. Census Bureau

Median Value ($)

TABLE 1.1  

Median Housing Value and Change 1970 to 2000

 

  

Research on the determinants of housing prices has traditionally been approached 

from an implicit supply and demand framework (Ozzane and Thibodeau 1983; Manning 

1989; Cadwallader 1993; DiPasquale and Wheaton 1994).  Demand for housing is 

represented by variables such as income, population growth, amenities, and ownership 

costs.  Supply-side factors include land prices, construction costs, and various measures 

of the regulatory environment.  The market-clearing price of housing within an urban 

area is achieved when quantity supplied is equated to quantity demanded.  Both supply 
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and demand factors have been found to be important determinants of housing prices, but 

the results have been somewhat inconsistent.   

Metropolitan price differentials can be explained in part by changes in local 

economic factors, but more recent research recognizes that housing markets tend to be 

highly cyclical and prone to boom-and-bust cycles that may drive housing prices far from 

their equilibrium, or fundamental value.  This is attributable to the fact that housing has 

not only a use value but is also an important capital asset.  Because of the long lead time 

required to obtain permits and build housing, housing markets tend to be prone to severe 

construction cycles (Dipasquale and Wheaton 1994).  Moreover, home buyers have been 

shown to respond speculatively to rapid price increases by bidding prices even higher, 

until the bubble eventually bursts (Case and Shiller 1989; Shiller 1990; Abraham and 

Hendershott 1993).  Conversely, housing prices may over-correct on the way down as 

expectations of further losses drive prices below their fundamental value.   

Abraham and Hendershott (1996) provide empirical evidence of this phenomenon 

in a study that decomposes housing price movements into two components - one 

reflecting changes in equilibrium value stemming from economic fundamentals like 

construction costs and income growth, and one reflecting deviations from fundamental 

value stemming from factors such as speculation.  Models incorporating both components 

explain considerably more of the variance in house-price changes.  The results suggest 

that house prices were overvalued by as much as 35 percent in the Northeast and 15 

percent to 20 percent on the West Coast during the early 1990s, while prices in Texas, 

which had experienced an oil-industry shock, were undervalued. 
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The house price literature suggests that housing markets themselves may be an 

important cause of regional disequilibrium. The recent housing boom illustrates this 

point.  Between 2003 and 2005, median housing prices expanded by nearly 70 percent in 

Las Vegas while those in Austin, Texas grew by less than 5 percent.  Thus, in a period of 

just two years, the price of housing in Las Vegas relative to that in Austin rose from 114 

percent to 186 percent.  This differential is difficult to explain based upon local economic 

conditions or changing preferences for amenities alone.  Indeed, speculation is known to 

be an important driver of Las Vegas’ rapid appreciation, but it was relatively absent in 

Austin.  This illustration suggests that geographic house-price differences may reflect 

opportunities for utility gains through migration. 

 

Migration and housing prices.  Despite the importance of house prices to households and 

their demonstrated tendency to stray from fundamental value, migration researchers have 

shown little interest in examining the relationship between housing prices and 

interregional migration patterns.  Only two studies have explicitly addressed the 

relationship between migration and housing prices (Gabriel et al. 1992; Potepan 1994).  

While other researchers, such as Graves (1983) have included rents in migration models, 

they reflect a “use” value only and are thus not subject to the same disequilibrium forces 

as are housing prices. 

Responding to the growing dispersion in regional house prices during the 1980s 

housing market boom, Gabriel et al. (1992) analyze migration flows between the nine 

broad Census Divisions using migration data tabulated by the Internal Revenue Service.  
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They employ several different specifications of housing costs, including nominal prices, 

user costs, and annual mortgage servicing costs.  In general, their results suggest that high 

destination prices deterred migration while origin prices had little discernable effect.  

Their analysis also suggests that cash flow considerations became more important during 

the latter part of the study period when housing prices were nearing their peak.  The 

reliability of their results, however, is diminished by the coarse scale of analysis, as both 

housing prices and economic conditions vary widely within broad regions.  In addition, 

they failed to adequately control for amenities.   

Potepan (1994) examines the joint relationship between housing prices and gross 

migration in a simultaneous equations framework.  Both in-migration and out-migration 

were found to influence house-price levels during the 1970s, but the reverse was not true, 

as the house-price estimates were negative and insignificant in both gross migration 

models.  Because net migration is not modeled, it is impossible to discern whether house 

prices had a significant effect upon net population movements.  Potepan’s relatively weak 

results are likely due, at least in part, to the small sample of just 38 large metropolitan 

areas.   

As Potepan (1994) illustrates, endogeneity between house prices and migration is 

an important consideration.  However, it is complicated by the fact that the impact of 

migration on house prices is dependent upon the elasticity of housing supply, which 

varies widely between MSAs.  Thus, it is a challenging issue to resolve.   

Glaeser et al. (2006) suggest that the elasticity of housing supply plays an 

important role in determining how metropolitan areas respond to productivity increases.  
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In metropolitan areas where it is easy to build new housing, productivity increases result 

in population growth but little increase in housing prices.  For example, Las Vegas 

experienced extremely high net migration between 1980 and 2000, and yet house prices 

appreciation barely exceeded inflation over this period.  In contrast, productivity 

increases lead to higher housing prices, but little or no population growth in metropolitan 

areas where supply is inelastic.  This provides another blow to the equilibrium theory of 

migration because, if housing supply is elastic, amenity values may not become 

capitalized into prices, even under conditions of rapid population growth. 

While Gabriel et al. (1992) and Potepan (1994) analyzed the relationship between 

house prices and migration, they both failed to consider another important issue: that the 

relationship between housing prices and migration may vary based upon household 

characteristics.  It is well known that migration propensities vary with stage in the life 

course (Plane and Rogerson 1991; Plane 1992).  Moreover, because preferences for 

housing, labor market opportunities, and amenities vary with household characteristics 

migration outcomes have been shown to vary with these characteristics as well (Graves 

1980; Hunter and Clark 1992). 

Thus personal characteristics may be a mitigating factor in the relationship 

between house prices and migration.  Young adults, for example, demand relatively little 

housing, move frequently, and hence prefer the flexibility of renting.  As Table 2 

indicates, only 15% of householders under the age of 25 own their own home.  Thus, 

their migration decisions may be driven to a greater extent by educational and labor 

market opportunities and amenities.  As individuals enter their late twenties and thirties 
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and begin to form families, housing demand rises and prices may become more 

important.  Conversely, the demand for labor market opportunities declines during 

retirement, and preferences for warm climates and low-cost housing may exert a greater 

influence on migration decisions.     

 

Home Ownership Rate by Age of Householder (2000)

Age Rate (%)

Less than 25 years 15.0

25 to 29 years 34.0

30 to 34 years 51.0

35 to 39 years 62.1

40 to 44 years 69.0

45 to 49 years 73.9

50 to 54 years 77.1

55 to 59 years 78.8

60 to 64 years 80.9

65 to 69 years 80.6

70 to 74 years 79.9

75 years and over 73.3
Total 64.5

Source: U.S. Census Bureau

TABLE 1.2

 

 

Moreover, because housing is an expensive capital asset, equity considerations 

may magnify these differences.  Housing purchases are typically financed with mortgages 

that require a substantial upfront investment in terms of a down payment and closing 

costs, which generally exceed 10 percent of the nominal price of the home.  Young and 

low-income households typically face the greatest equity constraints and hence may be 

priced out of homeownership in expensive metropolitan areas, even when prices are near 

their fundamental value.  These groups may respond by moving to the suburbs or leaving 
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for cities where housing is more affordable.  Conversely, older homeowners may see 

migration as an opportunity to cash out housing equity to be preserved to fund retirement.   

The migration literature sheds little light on how the relationship between 

migration and house prices varies with household characteristics.  Clark and Hunter 

(1992) included a house-price variable in an analysis of age-disaggregated net migration 

during the 1970s.  Housing prices, however, were incidental to the study’s main 

objective, which was to examine the role of fiscal factors in interregional migration.  

They did, however, find a significant relationship between net migration and housing 

prices, and further, that the effect varied with age.  High housing prices attracted young 

adults aged 20-24 and migrants older than 55, but repulsed middle-age migrants aged 30 

to 44.  However, as proponents of the equilibrium perspective, the authors argued that 

this result reflected misspecification due to unmeasured amenities rather than an intrinsic 

relationship between migration and house prices. 

Finally, in addition to house-price levels, rates of house-price appreciation may 

also influence interregional migration patterns.  Equity constraints caused by falling 

house prices and the tendency of homeowners to avoid nominal losses have been found to 

significantly lower the mobility rates of homeowners (Stein 1995; Henley 1998; 

Engelhardt 2003).  Moreover, Henley (1998) finds that mobility rates consistently decline 

as housing equity levels increase above zero.  This suggests that growing equity levels in 

metropolitan areas that have experienced rapid price appreciation may depress out-

migration rates among homeowners.   
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1.2.4 Clarifying the relationship between house prices and migration 

To summarize, there are strong theoretical and intuitive reasons to expect house prices to 

play an important role in migration decisions.  However, given the lack of empirical 

verification, the relationship between migration and house prices is still not clearly 

understood.  The primary aim of the third dissertation paper is to enhance understanding 

of the linkage between house prices and interregional migration patterns.  Specifically, 

the objectives are to: (1) demonstrate how house prices influence aggregate migration 

patterns, and (2) clarify how the effect of housing prices varies with stage in the life 

course and educational attainment.  The results of the research have important 

implications as to how the recent speculative housing market bubble may influence 

subsequent regional growth patterns. 

The research addresses several important deficiencies in the literature.  First, 

amenities are specified as fully as possible in order to control for potential capitalization 

into housing prices.  Second, the analysis includes both large and small metropolitan 

areas, which may provide fresh insights because house-price driven moves are more 

likely to lead to smaller MSAs where prices are generally lower.  Third, the research 

considers both net migration rates and place-to-place migration flows.  Finally, migration 

flows and rates are disaggregated by both age and educational attainment.   

1.3 Format of the Dissertation 
 
This dissertation includes three papers prepared for publication.  The methodology and a 

brief review of the results of each paper are presented in Chapter 2.  The papers 
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themselves are presented as appendices, which follow the main body of the dissertation.  

The dissertation author is the sole or first author on each of the three papers submitted for 

the dissertation.   



 
 
  

 

38 

CHAPTER 2 

THE PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the papers appended 

to this dissertation.  This chapter summarizes the methodology and most important 

findings in the papers.  Possible directions for future research are also discussed.  

 

2.1  Spatial heterogeneity in hedonic house-price models 

 

Responding to the need to achieve a better understanding of how spatial structure 

influences hedonic results, the first dissertation paper explores spatial heterogeneity in 

marginal prices within the Tucson, Arizona housing market.  The research uses data on 

11,000 home sales obtained from the Pima County Assessor.  Data pertaining to the 

structural characteristics of each home is derived from the same source.  A GIS is used to 

generate {x,y} coordinates and lot-size data for each property.  Because the modeling 

methods are computationally intensive, a principal components analysis is used to reduce 

the set of explanatory variables to a tractable number. 

The empirical analysis estimates four hedonic house-price models, each 

corresponding to a different conception of the spatial structure of the Tucson housing 

market.  All models share the same seven explanatory variables and are estimated via 

OLS with a semi-log functional form.  The first is a traditional “global” hedonic 

specification in which the parameter estimates are assumed to be constant throughout the 

entire housing market.  The second utilizes the spatial expansion approach, which 
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interacts the housing attributes with a third degree polynomial expansion of the 

properties’ {x, y} coordinates.  The third model adds a spatial lag term to the spatial 

expansion specification in order to assess the importance of spatial dependence.  The 

final model is estimated via geographically weighted regression (GWR), which estimates 

a unique set of regression coefficients at each observation location.  The predictive 

accuracy of the models is then evaluated based on a randomly selected set of observations 

withheld from the initial models.   

The regression results indicate that models incorporating spatially varying 

parameter estimates outperform the global specification by a wide margin in terms of 

explanatory power.  The GWR model exhibits the highest explanatory power of the four 

approaches.  Both the spatial expansion and GWR models indicate that the parameter 

estimates for all seven independent variables exhibit significant variation over space.  In 

term of predictive accuracy, the three spatial models surpass the global model, and GWR 

performs the best on this metric.  

Several conclusions can be drawn from this research.  First, the results provide 

strong evidence that the marginal prices of key housing attributes are not constant 

throughout the Tucson housing market, but rather vary with geographic context.  Second, 

the GWR approach outperforms the spatial expansion specification in terms of 

explanatory power and predictive accuracy.  Maps of the GWR parameter estimates 

suggest that the spatial patterns inherent in some housing attributes are too complex to be 

captured with an expansion model.  The results highlight the complex spatial structure of 

housing markets and efficacy of explicitly addressing spatial heterogeneity in hedonic 
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house-price models.  Spatial models can improve explanatory power and provide a 

clearer picture of housing market dynamics.  Either method may be a viable alternative to 

the more arduous process of housing market segmentation in situations where price 

prediction is the primary concern. 

  Several avenues for future research are apparent.  First, the precise nature of 

spatial heterogeneity within housing markets, specifically whether marginal prices vary 

continuously over space or between discreet areas, needs to be clarified.  In addition, the 

research should be extended by incorporating both spatial dependence and spatial 

heterogeneity in a formal spatial econometric setting.  Finally, researchers should explore 

the potential of utilizing spatially varying price estimates to uncover the underlying 

demand curves necessary to construct willingness to pay measures. 

 

2.2  Spatial structure and hedonic amenity valuations 

 

The second dissertation paper responds to the need to achieve a clearer understanding of 

how more realistic conceptions of housing market spatial structure influence hedonic 

environmental amenity estimates.  To that end, the research evaluates how two important 

spatial effects --- spatial heterogeneity and spatial dependence -- influence the resulting 

marginal implicit price estimates of proximity the Rillito River, within Tucson Arizona.   

The analysis begins by defining a study area encompassing both sides of the 

Rillito River.  Study area boundaries are selected on the basis of housing, demographic 

and public service characteristics.  The areas on opposite sides of the river are regarded to 

be distinct housing submarkets by local real estate market participants.  The analysis 
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relies upon data on approximately 1,000 home sales, which represent a subset of the data 

set used for the first dissertation paper.  Locational attributes for each property are 

derived through a GIS.   

The empirical analysis begins by estimating a pooled OLS regression model 

including observations on both sides of the river.  The semi-log functional form is 

employed throughout the analysis.  A chow test reveals that there are significant 

structural differences in the coefficient estimates between the two neighborhoods.  The 

analysis proceeds by estimating separate OLS regression models for each neighborhood.  

Next, Lagrange multiplier tests are performed to test for spatial dependence, which is 

found to be present in both areas.  In order to control for spatial dependence, a final set of 

spatial error models is estimated for each housing submarket via maximum likelihood 

techniques.   

The regression results indicate that both spatial effects have an important 

influence on the marginal implicit price estimates of proximity to the Rillito River.  Of 

the two effects, spatial heterogeneity plays a much greater role in the outcome.  Although 

the spatial error models are statistically superior model to the OLS models, the marginal 

price estimates for proximity to the river are little changed.  In contrast, spatial 

heterogeneity has a critically important influence on the results.  The environmental 

amenity estimates differ significantly between the two neighborhoods, indicating that the 

amenity value does indeed vary with geographic context.  While the Rillito River appears 

to be a valuable amenity to buyers in the southern submarket, it has virtually no effect on 
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property values within the higher socioeconomic status northern neighborhood.  This 

result is completely obscured by the pooled model.  

This research supports the premise that less sophisticated conceptualizations of 

housing market spatial structure may have a detrimental influence on location-specific 

externality price estimates.  A number of issues involving the role of location and space 

within hedonic externality applications remain to be resolved in future research.  First, 

greater attention should be paid to the measurement of externality variables, of which 

many alternatives exist.  Simple measures or transformations of distance may not 

adequately capture spatial variation in the benefits associated with an environmental 

amenity.  Additionally, more rigorous procedures for selecting the spatial weighting 

matrix, which is used to model spatial dependence, should be developed.  Finally, 

additional research is needed to determine how to best resolve the ever present issue of 

omitted locational influences. 

2.3  Housing prices and interregional migration 
 
 
The final dissertation paper investigates the relationship between house prices and 

metropolitan migration outcomes over the period 1995 to 2000.  Data from Census 2000 

are used to calculate net migration rates for approximately 230 metropolitan statistical 

areas, and flows between the fifty largest MSAs.  These data are disaggregated by both 

age and educational attainment.  Census 2000 is also the source for median house values, 

which are adjusted by the OFHEO house-price series to reflect mid-period values.  

Explanatory variables representing measures of economic opportunity and place-specific 
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amenities are constructed from a variety of sources.  Dummy variables representing eight 

Census Divisions are also employed in order to control for other characteristics that are 

common to each region.   

The empirical analysis begins by estimating net migration rate models.  The 

models are estimated via OLS and employ a linear functional form.  Next, migration 

flows between the fifty largest MSAs are modeled via OLS using a modified gravity 

model specification, with a double log functional form.  Both sets of models are 

disaggregated by age and educational attainment and share the same set of explanatory 

variables, although the independent variables are expressed as the ratio of the origin to 

destination values in the flows models. 

Our results suggest that housing prices did not play an important role in 

explaining aggregate metropolitan net migration rates or migration flows between large 

MSAs during the period 1995 to 2000.  But more importantly, they provide strong 

evidence that the relationship between house prices and migration varies throughout the 

life course and with educational attainment.  

High housing prices depress net migration rates for young adults aged 25 to 34, 

which is consistent with expectations.  The influence of house prices wanes somewhat as 

individuals reach middle age, as rising incomes and wealth may alleviate the necessity of 

moving to lower cost MSAs.  The influence of house prices strengthens as individuals 

enter retirement.  Moves away from expensive metropolitan areas may afford 

opportunities to retirees to cash out housing equity or to reduce property tax bills. 
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More surprising, housing prices exert a somewhat greater influence on the 

migration patterns of college graduates than persons with lower levels of educational 

attainment.  Perhaps college graduates have greater awareness of geographically diverse 

opportunities and are less constrained by moving costs, which may be paid by employers.  

Conversely, the migration decisions of persons with low levels of educational attainment 

may be motivated more by idiosyncratic factors such as the location of family members.  

Their moves may also be more likely to lead to non-metropolitan areas. 

The results of this research have important implications for regional growth and 

development.  The growing dispersion of metropolitan housing prices appears to be 

contributing to regional demographic change, which also has repercussions for regional 

economic competitiveness.   

A number of directions for additional research are apparent.  First, the relationship 

between house prices and migration should be examined throughout the entire housing-

market cycle.    The influence of housing prices on migration patterns is likely to be 

magnified near cyclical housing-market peaks, as prices in the supply constrained coastal 

metropolitan areas and rapidly growing Sunbelt States diverge from their fundamental 

value due to inelastic supply and speculation.  Second, the impact of house-price 

appreciation on migration patterns should also be explored, as rapid appreciation may 

attract residents during the early phases of the housing market cycle, while negative 

equity may depress movements during housing market corrections.  Finally, the joint 

determination of housing prices and migration should be explored further.   
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ABSTRACT 

 

Hedonic house price models typically impose a constant price structure on housing 
characteristics throughout an entire market area.  However, there is increasing evidence 
that the marginal prices of many important attributes vary over space, especially within 
large markets. In this paper, we compare two approaches to examine spatial heterogeneity 
in housing attribute prices within the Tucson, Arizona housing market: the spatial 
expansion method and geographically weighted regression (GWR).  Our results provide 
strong evidence that the marginal price of key housing characteristics varies over space.  
GWR outperforms the spatial expansion method in terms of explanatory power and 
predictive accuracy. 

 

 

1 Introduction 

 
The importance of location in determining housing prices is widely recognized.  

Controlling for location and the spatial structure of markets is thus essential to explaining 

house price differentials and deriving accurate coefficient estimates in hedonic house 

price models.  However, spatial issues have not always been given adequate attention in 

hedonic applications (Bowen et al. 2001, Páez et al. 2001).  Key econometric issues 

include spatial dependence and spatial heterogeneity (Anselin 1988; 1990).  While 

                                                 
1 Bitter, C, Mulligan, G, Dall’erba, S, 2007, “Incorporating spatial variation in housing attribute prices: a 

comparison of geographically weighted regression and the expansion method” Geographical Systems 9(1) 
7 – 27.  With kind permission of Springer Science+Business Media.   
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housing markets are likely to be characterized by both, we focus specifically on the issue 

of spatial heterogeneity as it has received less attention in the literature. 

Within the housing market context, the issue of spatial heterogeneity centers on 

whether the marginal price of housing attributes is constant throughout a metropolitan 

area or vary over space.  Most empirical models have conceptualized a metropolitan area 

as a single unified market, and while neighborhood effects may be incorporated into 

regression models through varying intercepts, the coefficients of structural attributes are 

held constant throughout the market (Orford 1999).  If spatial heterogeneity exists, 

stationary coefficient models will produce parameters that are in essence an “average” 

value of the parameter over all locations.  A failure to incorporate spatial heterogeneity 

will result in biased coefficients and a loss of explanatory power and may obscure 

important dynamics relating to the operation of housing markets. 

This paper seeks to add to our understanding of the role that spatial heterogeneity 

plays in housing markets by comparing two methods that allow spatially varying 

parameters in an analysis of the Tucson, Arizona housing market.  The spatial expansion 

method, pioneered by Casetti (1972), allows parameters to vary over space in a 

traditional OLS regression framework by interacting house characteristics with locational 

information.  Geographically weighted regression in essence specifies a separate 

regression model at every observation point, thus enabling unique coefficients to be 

estimated at each location (Brunsdon et al. 1996).  

The remainder of the paper is organized as follows.  We begin with a review of 

the pertinent literature followed by an overview of the Tucson housing market.  Next, the 



 
 
  

 

52 

data and methodology employed in the study are detailed.  We then compare the results 

of the models and discuss the spatial patterns observed in the data.  In the final section we 

draw conclusions and suggest avenues for future research. 

 

2  Spatial variation in housing attribute prices 

There is good reason to expect that the price of housing attributes will exhibit spatial 

heterogeneity within large housing markets due to localized supply and demand 

imbalances (Dubin et al. 1987; Goodman 1981; 1998; Michaels and Smith 1990; Schnare 

and Struyk 1975).  The supply of specific housing characteristics often exhibits strong 

spatial patterns within a metropolitan area.  For example, near the center of a 

metropolitan area homes tend to be older and frequently lack features such as large 

garages, when compared to those located at the suburban fringe.  Housing is a unique 

good due to its fixed location and durability, and the characteristics of the housing stock 

may be difficult to change in response to changing demand.  Thus the supply of certain 

types of housing and neighborhood characteristics may be highly inelastic, particularly 

over short periods of time (Schnare and Struyk 1975).   

Demand by households for specific structural and locational attributes is known to 

vary based on socioeconomic status, household status, race and ethnicity (Quigley 1985), 

as well as the location of household activities such as the workplace.  Demand for some 

attributes, such as a high quality school district or for a house with a minimum number of 

bedrooms, may also be highly inelastic (Schnare and Struyk 1975).  Thus all housing 

within a large metropolitan area will not be substitutable.  In addition, access to 
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information and the actions of market participants such as realtors, lenders, and 

appraisers may constrain households from participating in all segments of a large market 

(Michaels and Smith 1990).   

Changes in household preferences for housing characteristics and locational 

attributes, as well as the characteristics of neighborhoods themselves, may result in 

spatial mismatches between supply and demand as the housing stock available within a 

particular geographic area may not match current demand.  Greater competition for those 

housing attributes that are in high demand, yet locally scarce, should result in higher 

marginal prices.  Thus one would expect supply and demand imbalances to result in 

spatial heterogeneity within large housing markets.  

One approach to dealing with spatial heterogeneity is to delineate the housing 

market into distinct geographic areas or submarkets and to estimate separate hedonic 

prices schedules for each (Schnare and Struyk, 1975, Goodman 1981; 1998, Michaels 

and Smith 1990, Bourassa et al. 2003).  However, housing submarkets are often 

problematic to define in practice and this approach makes it difficult to generalize about 

the dynamics of the broader housing market or urban area.  The focus on housing 

submarkets also posits that spatial heterogeneity is a discrete phenomenon and does not 

allow attribute prices to vary in a continuous manner over space. 

A number of housing market studies have used variants of the expansion method 

pioneered by Casetti (1972).  This method recognizes that functional relationships may 

not be constant but vary over space, and explicitly allows parameter estimates to “drift” 
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based on their spatial context (Jones and Casetti 1992).  This method is operationalized 

by “expanding” the parameters of stationary coefficient models. 

Can (1990) utilized the expansion method to allow the parameter estimates of 

housing attributes to vary with neighborhood quality.  The neighborhood interaction 

terms were significant for some variables, but a traditional specification with a spatial lag 

term performed almost as well the expansion model.  Limitations of this study include the 

use of census tracts as a proxy for neighborhoods or submarkets, as well as its focus on 

demand as the sole driver of spatial heterogeneity, as similar attribute prices are estimated 

for neighborhoods with similar “quality” scores regardless of the supply of specific 

housing characteristics in each.  Theriault et al. (2003) improves upon this approach with 

an expansion model that allows housing attributes to vary based on both accessibility and 

neighborhood attributes. 

In a study of Tucson, Arizona, Fik, Ling, and Mulligan (2003) specified a “fully 

interactive” expansion model employing a second order polynomial expansion of housing 

attributes, the properties’{x, y} coordinates, and dummy variables representing 

submarkets.  The interactions between the absolute location variables and structural 

attributes thus allowed the coefficients to vary over space.  This model outperformed 

stationary model specifications and its explanatory power was far superior. A number of 

the spatial interactive terms were significant, indicating the presence of spatial 

heterogeneity in the prices of these attributes.  A limitation of this study is that it relied on 

only three housing attribute variables, thus making it difficult to assess whether observed 



 
 
  

 

55 

price variation was the result of intrinsic parameter variation or due to the effects of 

omitted variables.  

Incorporating absolute location into hedonic models in the form of a polynomial 

expansion of parcel coordinates2 is appealing because it is difficult if not impossible to 

identify and accurately specify all locational influences that affect housing prices (Orford 

1999).  While a parcel’s coordinates are not a direct determinant of housing prices, they 

may serve a useful role in controlling for the influence of location on prices.  A number 

of other authors have experimented with this approach in recent years (Clapp 2001, 

Pavlov 2000). 

  Geographically Weighted Regression (GWR) is a local modeling approach that 

explicitly allows parameter estimates to vary over space (Brunsdon et al. 1996).  Rather 

than specifying a single model to characterize the entire housing market, GWR estimates 

a separate model for each sale point and weights observations by their distance to this 

point, thus allowing unique marginal-price estimates at each location.  This method is 

appealing because it mimics to some extent the “sales comparison” approach to valuation 

used by appraisers in that only sales within close proximity to the subject property are 

considered, and price adjustments are made based on differences in characteristics within 

this subset of properties.  

GWR has not been widely utilized in the housing market context.  The only 

application the authors are aware of is a recent study of the Toronto, Canada housing 

market by Farber and Yeats (2006).  In this study, GWR outperformed several alternative 

                                                 
2 This is often referred to as a Trend Surface Analysis (TSA).  Agterberg (1984) provides a good overview 
of the development and applications of this technique. 
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approaches and was able to explain more than 90% of the variation in housing prices and 

provided evidence for spatial heterogeneity in several housing attributes.  Páez (2005) 

compares GWR and the expansion method in a simulation study, finding that both 

approaches are able to provide a reasonable representation of the spatial patterns inherent 

in the simulated data.  However, no studies have provided a direct comparison between 

the two methods in the analysis of house prices.  

3  Tucson housing market 

Tucson is a mid-sized metropolitan area situated within the Sonoran Desert in Southern 

Arizona and is ringed by mountain ranges.  Like many western cities, much of the land 

surrounding the urbanized area is publicly owned.  The City of Tucson has been one of 

the nation’s fastest growing cities over the past several decades, with its population 

expanding from 330,000 in 1980 to 487,000 in 2000, while the greater metropolitan area 

(Pima County) saw its population swell from 530,000 to 850,000 during the same period.  

The population is diverse, with Hispanics accounting for nearly 30% of the total 

population (Mulligan et al. 2000).  

Like most southwestern cities, Tucson’s development pattern is relatively 

dispersed and the urbanized area encompasses some 500 square miles.  The metro’s 

transportation system is designed largely for private automobiles. While some central 

neighborhoods are densely populated, most residents live in suburban style settings.  

Tucson’s employment too, is dispersed with its weak CBD functioning primarily as a 
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government services center.  Large area employers include The University of Arizona, 

Davis-Monthan Air Force Base, and Raytheon.  

Tucson’s housing market is generally differentiated from north to south, with the 

highest priced housing found in the foothills of the Santa Catalina Mountains located to 

the northeast of Central Tucson (see Figure 1).  The northern half of the city typically 

contains newer, larger, more expensive housing units than those found in the southern 

and central areas, although new development is occurring at the urban fringe in all 

directions.  The eastern and western portions of the market generally exhibit “average” 

house characteristics.    

Following a prolonged slump during the early 1990s, the Tucson housing market 

was generally stable during the mid 1990s.  By the end of the decade prices began to 

appreciate again in real terms.  During recent years house price appreciation has 

accelerated rapidly with price increases of 13.4% and 30.6% in 2004 and 2005 

respectively (National Association of Realtors, 2006). 

4   Data and methods 

4.1 Data 

Home sales data for the year 2000 were obtained through the Pima County Assessor’s 

Office.  For tax valuation purposes, the Assessor compiles an annual real estate sales 

database based on sales information recorded with the Pima County Recorders Office.  

All real estate sales within the county are required to be recorded for tax collection 
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purposes; hence these data should contain all residential sales that occurred within the 

county during 2000. The master sales database contained 15,986 records.   

The analytical database was constructed as follows:  We first selected sales 

records representing detached single-family homes.  These sales were then matched to a 

separate assessment “structural file” containing information on the characteristics of each 

dwelling.  Next, these data were matched to a property “parcel” GIS coverage maintained 

by Pima County and each property was attributed with the coordinates of its parcel 

centroid.  This resulted in a total of 14,154 matched records.  A large number of records 

were missing lot sizes in the structural file, as the assessor no longer routinely tracks this 

information.  In these cases we attributed the records with the area of the property’s 

parcel polygon from the GIS coverage3. 

We then selected a subset of records corresponding to the contiguous Tucson 

urbanized area, as much of the county is rural.  Our data includes all or portions of the 

municipalities of Tucson, South Tucson, Marana, and Oro Valley, as well as portions of 

unincorporated Pima County. Records that did not represent “arms length” transactions, 

were missing data elements, or were outliers in terms of price or structural attributes were 

also eliminated.  Our final data set consists of 11,732 records, which represents the vast 

majority of valid single-family home sales recorded during the year 2000.   

 

 

 

                                                 
3 The lot size calculations were validated by comparing the value calculated based on parcel polygon area 
to the value in the assessor file when present.  In almost all cases the values were reasonably close. 
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4.2  Models 

Four models are estimated in the empirical analysis using 90% of the sales, or 10,569 

observations.  A random sample of 1,163 sales was generated and held out in order to test 

the predictive accuracy of the various approaches.  All models use the natural log of sale 

price as the dependent variable.  While there is no consensus in the literature regarding 

the appropriate functional form of hedonic house price models (Freeman 2003), 

experimentation with the Tucson housing data revealed that the semi-log form performed 

well in comparison to other common functional forms.  Thus the coefficients can be 

interpreted as the percentage change in sale price attributable to a unit change in an 

independent variable. 

Preliminary regressions established 13 property characteristics to be significant 

determinants of housing prices in Tucson.  All variables, with the exception of LOTSIZE, 

as noted above, were taken directly from the assessor’s structural file.  Variable 

descriptions are provided in Table 1.   

We chose to reduce the number of variables entering our models through a 

principal components analysis because GWR is computationally intensive and the 

expansion method becomes intractable with a large number of explanatory variables.  

This is preferred to simply discarding variables as we wish to mitigate the potential for 

bias resulting from omitted variables.  Five variables enter the models individually: 

SQFT, LOTSIZE, STORY, PRE1940, and CLASS.  The remaining eight were reduced to 

two factors.  Thus a total of seven variables are used to represent property characteristics 

(Table 2).  Factor one represents newer dwellings with modern features like enclosed 
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garages and refrigerated air conditioning.  Factor two represents homes with outdoor 

amenities such as pools or patios and a high average room size.  Full details of the factor 

analysis are provided in Appendix 1.  Correlations between the seven independent 

variables are relatively low, as only corr (CLASS, SQFT) and corr (FACTOR2, SQFT) 

exceed 0.5.  

Our first model is a “global” specification that estimates a single set of parameters 

for the entire study area.  Model 1 includes the seven housing attribute variables detailed 

in Table 2, as well as nine variables representing absolute location in the form of a third 

degree polynomial expansion of the parcel coordinates.  The raw coordinates were first 

transformed to deviations from the mean x and y values of all sales within the study area.   

Model 2 is the spatial expansion.  The seven housing attribute variables are 

interacted with the nine absolute location variables, thus allowing the marginal price of 

the housing attributes to vary over space.  This results in 63 new independent variables4, 

in addition to the 16 included in Model 1.   

While spatial dependence is not the focus of this paper, we include a spatially 

lagged dependent variable in Model 3 in order to mitigate potential bias resulting from 

the omission of this variable.  The lag term is calculated as the distance weighted average 

price of each observation’s 15 nearest neighbors.  Although maximum likelihood 

estimators have more desirable properties in the presence of spatial dependence, OLS has 

been employed under certain circumstances involving large data sets (Can and 

                                                 
4 Many of the interaction terms exhibit high degrees of multicollinearity which increases the variances of 

the estimated coefficients.  A stepwise regression could be used to ameliorate this effect, however, because 
of the large size of our sample we felt that this was unnecessary. 
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Megbolugbe 1997; Farber and Yeats, 2006).  We follow this approach here.  Thus the 

only difference between Model 2 and Model 3 is the inclusion of the spatial lag term. 

Model 4 is the geographically weighted regression model, which was estimated 

using the GWR 3.0 software package.  This model includes the same seven housing 

attributes as independent variables that were used in the prior models. 

As outlined in Fotheringham et al. (2000), the standard hedonic model 

formulation specifies sale price as a function of a set of housing characteristics as 

follows: 

i

k

k iki xy εαα ++= ∑0         (1) 

where Xik represents the ith observation of the kth independent variable.  The GWR 

specification is similar, except that unique coefficients are estimated at each observation 

point: 

iikii

k

k xvuyi εαα ++= ∑ ),(0       (2) 

Where αk ),( ii vu  represents the regression coefficient for variable k at regression point i.  

In matrix notation, the parameters of a GWR model are estimated as follows: 

yvuWXXvuWXvu ii

T

ii

T

ii ),()),((),( 1−=α      (3) 

Where W ),( ii vu  is a spatial weighting matrix.  We utilize a Gaussian function where d 

represents the Euclidian distance between the regression point and observation point, and 

h represents the bandwidth as follows: 
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2)/exp(),( hdvuW iii −=        (4) 

The results of GWR are sensitive to the choice of bandwidth, as weighting 

procedures that specify a wide bandwidth and allow for only minimal distance decay will 

produce results that are similar to a global model.  Conversely, if the bandwidth is narrow 

only points in close proximity will be considered, which will lead to high variances in the 

estimators (Fotheringham et al. 2000).   

We chose to use an adaptive spatial kernel that allows the bandwidth to vary 

based on the density of home sales around each regression point, thus encapsulating a 

smaller area where data is rich and a larger area where data is sparse.  This ensures that 

an equal number of observations will receive a non-zero weighting at all regression 

points.  The cross-validation method, which optimizes the choice through an iterative 

process based on a least squares criterion, was used to select the bandwidth.  The 

resulting bandwidth is 544 observations. 

5  Results 

5.1 Model summaries 

The results for Model 1, in which the marginal-price estimates are held constant 

throughout the study area, are depicted in Table 3.  The global model, utilizing {x , y} 

coordinates to control for location, does a reasonable job of explaining variation in 

Tucson house prices as indicated by an adjusted R-squared of 0.88 and standard error of 

0.164.  All variables are significant at the 0.01 level, have the expected signs, and are of 

plausible magnitudes.   
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The results for Model 2, the spatial expansion, are shown in Table 4.  We report 

only coefficients that are significant at the 0.05 level, excluding interaction terms 

involving the two factors. The addition of location-attribute interaction terms results in a 

modest improvement in explanatory power as the adjusted R-squared increases to 0.89 

while the standard error drops to 0.156.  The coefficients for all seven “base” housing 

attribute variables maintain the same signs as in Model 1 and only PRE1940 is no longer 

significant.  A total of 33 location-attribute interaction terms are significant at the 0.05 

level, indicating that the marginal prices of these attributes vary with locational context. 

The addition of the spatial lag term in Model 3 results in an improvement in 

explanatory power as the adjusted R-squared increases from 0.894 to 0.91, while the 

standard error declines from 0.156 to 0.144 (Table 5).  The spatial lag term is positive 

and significant, suggesting that housing prices are strongly influenced by the prices of 

nearby homes, or alternatively, features or externalities that homes in close proximity 

share have not been accounted for in our model.  The estimates and significance levels of 

the housing attributes and location variables generally decline in comparison to Model 2.  

For example, several of the location variables become insignificant and the marginal-

price estimate for LOTSIZE declines markedly.   

While the spatial lag term is clearly capturing important externality effects, the 

results still provide strong evidence for spatial heterogeneity, as 29 location-attribute 

interaction terms are significant at the 0.05 level or better.  Location-attribute interaction 

terms are significant for all seven housing characteristics.  For example, five CLASS 
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interaction terms are significant, indicating a complex spatial pattern for this variable.  

Conversely, only two SQFT interaction terms are significant. 

Table 6 contains the results of the GWR model.  The adjusted R-squared5 

improves to over 0.92 and the standard error declines to 0.136.  This improvement 

reflects the importance of localized spatial influences within the Tucson housing market.  

The GWR parameter estimates, which vary at each of the 10,569 observation points, are 

described by their median, minimum, and maximum value as well as interquartile range.  

In most cases, the parameter estimates from the global model are encapsulated within, or 

are very close to, the interquartile range of the GWR model.  We note that pre 1940 

vintage housing is not present throughout much of the Tucson area, thus there is no 

variability at the majority of observation points which results in an interquartile range of 

zero.   

The parameter estimates for the seven independent variables vary widely over 

space.  The P-value from a Monte Carlo significance test indicates that the spatial 

variation in all seven is significant at the .01 level or higher.  This provides strong 

evidence that the marginal prices of these housing characteristics are not constant, but 

vary over space within the greater Tucson area.   

The interquartile ranges of the GWR estimates are of plausible magnitudes, 

however, the minimum and maximum values are extreme or counter-intuitive in some 

cases.  For example, the estimates for STORY range from -0.56 to 0.33, which implies 

                                                 
5 This is a ‘pseudo’ R-squared, calculated as the squared correlation coefficient between the observed and 
predicted values for all 10,569 regressions.  
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that, all else equal, a multi-story house6 sells for 56% less than a single-story home at one 

regression point and 33% more at another.  The PRE1940 estimates range from -0.549 to 

0.566.  Negative values for the CLASS and LOTSIZE coefficients, too, are 

counterintuitive, as they indicate that homes of low structural quality sell for more than 

those with higher structural quality at some locations and that an additional square foot of 

lot reduces price in some areas.  The negative estimates, however, are statistically 

significant within only a very small portion of the study area.   

 

5.2 Spatial patterns 

One advantage of GWR is that the spatial patterns inherent in the parameter estimates can 

be easily mapped and visualized.  The dwelling size (SQFT) estimates are shown in 

Figure 2.  As expected, the estimates are positive and significant throughout the Tucson 

area and exhibit relatively smooth spatial trends.  The highest marginal-price estimates 

are found within Central Tucson, where homes tend to be among the market’s smallest.  

The estimates also tend to be high in the exclusive Catalina Foothills area where demand 

for large homes is great.  The marginal price of an additional square foot of living space 

is generally low near the eastern and southern peripheries where homes are typically 

larger.  In the northwest, the SQFT estimates exhibit a more localized pattern. 

The spatial pattern of the LOTSIZE estimates is distinctly different from that of 

SQFT (Figure 3).  The marginal-price estimates are generally positive, though not 

significant at the .05 level, throughout much of the central and southern portions of the 

                                                 
6 Almost all multi-story houses within Tucson are comprised of two stories. 
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Tucson area.  The estimates tend to be highest in the northwest and southeast areas.  

Surprisingly, a large pocket of negative estimates is evident within a portion of the 

Catalina Foothills area, which indicates a possible misspecification problem.  One might 

expect lower marginal prices in this area because lots are generally among the market’s 

largest, but it is difficult to explain why the marginal price of an additional square foot of 

lot would be negative.  This is most likely attributable to characteristics that larger lot 

homes in this area have in common but are not included in the model. 

The estimates for several variables reflect complex, localized spatial patterns.  For 

instance, while the coefficient for the STORY variable is negative and significant in the 

global model, the GWR parameter estimates indicate that ceteris paribus, multi-story 

homes sell for more than single story homes within a large area east of Central Tucson 

(Figure 5).  High negative estimates for STORY are found just to the south of this area.  

Thus the GWR results suggest that the value of a multistory home is dependent upon 

locational context. 

 

5.3  Predictive accuracy 

In order to assess the predictive accuracy of the GWR and the spatial expansion 

approaches, predicted prices were estimated for the 10% of sales withheld from the initial 

models.  In GWR, this is accomplished by estimating new models at the 1163 holdback 

sample locations using only the data from the original 10,569 observations.  The 

holdback sample analysis indicates that allowing housing attribute prices to vary with 

absolute location strengthens house price prediction accuracy. 
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The results of this analysis, presented in Table 7, show a progressive 

improvement in prediction accuracy from Model 1 through Model 4.  In the global 

model, about 57% of predictions are within 10%, and 83% within 20%, of actual sale 

price.  The GWR model performs better on this metric, as nearly 65% of predicted prices 

fall within 10%, and 88% within 20%, of their actual value.  As a measure of cross-

validation, we report the R-squared of the regression of actual sale price and predicted 

sale price for each model.  Models three and four perform comparably on this metric. 

 

6  Discussion 

Our results show that both the spatial expansion and GWR methods of incorporating 

spatial heterogeneity result in an improvement in explanatory power and predictive 

accuracy over the stationary coefficient model.  The results also provide strong evidence 

for the presence of spatial heterogeneity within the Tucson market, indicating that the 

marginal prices of key housing attributes are not constant but vary with locational 

context.   

GWR outperforms the spatial expansion method in terms of explanatory power 

and predictive accuracy.  This difference is narrowed to some degree with the addition of 

the spatial lag term in the expansion specification.  While the spatial expansion model is 

capable of picking up broad trends in the spatial structure of the housing parameters, 

GWR appears to be better able to represent the complex spatial patterns inherent in the 

Tucson data.  This suggests that spatial heterogeneity may be due to discrete, localized 

influences, as well as those operating in a broad, continuous manner over space.  Our 
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results suggest that when explanatory power and predictive accuracy are the primary 

objectives, GWR is the superior approach.  

A comparison of the absolute value of the GWR and spatial expansion residuals 

(Model 3) is depicted in Figure 5.  Dark points represent locations where the GWR 

prediction was closer to the actual sale price, while light points indicate locations where 

the spatial expansion model was more accurate.  Locations with similar absolute 

prediction errors (within .05) are suppressed.  In general, GWR is more accurate within 

Central Tucson, where housing tends to be dense and heterogeneous, as well as near the 

periphery of the study area.  The spatial expansion predictions tend to be more accurate 

within the area immediately surrounding the central core. 

Although GWR outperforms the spatial expansion in terms of explanatory power 

and predictive accuracy, the expansion approach has greater flexibility may be more 

suitable in other situations.  For instance, when the primary objective is to explain the 

underlying determinants of residential housing prices, the expansion method may be 

superior due to its ability to accommodate a larger number of variables and interactions.  

The expansion framework is also more conducive to hypothesis testing than is GWR. 

Do the complex spatial trends depicted by GWR reflect true spatial variation in 

the price of the seven housing attribute variables?  As argued earlier, there is good reason 

to expect variation in marginal prices within a large, dispersed market such as Tucson 

due to localized supply and demand dynamics, and the spatial pattern of the SQFT 

estimates appear to be plausible given our knowledge of the market.  It is also plausible 

that the value associated with a multi-story house may vary with locational context.  For 
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example, in a neighborhood with desirable views and widely spaced homes, a multi-story 

home may be perceived as amenity.  Conversely, a multi-story home may be perceived as 

a disamenity in an area with densely packed homes surrounded by less desirable land 

uses.  If this is indeed the case, the stationary coefficient model has obscured this 

important relationship. 

The negative estimates for LOTSIZE and CLASS are difficult to rationalize and 

are almost certainly due to some form of misspecification.  Farber and Yeats (2006) 

found a similar result for several variables in their study of Toronto.  Omitted variables in 

particular likely influence our results.  While both the GWR and spatial expansion 

models incorporate absolute measures of location, neither includes direct measures of the 

neighborhood, environmental, and accessibility attributes that underpin the value of 

‘location’.  If these influences are not adequately controlled for through absolute location 

and are spatially correlated with variables included in the models, they may contribute to 

the observed spatial heterogeneity.  This holds true for structural attributes as well.  

Consequently, GWR may provide a means to identify such misspecification problems. 

A potential limitation of both the spatial expansion and GWR models is that they 

in essence impose a continuous pattern on the spatial structure of the market.  However, it 

is widely recognized that some locational attributes that might lead to spatial 

heterogeneity are discrete in nature.  For example, school districts are known to play an 

important role in the determination of housing prices.  Therefore, one would expect price 

shifts to be abrupt when moving across the boundary from a high quality school district 
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to a lower quality district.  If this is the case, it may be more appropriate to delineate 

housing submarkets.   

The expansion method can incorporate discrete effects by including submarket or 

neighborhood interaction terms (Fik, Ling, and Mulligan 2003).  However, this may not 

be practical in some situations as it would result in an even greater number of 

independent variables and require a priori knowledge of submarket boundaries.  While it 

would be difficult to incorporate discrete influences in a GWR model, GWR may be a 

useful tool to determine whether segmentation is warranted as well as an aid in 

establishing meaningful submarkets boundaries. 

7 Conclusions 

Our comparison of the GWR and spatial expansion methods provides strong evidence 

that the marginal prices of key housing attributes are not constant throughout the Tucson 

market area, but vary with locational context.  The parameter estimates for all seven 

housing attributes exhibited significant spatial variation in both models.  We believe our 

results reflect both true variation in the marginal prices of these attributes due to localized 

supply and demand dynamics as well as potential misspecification problems such as 

omitted variables.   

While both the spatial expansion and GWR approaches improve upon the results 

of the stationary coefficient model, GWR outperformed the spatial expansion 

specification in terms of explanatory power and predictive accuracy.  The GWR results 

indicate that the spatial pattern of coefficient estimates is more complex than can be 
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accounted for by a spatial expansion employing a third degree polynomial expansion of 

the homes’ {x, y} coordinates. 

Regardless of whether the results are indicative of true parameter variation or 

misspecification, they highlight the complex spatial structure of housing markets and the 

need to explicitly address spatial heterogeneity in housing market models.  A failure to do 

so may result in a loss of explanatory power, lead to erroneous conclusions, and obscure 

important housing market dynamics.  GWR in particular provides a means to visualize 

the spatial structure of housing markets.  Either method may be a viable alternative in 

situations where price prediction is the primary concern and locational information is 

difficult to obtain or when knowledge of local submarkets is unavailable.   

  Further research needs to be done to uncover the exact nature of spatial 

heterogeneity in housing markets, specifically whether it is a discrete or continuous 

phenomena or a combination of both.  The counterintuitive GWR estimates found at 

some locations deserve further attention as well.  A direct comparison of the spatial 

patterns of marginal price estimates generated by each approach would be instructive.  

Additional cross-sectional studies would be useful in order to assess the stability of these 

results over time and space.  Finally, while we have focused specifically on spatial 

heterogeneity in this study, the significant result for our spatial lag variable in Model 3 

suggests that further research should strive to incorporate both spatial dependence and 

spatial heterogeneity in a formal spatial econometric setting. 

 
 
 



 
 
  

 

72 

References 
 
Agterberg F (1984) Trend surface analysis. In Spatial Statistics and Models, 
eds. Gale and Willmott, D. Reidel Publishing Co., pp. 147-171. 
 
Anselin L (1988)  Spatial econometrics, methods and models.  Kluwer Academic, 
Dordrecht Boston London 
 
Anselin L (1990) Spatial dependence and spatial structural instability in 
applied regression analysis. Journal of Regional Science 30: 185-207 
 
Bourassa S, Hoesli M, Peng V (2003) Do housing submarkets really matter?  Journal of 

Housing Economics 12: 12-28 
 
Bowen W, Mikelbank B, Prestegaard D (2001) Theoretical and empirical considerations 
regarding space in hedonic housing price model applications. Growth and Change 32: 
466-490 
 
Brunsdon C, Fotheringham S, Charlton M (1996) Geographically weighted regression: A 
method for exploring spatial nonstationarity. Geographical Analysis 28: 281-298 
 
Cassetti E (1972) Generating models by the expansion method: Applications to 
geographical research. Geographical Analysis 4: 81-92 
 
Can A (1992) Specification and estimation of hedonic house price models. Regional 

Science and Urban Economics 22: 453-474 
 
Can A, Mogbolugbe, I (1987) Spatial dependence and house price index construction. 
Journal of Real Estate Finance and Economics 14: 203–222 
 
Clapp, J (2001) A semi parametric method for valuing residential locations: applications 
to automated valuation. Journal of Real Estate Finance and Economics 27: 303-320 
 
Dubin, R, Sung C (1987) Spatial variation in the price of housing: 
Rent gradients in non-monocentric cities. Urban Studies 24: 193-204 
 
Farber S, Yates M (2006) A Comparison of Localized Regression Models in an Hedonic 
Price Context, Canadian Journal of Regional Science (forthcoming) 
 
Fik T, Ling D, Mulligan G (2003) Modeling spatial variation in housing prices: A 
variable interaction approach. Real Estate Economics 31: 623-646 
  
Fotheringham A,  Brunsdon C (1999) Local forms of spatial analysis. Geographical 

Analysis 31: 340-358 



 
 
  

 

73 

 
Fotheringham A, Brunsdon C, Charlton N (2000) Quantitative geography: Perspectives 

on spatial data analysis. Sage Publications, London 
 
Fotheringham A, Brunsdon C, Charlton N (2002) Geographically weighted regression: 

The analysis of spatially varying relationships. John Wiley, Chichester 
 
Freeman A (2003) The measurement of environmental and resource values.  Resources 
for the Future, Washington D.C. 
 
Goodman A (1981) Housing submarkets within urban areas – definitions and evidence. 
Journal of Regional Science 21: 175-185 
 
Goodman A (1998) Housing market segmentation.  Journal of Housing Economics 7: 
121-143 
 
Jones J, Cassetti, E (1992) Applications of the expansion method.  Routledge, London 
 
Michaels R, Smith V (1990) Market segmentation and valuing amenities with hedonic 
models:  The case of hazardous waste sites. Journal of Urban Economics 28: 223-242. 
 
Mulligan G, Franklin R, Esparaza A (2002) Housing prices in Tucson, Arizona. Urban 

Geography 23: 446-470 
 
National Association of Realtors (2006) Single-family spreadsheet. Chicago, IL 
 
Orford S (1999) Valuing the built environment: GIS and house price analysis. Ashgate, 
Aldershot 
 
Pavlov A (2000) Space-varying regression coefficients: A semi-parametric approach 
applied to real estate markets. Real Estate Economics 28: 249-283 
 
Páez, A (2005) Local Analysis of Spatial Relationships: A Comparison of GWR and the 
Expansion Method, Lecture Notes in Computer Science, 3482, 162-172 
 
Páez, A, Uchida, T, Miyamoto, K (2001) Spatial Association and Heterogeneity Issues in 
Land Price Models, Urban Studies, 38 (9) 1493-1508. 
 
Schnare A, Struyk R (1976) Segmentation in urban housing markets. Journal of Urban 

Economics 4: 146-166. 
 
Quigley J (1985) Consumer choice of dwelling, neighborhood and public services.  
Regional Science and Urban Economics 15: 41-63 
 



 
 
  

 

74 

Thériault M, Des Rosiers F,  Villeneuve P, Kestens Y (2003) Modelling interactions of 
location with specific value of housing attributes.  Property Management 21: 25-48 



 
 
  

 

75 

Appendix 1  

 
A principal component analysis was performed in order to reduce the number of 

explanatory variables while mitigating potential omitted variables bias.  Eight housing 

attributes were entered into the PCA.  Our objective was to reduce these variables to as 

few factors as possible due to computational limitations imposed by GWR.  We retained 

the two components with eigenvalues greater than one for use in the regression models 

(Table 8), which together explain 56% of the variance in the original eight variables.   

 
Table 8. Total Variance Explained 
 

Percent of Cumulative Percent of Cumulative

Component Total variance percent Total variance percent

1 2.972 37.152 37.152 2.860 35.751 35.751

2 1.510 18.879 56.031 1.622 20.280 56.031

3 0.916 11.453 67.484

4 0.813 10.158 77.642

5 0.704 8.805 86.448

6 0.457 5.707 92.154

7 0.362 4.529 96.683

8 0.265 3.317 100.000

Extraction Method: Principal Component Analysis.

Initial Eigenvalues Rotation Sums of Squared Loadings

 
 

The extracted components were rotated via the varimax method with kaiser normalization 

(Table 9).  Component one loads negatively on age, and positively on refrigerated air 

conditioning, enclosed garages and number of bathroom fixtures per room in the home.  

This component represents homes with modern features.  We expect a positive 

relationship between this factor and housing prices.  Component two has a high negative 

loading on the number of rooms per square foot of living space (large rooms), and 

positive loadings on homes with pools and patios.  This component represents a specific 
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style of housing, with a spacious design and outdoor amenities.  A positive association 

between this component and housing prices is anticipated. 

 
Table 9.  Rotated Components 

Variable 1.000 2.000

BATHROOM 0.589 0.387

ACREF 0.798 0.127

POOLD -0.044 0.660

ROOMSF -0.390 -0.706

QUALITY 0.499 0.121

AGE -0.867 0.180

PATIOS -0.045 0.686

GARAGE 0.848 -0.071

Rotation Method: Varimax with Kaiser Normalization.

Component

 
 
 

While 44% of the variance in the original eight variables is lost in the PCA, we find this 

to be acceptable as the two factors appear to capture the most important dimensions of 

this set of variables.  The R-squared in our base model drops only slightly from 0.884 to 

0.883 when the reduced variable set is specified.   
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Figure 1.  Study Area 

 

 

Figure 2.  GWR SQFT parameter estimates 
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Figure 3.  GWR LOTSIZE parameter estimates 

 

 

Figure 4.  GWR STORY parameter estimates 
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Figure 5.  Comparison of absolute prediction error: GWR and spatial expansion models 
 
 
 

Table 1.  Independent Variable Descriptions

Variable Description

SALEPRICE Selling price in dollars

PATIO Number of patios

SQFT Dwelling area in square feet

LOTSIZE Size of lot in square feet

ACREF Dummy variable indicating the prescence of regrigerated air conditioning

POOLD Dummy variable indicating the presence of a swimming pool

ROOMSF Total number of rooms divided by dwelling size

CLASS Dummy variable indicating high structural quality of the dwelling

AGE Age of the dwelling in years

STORY Dummy variable indicating a dwelling of two or more stories

BATHROOM Bathroom fixtures divided by the total number of rooms

PRE1940 Dummy variable indicating that the house was built prior to 1940

QUALITY Dummy variable indicating high interior quality of the dwelling

GARAGE Dummy variable indicating the presence of a garage on the property
Homes are assigned to a quality and class category by the assessor.  The CLASS and QUALITY dummy variables 
were created by aggregrating the top three and top two categories respectively.  
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Table 2.  Descriptive Statistics

Variable N Minimum Maximum Mean Std. Deviation

SALEPRICE 11732 32000 1595000 156215 104380

SQFT 11732 432 6320 1740 624

LOTSIZE 11732 1872 231419 12983 16290

CLASS 11732 0 1 0.29 0.45

STORY 11732 0 1 0.09 0.28

PRE1940 11732 0 1 0.03 0.16

FACTOR1 11732 -2.99 2.31 0.00 1.00

FACTOR2 11732 -4.01 6.09 0.00 1.00  

 

Table 3.  Model 1 Results:  Global

Independent Coefficient Standardized

Variables Estimate Std. Error Coefficient t-stat Significance

(Constant) 11.1026 0.0077 1449.20 0.0000

SQFT 4.06E-04 0.0000 0.5306 91.81 0.0000

LOTSIZE 3.07E-06 0.0000 0.1027 23.11 0.0000

CLASS 0.1348 0.0050 0.1278 26.89 0.0000

STORY -0.1036 0.0062 -0.0609 -16.73 0.0000

PRE1940 0.2451 0.0105 0.0825 23.33 0.0000

FACTOR1 0.1163 0.0023 0.2425 51.41 0.0000

FACTOR2 0.0455 0.0023 0.0944 19.74 0.0000

X 4.49E-06 0.0000 0.2888 29.70 0.0000

Y 4.35E-06 0.0000 0.2851 22.05 0.0000

X² 1.71E-11 0.0000 0.0359 5.79 0.0000

Y² -4.43E-11 0.0000 -0.0972 -16.78 0.0000

XY 6.60E-11 0.0000 0.1014 15.17 0.0000

X³ -1.23E-15 0.0000 -0.1826 -16.11 0.0000

Y³ -2.20E-16 0.0000 -0.0352 -3.53 0.0004

X²Y -1.26E-15 0.0000 -0.1007 -8.99 0.0000

XY² -5.08E-16 0.0000 -0.0320 -3.49 0.0005
Dependent Variable: LNPRICE

Observations 10568

Adj. r-square 0.8826

Standard error 0.164  
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Table 4.  Model 2 Results: Spatial Expansion

Independent Coefficient Standardized

Variables Estimate Std. Error Coefficient t-stat Significance

(Constant) 11.0866 0.0128 864.43 0.0000

SQFT 4.14E-04 7.87E-06 0.5408 52.57 0.0000

YSQFT 1.22E-09 4.09E-10 0.1445 2.98 0.0029

XYSQFT 2.35E-14 9.87E-15 0.0639 2.38 0.0174

X2YSQFT 9.77E-19 3.88E-19 0.1400 2.52 0.0118

Y2SQFT 1.85E-14 7.57E-15 0.0813 2.44 0.0146

Y3SQFT -3.25E-19 1.51E-19 -0.0990 -2.15 0.0314

XY2SQFT 2.08E-18 3.97E-19 0.2307 5.25 0.0000

LOTSIZE 3.23E-06 3.40E-07 0.1079 9.48 0.0000

XLOT -4.65E-11 1.08E-11 -0.0767 -4.32 0.0000

YLOT -9.22E-11 2.13E-11 -0.0906 -4.34 0.0000

X2LOT -8.70E-16 2.54E-16 -0.0778 -3.42 0.0006

Y2LOT 1.58E-15 3.20E-16 0.0564 4.95 0.0000

X3LOT 1.92E-20 5.11E-21 0.1140 3.76 0.0002

Y3LOT 2.78E-20 8.20E-21 0.0566 3.40 0.0007

CLASS 0.1583 1.03E-02 0.1502 15.40 0.0000

YCLASS 2.00E-06 6.00E-07 0.0753 3.34 0.0009

Y2CLASS -2.49E-11 9.13E-12 -0.0497 -2.73 0.0064

X2YCLASS -1.72E-15 5.78E-16 -0.0555 -2.97 0.0030

STORY -0.0343 1.34E-02 -0.0201 -2.55 0.0108

YSTORY -2.55E-06 7.40E-07 -0.0541 -3.44 0.0006

XYSTORY -4.46E-11 1.51E-11 -0.0260 -2.95 0.0032

X2STORY -3.58E-11 1.10E-11 -0.0325 -3.26 0.0011

YP1940 -5.76E-05 1.42E-05 -0.3413 -4.04 0.0001

X2P1940 -3.12E-09 5.28E-10 -0.1167 -5.92 0.0000

Y2P1940 -1.79E-09 7.15E-10 -0.2556 -2.50 0.0124

X2YP1940 -9.09E-14 3.13E-14 -0.0574 -2.90 0.0037

X3P1940 5.28E-14 5.92E-15 0.0567 8.93 0.0000

FACTOR 1 0.1023 4.21E-03 0.2133 24.29 0.0000

FACTOR 2 0.0538 3.85E-03 0.1117 13.97 0.0000

X 4.68E-06 6.11E-07 0.3008 7.65 0.0000

Y 2.52E-06 6.74E-07 0.1650 3.74 0.0002

X2 4.14E-11 1.23E-11 0.0869 3.38 0.0007

Y2 -8.88E-11 1.21E-11 -0.1948 -7.32 0.0000

X3 -6.62E-16 3.05E-16 -0.0979 -2.17 0.0297

X2Y -2.13E-15 6.15E-16 -0.1701 -3.46 0.0005

XY2 -4.09E-15 6.33E-16 -0.2570 -6.45 0.0000

Dependent Variable: LNPRICE

Observations 10568

Adj. r-square 0.8940

Standard error 0.1561  
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Table 5.  Model 3 Results: Spatial Expansion with spatial lag term

Independent Coefficient Standardized

Variables Estimate Std. Error Coefficient t-stat Significance

(Constant) 6.8663 0.1000 68.66 0.0000

WLNPRICE 0.3650 8.59E-03 0.2950 42.50 0.0000

SQFT 3.78E-04 7.32E-06 0.4942 51.66 0.0000

XY2SQFT 1.44E-18 3.67E-19 0.1595 3.92 0.0001

X2YSQFT 7.36E-19 3.58E-19 0.1055 2.06 0.0398

LOTSIZE 1.78E-06 3.16E-07 0.0595 5.63 0.0000

XLOT -2.15E-11 9.98E-12 -0.0354 -2.15 0.0314

YLOT -9.85E-11 1.96E-11 -0.0968 -5.02 0.0000

Y2LOT 2.17E-15 2.96E-16 0.0772 7.32 0.0000

Y3LOT 3.28E-20 7.57E-21 0.0667 4.33 0.0000

CLASS 0.1031 9.58E-03 0.0978 10.76 0.0000

XCLASS -2.10E-06 4.40E-07 -0.0692 -4.78 0.0000

X2CLASS -2.08E-11 8.38E-12 -0.0301 -2.48 0.0131

X2YCLASS 1.69E-15 5.40E-16 0.0545 3.13 0.0018

XY2CLASS 2.22E-15 4.61E-16 0.0648 4.82 0.0000

X3CLASS 1.25E-15 2.60E-16 0.1050 4.82 0.0000

STORY -0.0496 1.24E-02 -0.0292 -4.00 0.0001

YSTORY -2.31E-06 6.83E-07 -0.0491 -3.39 0.0007

XYSTORY -3.81E-11 1.40E-11 -0.0222 -2.72 0.0065

X2STORY -2.63E-11 1.02E-11 -0.0239 -2.59 0.0096

X2P1940 -2.43E-09 4.88E-10 -0.0909 -4.99 0.0000

X2YP1940 -8.08E-14 2.89E-14 -0.0510 -2.79 0.0052

XY2P1940 6.62E-14 2.80E-14 0.0791 2.37 0.0180

X3P1940 4.39E-14 5.47E-15 0.0471 8.02 0.0000

FACTOR1 0.0802 3.92E-03 0.1672 20.43 0.0000

FACTOR2 0.0390 3.58E-03 0.0810 10.91 0.0000

X 2.00E-06 5.68E-07 0.1288 3.52 0.0004

Y2 -7.54E-11 1.12E-11 -0.1654 -6.72 0.0000

X2Y -1.22E-15 5.69E-16 -0.0976 -2.15 0.0318

XY2 -3.18E-15 5.85E-16 -0.1998 -5.42 0.0000

Dependent Variable: LNPRICE

Observations 10568

Adj. r-square 0.9102

Standard error 0.1442  
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Table 6.  Model 4 Results: Geographically Weighted Regression

Independent 

Variables Minimum Lwr Quartile Median Upr Quartile Maximum P-value

Intrcept 10.722 10.983 11.068 11.134 11.493 0.000

CLASS -0.132 0.073 0.117 0.156 0.742 0.000

STORY -0.558 -0.112 -0.051 -0.012 0.326 0.000

PRE1940 -0.549 0.000 0.000 0.000 0.566 0.010

FACTOR1 -0.101 0.077 0.101 0.129 0.359 0.000

FACTOR2 -0.017 0.024 0.036 0.050 0.103 0.000

SQFT (000s) 0.254 0.332 0.372 0.410 0.596 0.000

LOT (000s) -0.008 0.003 0.006 0.009 0.017 0.000
Dependent Variable: LNPRICE

Observations 10569

Adj. r-square 0.92

Standard error 0.1356  

 

10 percent 20 percent R-squared

Model 1:  Global 57.1 82.6 0.832

Model 2:  Expansion 59.3 85.2 0.867

Model 3:  Expansion with lag 59.3 86.7 0.882

Model 4:  GWR 64.6 88.3 0.878

Table 7.  Out of sample predictive accuracy:  Percent of predicted prices within 

specified range of actual price and R-squared between actual and predicted price 
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APPENDIX B 

VALUING LOCATION-SPECIFIC AMENTIES:  DOES SPATIAL 
STURCTURE MATTER? 

 
 

Submitted to Environment and Planning B 
 

 
Abstract 

 
Hedonic property value models have been used extensively to value localized 
externalities.  While the importance of location as a determinant of housing values is 
universally recognized, externality studies have generally taken a naive approach to 
location and space.  There is growing evidence that housing markets are characterized by 
strong spatial effects such as spatial dependence and spatial heterogeneity.  A failure to 
adequately capture the spatial structure of the housing market may lead to biased or 
inefficient estimates of the willingness to pay for location-specific amenities and obscure 
important dynamics relating to amenity valuation.  However, prior research provides 
scant empirical evidence regarding the practical consequences of this failure.  This study 
evaluates the value of proximity to a riparian corridor within Tucson, Arizona, and 
assesses the importance of spatial structure on the resulting marginal implicit price 
estimates.  Both spatial heterogeneity and spatial dependence are found to be important, 
but the former has a much greater impact on the outcome of the study. 
 
 

Introduction 

Location-specific amenities (or disamenities) such as proximity to parks and open space, 

ambient air quality, or location with respect to a hazardous waste site may generate 

externality effects as residents who live close by receive more of the associated benefits 

(or costs).  The value of these benefits may become capitalized into the price of homes if 

homebuyers are willing to pay a premium for housing located advantageously with 

respect to them (Freeman, 2003; Palmquist, 2005).  Establishing accurate amenity values 

has important public policy implications and understanding how these values vary with 
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neighborhood context is particularly important due to the often significant political 

influence wielded by local homeowners groups. 

The hedonic method has been used extensively to value localized externalities.  

While spatial issues relating to the estimation of hedonic models are increasingly 

recognized in the housing market literature, applications involving the valuation of 

location-specific amenities have typically taken a naive approach to space.  Spatial 

structure is particularly relevant within this context as externalities are themselves spatial 

manifestations.  A failure to accurately incorporate the complex spatial structures 

inherent in housing markets may lead to biased marginal price estimates and obscure 

important dynamics such as how willingness to pay varies with neighborhood context.  

This study seeks to clarify the importance of spatial structure in the hedonic 

valuation of location-specific amenities.  The empirical analysis evaluates the value of 

proximity to a riparian corridor within Tucson, Arizona.  A number of prior studies have 

attempted to value urban wetlands (Doss and Taff, 1996, Mahan et al, 2000), but urban 

riparian corridors in arid environments have received less attention in the literature.  

These corridors may provide benefits to nearby residents in the form of views of 

vegetation, open space and recreational opportunities.  Recent studies by Colby and 

Wishart (2002) and Bark (2006) have found a significant property price premium 

associated with proximity to riparian corridors in Tucson, Arizona. 

In addition to providing a better understanding of the amenity value of riparian 

corridors and the public spaces associated with them, this research addresses the 

following questions:  1) Does the value of proximity to riparian corridors vary with 
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neighborhood context?  2) How does spatial dependence influence the marginal implicit 

price estimates?  3) In essence, what are the practical implications of failing to adequately 

control for spatial structure? 

The remainder of the paper is organized as follows.  The paper begins with a 

review of the pertinent literature relating to the hedonic valuation of location-specific 

amenities and key spatial issues relating to model estimation.  A description of the data 

and methods employed in the empirical analysis follows.  Next, the results are presented 

and interpreted.  Finally, conclusions are drawn and avenues for additional research are 

suggested. 

Literature Review 

The hedonic method is an example of a revealed preference approach to valuation, as it 

attempts to reveal the implicit prices of housing attributes through an analysis of home 

purchase decisions.  The theory behind the hedonic method was outlined in Rosen 

(1974), and rests on the premise that certain goods can be considered to be comprised of 

a bundle of distinct characteristics and that utility is gained through the individual 

characteristics rather than through the package as a whole.  The implicit marginal price 

associated with each characteristic can be inferred by observing how prices vary for 

bundles with differing quantities of each characteristic.  

Following this line of reasoning, houses can be considered to be a bundle of 

characteristics comprised of varying amounts of distinct attributes such as living space, 

lot area, and age, as well as locational characteristics like accessibility, neighborhood 
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attributes, and environmental quality.  The sale price of a home reflects the value of the 

entire bundle.  The hedonic method is operationalized by regressing the characteristics of 

homes on observed sale prices.  If the required assumptions are met, the individual 

parameter estimates reflect the marginal implicit price of each attribute.  Most relevant to 

this analysis are the assumptions that all observations are drawn from a single housing 

market and that the error terms are homoskedastic.  Additional assumptions are required 

to interpret marginal implicit prices as welfare estimates or to identify the underlying 

demand curves. 

The importance of location in determining housing prices is universally 

recognized, but hedonic studies of location-specific amenities have generally failed to 

adequately consider the spatial complexity of housing markets (Palmquist, 2005).  Two 

key elements of spatial structure, spatial dependence and spatial heterogeneity, are 

recognized in the spatial econometrics literature (Anselin, 1988).  There are strong 

reasons to expect that both effects will characterize housing markets.  Boyle and Kiel’s 

survey of the hedonic valuation literature, however, does not mention either effect (Boyle 

and Kiel, 2001). 

The issue of spatial heterogeneity centers on whether the marginal prices of 

housing attributes are constant throughout a metropolitan area or whether they vary with 

locational context (Orford, 1999).  If marginal implicit prices vary with geographic 

context, then a failure to segment the model or otherwise incorporate parameter variation 

may result in biased parameter estimates. 
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There is good reason to expect the prices of housing site and structural attributes 

(including environmental features) to exhibit spatial heterogeneity within large housing 

markets due to localized supply and demand imbalances (Goodman, 1998).  Demand by 

households for specific structural and locational attributes is known to vary based on 

socioeconomic status, household status, race and ethnicity (Quigley, 1985).  Due to the 

phased nature of the urban development process the supply of specific housing 

characteristics often exhibit strong spatial patterns within a metropolitan area.  Housing is 

a unique good due to its fixed location and durability, and the characteristics of the 

housing stock within a particular area may be difficult to change in response to changing 

demands.   

Household budgets and the location of household activities such as the work place 

may constrain individual households from participating in all segments of a large market.  

In addition, access to information and the “gate keeping” role played by market 

participants such as realtors, lenders, and appraisers may also constrain participation 

(Michaels and Smith, 1990).  Thus all housing within a large metropolitan area will not 

be substitutable and independent hedonic price schedules may arise. 

Housing researchers have long recognized the segmented nature of housing 

markets (Straszheim, 1974; Schnare and Struyk, 1976).  One approach to incorporating 

spatial heterogeneity is to segment the housing market into submarkets, which are 

typically defined as geographic areas with similar price structures, and to estimate 

separate hedonic equations for each (Goodman 1998; Michaels and Smith, 1990; 

Bourassa et al, 2003).  Other studies have incorporated spatial heterogeneity by 
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interacting housing characteristics with neighborhood attributes or absolute location 

(Can, 1990; Pavlov, 2000; Theriault et al, 2003; Fik  et al,, 2003, Bitter  et al, 2007).   

In amenity valuation applications, a number of studies have selected relatively 

homogenous geographic areas for analysis, but few explicitly consider market 

segmentation.  In an evaluation of hazardous waste sites, Michaels and Smith (1990) 

classified suburban Boston communities into market segments defined based on a survey 

of local realtors.  The estimated value of distance from a hazardous waste site differed 

markedly between submarkets.  Palmquist (1992) hypothesized that the disamenity effect 

associated with highway noise would vary based on the income level of neighborhoods.  

He estimated models for three neighborhoods located in three different communities and 

found widely varying estimates of the externality effect in each.  To our knowledge, no 

studies have segmented the housing market in adjacent areas surrounding a single 

localized externality. 

In the case of riparian corridors, market segmentation may be particularly 

important as the corridor may form a natural boundary between neighborhoods and 

effectively segment urban space into distinct housing submarkets.  Within Tucson, 

Arizona, the Rillito River forms a natural boundary between two neighborhoods that are 

considered by market participants to be distinct housing submarkets. 

Spatial dependence is a second important aspect of spatial structure, and is 

associated with spatially correlated error terms and violates the assumption of 

homoskedasticity.  Spatial dependence can be expected within the housing market 

context for two reasons (Can, 1990).  First, the underlying process of the housing price 
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determination can lead to spatial dependence because the price of a home is determined 

to some extent by the price of neighboring properties.  These “comparable” sales are used 

to appraise and set asking prices for homes.  Second, homes located in close proximity 

share important locational influences, which, if omitted from the model will cause the 

error terms to be correlated.  This is a common problem in housing market models as it is 

difficult, if not impossible, to fully specify the myriad of locational attributes that may 

influence housing prices (Orford, 1999).   

The two most common approaches to dealing with spatial dependence in hedonic 

models are the spatial error model and the spatial lag model.  The appropriate approach 

depends upon which of the two phenomena described above the spatial dependence stems 

from.   

The spatial error model assumes that spatial dependence arises for the second 

reason and is treated as a nuisance.  This form of spatial dependence violates the OLS 

assumption of constant error variance and is thus a form of heteroskedasticity.  If 

uncontrolled for, it results in inefficient marginal price estimates and biases the standard 

errors, thus invalidating hypothesis tests.  Conversely, the spatial lag form of spatial 

dependence posits that a home’s price is determined in part by the prices of nearby 

properties.  If spatial dependence takes this form and is not controlled for by adding a 

spatially lagged dependent variable, omitted variable bias can occur, potentially resulting 

in biased estimates for the remaining variables. Statistical tests have been developed to 

test for both forms of spatial dependence, which may be addressed through spatial 

econometric techniques (Anselin, 1998).   
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A number of recent environmental applications have used spatial econometric 

techniques to incorporate spatial dependence including Pace and Gilley (1997); Kim  et 

al, (2003); Beron et al (2004); Brasington and Hite (2005); and Anselin and LeGallo 

(2006).  While these studies find the results of spatial models to be statistically superior, 

several find the effect on environmental value estimates to be relatively minor compared 

to other modeling issues.  For example, Beron et al. (2003) find that marginal implicit 

price estimates of air quality are much more sensitive to the selection of location 

variables than to spatial dependence. 

The principal objective of this paper is to provide practical guidance regarding the 

importance of spatial structure in hedonic valuation studies.  Spatial heterogeneity is 

incorporated by segmenting the study area into distinct submarkets and estimating unique 

hedonic schedules for each.  The expectation is that the value of proximity to riparian 

corridors will vary with neighborhood context.  It is further hypothesized that the higher 

socioeconomic status neighborhood will place a greater value on proximity to riparian 

corridors than does a lower status neighborhood, as higher income buyers have more 

discretionary income to spend on what is in essence a luxury good.  The issue of spatial 

dependence is also addressed through spatial econometric techniques. 

Tucson market overview 

The Tucson metropolitan area is situated within the midst of the Sonoran Desert in 

Southern Arizona and is located just 60 miles north of the Mexican border. The City of 

Tucson has been one of the nation’s fastest growing cities over the past several decades 



 
 
  

 

92 

with its population expanding from 330,000 in 1980 to 487,000 in 2000.  The greater 

metropolitan area (Pima County) saw its population swell from 530,000 to 850,000 

during this period.  Population growth has been driven by a vibrant economy, 

immigration and retirement migration.  The population is diverse with Hispanics 

accounting for 30% of the total.  Similar to most automobile-dominated southwestern 

cities, Tucson’s development pattern is dispersed with the urbanized area encompassing 

over 500 square miles (Mulligan, et al, 2002) 

Tucson’s diverse economic base is led by education, tourism and defense-related 

manufacturing.  The University of Arizona ranks among the nation’s top public 

universities in terms of research expenditures and is one of the region’s largest 

employers.  The University has spurred rapid growth in high-tech employment with 

notable concentrations in optics and biotechnology.  Other large area employers include 

Davis-Monthan Air Force Base, Raytheon Missile Systems and the Phelps Dodge Mining 

Company.  Employment is spatially dispersed and Tucson’s weak Central Business 

District (CBD) functions primarily as a government services center.  Major nodes of 

office-based employment are found in Downtown Tucson, which includes the CBD and 

the University of Arizona, East Central Tucson and the Northwestern quadrant of the 

metropolitan area.  Manufacturing activity is concentrated in the south, which is easily 

accessible to Interstate 10, the metropolitan area’s only major freeway. 

The region’s housing stock is relatively new, with more than 70% of housing 

units built since 1970.  Older housing is found primarily within the central portion of the 

city where neighborhoods vary widely in terms of architectural style, level of 
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maintenance and socioeconomic status.  Housing units are typically newer, larger and 

more homogeneous near the periphery.  Housing prices and incomes are generally higher 

in northern half of the metropolitan area than in the south, and the most “exclusive” 

neighborhoods are found in the foothills of the Santa Catalina Mountains located to the 

northeast of Central Tucson.  

Rapid population and economic growth have contributed to an active housing 

market in Tucson.  Following a prolonged slump associated with overbuilding in the 

early 1990s, the region’s housing market began to stabilize during the middle of the 

decade.  Prices began to appreciate again in real terms during the late 1990s and supply 

and demand were relatively balanced during 2000, the year from which transactions for 

this analysis were drawn.  Like much of the West, housing prices have escalated rapidly 

during the present decade. 

Data and methods 

Study area and submarket delineation 

The study area selected for the empirical analysis encompasses a portion of North Central 

Tucson as well as an unincorporated area of Pima County (see Figure 1).  A relatively 

small portion of the greater Tucson area was chosen in order to limit variation in 

locational characteristics which are difficult to fully specify.  The Santa Catalina 

Mountain Range imposes the northern boundary and the eastern boundary was chosen 

because the Rillito River splits at that point.  The southern and western boundaries were 

selected in order to maintain relatively homogenous areas in terms of housing, 
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demographic and public service characteristics on either side of the river.  The Rillito 

River is approximately 100 yards wide and runs roughly east to west across the study 

area.  The river is dry most of the year but supports vegetation year round.  Public paths 

can be accessed on both sides of the river, which attracts walkers, runners and cyclists 

throughout the year.  

The process of statistically delineating housing submarkets can be quite complex 

(Goodman, 1998).  In this case we rely instead on the judgment of local market 

participants, a method that has performed well in several previous studies (Michaels and 

Smith, 1990; Bourassa et al, 2003). The Rillito River bisects the study area into two 

distinct regions in terms of physical environments, housing characteristics, demographics, 

and public services.  The areas to the north and south of the Rillito River are widely 

recognized by local realtors to be distinct housing submarkets.  ANOVA tests indicate 

that key housing and demographic characteristics differ significantly between the two 

submarkets. 

The area to the south of the Rillito River (South Submarket) falls within the City 

of Tucson and is relatively densely developed with mixed land uses and few vestiges of 

the original desert landscape remain.  The housing stock is roughly split between single 

and multi-family units.  Much of the area was developed immediately following World 

War II and homes average just 1400 square feet in size (See Table 1).  Housing prices are 

modest by Tucson standards with a sample mean of $120,000.  The median household 

income of census block groups encompassed within the South Submarket averages 

$28,000.  By contrast, the area north of the Rillito (North Submarket), known locally as 
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the Foothills, is nestled within the foothills of the Santa Catalina Mountains and much of 

the desert remains undisturbed.  The North Submarket falls within unincorporated Pima 

County is characterized by low-density suburban-style development with lots averaging 

roughly one acre in size.  Homes are newer and average nearly twice the size as those 

found to the south of the River.  Household incomes and housing prices average $73,000 

and $370,000 respectively, which are nearly three times that of the South Submarket.  

Data 

Housing price and characteristic data are derived from Pima County assessment data and 

supplemented with locational attributes created through a GIS.  For tax valuation 

purposes, the Assessor compiles an annual real estate sales database based on sales 

information recorded with the Pima County Recorders Office. These data include 

information on all single-family home sales occurring within the county during the year 

2000, as well as the structural characteristics of each property.  The sales records were 

geocoded by matching them to a property “parcel” database, also maintained by the 

county.  Approximately 60 of the matched records were eliminated because they 

represented property “flips”, were missing data elements or were outliers in terms of 

prices or structural attributes.  The final data set consists of 1009 sale observations.   

Explanatory variables are described in Table 2 and include a variety of structural, 

locational, and environmental characteristics.  Structural attributes include those typically 

found in hedonic applications such as the age and size of the dwelling and lot area.  The 

“class” variables are based on the assessor’s judgment of the structural quality of the 

dwelling.  Demographic variables are measured at the block group level for the year 2000 
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and include median household income and the proportion of housing units that are 

detached single-family dwellings.   

Several locational variables require further elaboration.  The dummy variable 

(SCHOOL) represents houses located within the Catalina Foothills School District, which 

is widely perceived to be one of the metropolitan area’s best.  With the exception of small 

areas near the southern and northwestern boundaries, most homes within the North 

Submarket lie within this district.  SCHOOL is expected to have a positive influence on 

housing prices.  FLOOD is a dummy variable indicating that a property falls within a 

100-year floodplain as designated by the Federal Emergency Management Agency 

(FEMA).  While flooding is rare in Tucson and may not be a major consideration to 

home purchasers, it is included for control purposes.  ELEV represents the elevation of 

the lot in meters and is expected to be important to buyers within the North Submarket, 

where higher elevations are associated with city and mountain views.  Elevation is not 

likely to be important in the South Submarket, which is essentially level and grades only 

gradually toward the river.  The amenity variable of interest is RILLITO, which is 

calculated as the natural log of the minimum linear distance to the Rillito River.   

Accessibility to employment, typically defined as distance to the CBD, has been 

found to be important in previous hedonic work.  Tucson, however, does not fit the 

monocentric model well as employment is widely dispersed throughout the metropolitan 

area and the CBD comprises only a small proportion of the region’s total employment.  

Because data is not readily available with which to capture the dispersed nature of 

employment in Tucson, employment accessibility is not included here. This omission is 
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not anticipated to have a material influence on the resulting estimates because of the 

dispersed pattern of employment and relatively small size of the study area.   

Models 

The empirical analysis begins by estimating a pooled OLS model including all 

transactions occurring within both submarkets.  Natural log of selling price is specified as 

the dependent variable.  While a variety of functional forms have been suggested in the 

literature, the semi-log formulation is most common and has been found to work well in a 

variety of empirical applications.   

  The analysis proceeds by testing for the presence of structural differences 

between the two neighborhoods, via a dummy variable version of the Chow test.  This 

begins with a test for constant variance between the two submarkets, which can not be 

rejected at standard significance levels.  Next, a pooled model including a dummy 

variable for the South Submarket and interaction terms between this variable and all 

independent variables common to both submarkets is estimated.  The null hypothesis that 

the coefficients for the submarket dummy and all interaction terms are equal zero is 

rejected at the 0.01 significance level, indicating that the two areas have distinct hedonic 

price schedules.  Details of this model are provided in Appendix 1.  

The next phase of the analysis estimates OLS models for each submarket in order 

to clarify how amenity valuation varies with neighborhood context.  These models are 

specified with the same variables as the pooled model with the exceptions that 

CLASSLOW and SCHOOL do not appear in the North and South models respectively, as 

there is no variance in these variables within the individual submarkets.   
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Finally, a set of spatial error models is estimated in order to address the 

importance of spatial dependence.  This process begins by defining spatial weights 

matrices that capture the relationships between observations within each submarket.  A 

number of different weights matrices based on the distance threshold criterion were 

created and tested.  Lagrange multiplier tests for spatial dependence are positive for all 

spatial weights matrices considered.  The final weights matrices selected consider 

observations within one half mile in the South Submarket and three quarters of a mile in 

the North Submarket to be neighbors.  At these distance thresholds, spatial 

autocorrelation is no longer detected in the regression residuals.  The Lagrange multiplier 

test statistics are consistently larger for the error form of spatial dependence as opposed 

to the lag form.  Thus spatial error models are estimated via MLE techniques, using the 

GEODA software package.   

Results 

The results for the pooled model, which includes observations from both submarkets, are 

presented in Table 3.  This model explains a large proportion of the variance in housing 

prices within the study area as evidenced by an adjusted r2 greater than 0.9.  The variables 

representing structural characteristics are highly significant and have the expected signs, 

while two of the locational variables, FLOOD and SFUNIT, are insignificant.  The 

marginal implicit price estimate for the variable representing distance to the Rillito River 

is negative and significant.  If the analysis were to end here, the obvious conclusion 
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would be that the Rillito River is an amenity that is capitalized into housing prices. The 

individual submarket OLS models suggest a very different conclusion.   

Table 4 depicts the results of the individual submarket models.  The explanatory 

power of the segmented models is lower than the pooled model as there is less variability 

in prices within each to explain.  Conversely the standard error of the estimate improves 

in the segmented models, indicating a closer fit between actual and estimated prices.  

Within the segmented models, the significance of several structural attributes drops, due 

in part to limited variation within individual submarkets.  Although there are significant 

differences in the parameter estimates between submarkets, the structural variables 

generally maintain their significance and expected signs.  The only counter-intuitive 

result in the North model is that higher proportions of single-family homes are associated 

with lower housing prices.  Within the South model, the significant negative coefficient 

of ELEV was unexpected and likely reflects some form of misspecification.  This 

coefficient becomes insignificant once spatial dependence is controlled for. 

The marginal implicit price estimates of proximity to the Rillito River differ 

markedly between the two submarkets. The anticipated “amenity” effect of proximity to 

riparian corridors is absent in the North model, as the coefficient is insignificant.  In 

contrast, the coefficient is negative and significant in the South Submarket, indicating 

that ceteris paribus, houses located closer to the Rillito sell for more than those located 

further away.  The interaction term between the South Submarket dummy and distance to 

the Rillito River variable is significant at the 0.1 level in the dummy variable Chow test 

model (Appendix 1), indicating that the marginal price associated with proximity to the 
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Rillito River is significantly different.  This result confirms the hypothesis that 

neighborhood context is important and that a pooled model obscures the relationship 

between housing prices and the amenity.   

The final set of models considers the influence of spatial dependence on the 

marginal implicit price estimates.  As indicated in Table 5, the spatial error coefficient 

(LAMBDA) is highly significant in both submarkets and spatial dependence has been 

eliminated from the regression residuals as evidenced by the Moran’s I statistic.  The 

differences in parameter estimates for the structural variables between the OLS and 

spatial error models are relatively small in most cases.  Spatial dependence generally has 

a much greater effect on the locational control variables, many of which become less 

significant.   

While the spatial error models are statistically superior to the OLS models, they 

do little to influence the conclusions drawn from the OLS models.  The spatial error 

models continue to indicate the absence of a significant relationship between housing 

prices and distance to the riparian corridor within the North Submarket.  Within the South 

Submarket, the marginal price estimate for RILLITO is still negative and significant at 

the 0.05 level, and the marginal implicit price estimate increases from -0.29 to -0.40.  

Based on the results of the spatial error model, proximity to the Rillito River also has an 

economically significant effect on the price of homes located to the south of the river.   

When evaluated at the mean price of $120,309 and the minimum distance to the Rillito of 

66 feet, the spatial error model indicates that moving 1000 feet farther away from the 
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river results in a price reduction of $12,671.  At the mean distance of 6048 feet, moving 

1000 feet further away reduces housing prices by just $873. 

The results for RILLITO are contrary to initial expectations, as buyers in the 

higher socioeconomic status neighborhood appear to place no value on proximity to the 

Rillito River, while those in the low-to-middle socioeconomic status neighborhood do.  

There are several possible explanations for this result.  One is that the residents of the 

exclusive North Submarket, where lots average one acre in size, may place a higher value 

on private space and do not perceive proximity to the publicly accessible paths along the 

Rillito River to be an amenity.  Conversely, lots in the more densely populated southern 

neighborhood tend to be smaller and buyers may place a greater value on proximity to 

publicly accessible recreational opportunities and open space.  Additionally, the Rillito 

River may not be as accessible from the North Submarket.   

Alternatively, the results may reflect the interplay between two amenities, 

elevation and proximity to the riparian corridor.  It is possible that home buyers in the 

north do value proximity to the river, but that elevation is prized more highly.  Within the 

North Submarket elevation generally increases with distance from the river and higher 

elevations are associated with better views of the city and surrounding mountain ranges.  

The correlation between the two variables is 0.78.  However, the high correlation is not 

necessarily a problem because of the large number of observations.  The coefficient on 

elevation is positive and significant at the 0.01 level, thus any positive influence of 

proximity to the Rillito may be overwhelmed by the desire for better views.  When 

elevation is removed from the model, the coefficient on RILLITO is significant and 
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positive, suggesting that ceteris paribus, housing prices increase with distance from the 

River.  This highlights the sensitivity of hedonic models to the omission of locational 

variables, which are often highly correlated. 

Conclusions 

It is imperative to consider the spatial structure of housing markets in hedonic 

applications involving the valuation of location-specific amenities.  A failure to do so 

may result in biased marginal implicit price estimates and obscure important valuation 

dynamics.  Of the two spatial effects considered, spatial heterogeneity is found to be of 

much greater practical importance, as the marginal implicit price of proximity to the 

Rillito River varied markedly with neighborhood context.  This result is completely 

obscured by a pooled model.  Spatial autocorrelation also proved to be prevalent within 

the Tucson housing market but had less bearing on the outcome.  Incorporating spatial 

dependence produces statistically superior models and theoretically more accurate 

variances, but the conclusions of the study are not materially changed. 

The relationship between neighborhood context and amenity valuation appears to 

be complex.  Contrary to initial expectations, buyers in the higher socioeconomic status 

neighborhood appear to place no value on proximity to the river and its publicly 

accessible paths, while those in the low-to-middle economic status neighborhood do.  

This complexity should be given due consideration in local public decisions involving the 

creation of localized externalities, whether positive or negative.   
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The importance of obtaining local market knowledge is also underscored by the research.  

While the question of how to delineate housing submarkets was not explicitly addressed, 

the results suggest that segmentation strategies utilizing local market knowledge to define 

submarkets can be effective.  The marginal implicit price estimates also proved to be 

sensitive to the choice of locational variables included in the model.  Thus, it is critically 

important to specify locational attributes as fully as possible, particularly those correlated 

with the variable of interest.  This may be a difficult task in the absence of knowledge 

relating to local market conditions.   

Several limitations should also be noted.  While incorporating spatial effects is an 

essential first step toward generating more reliable amenity value estimates, other spatial 

issues deserve greater attention as well.  For example, the manner in which the externality 

variable is measured may have a bearing on the results.  Several simple measures and 

transformations of distance were tested in this study, but more sophisticated measures of 

accessibility should be evaluated to insure that the benefits associated with an 

environmental amenity are accurately captured.  Developing more stringent guidelines 

for establishing spatial weights matrices should also be a priority. 

Finally, the fact that marginal implicit prices differ between neighborhoods of 

varying socioeconomic status may potentially be exploited to uncover the underlying 

demand curves required to calculate measures of willingness to pay in second stage 

hedonic estimation.  This may be a fruitful avenue for future research.   
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Figure 1.  Rillito River Study Area 
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Variable Mean Min Max Mean Max Min

Sale Price $370,786 $131,500 $1,595,000 $120,309 $430,100 $40,500
Dwelling size (sq ft) 2741 1242 5913 1407 3518 490

Lot size (sq ft) 41114 4333 208283 8660 45600 2948

Year built 1983 1955 2000 1963 2000 1929
Median Household Income $73,456 $32,554 $119,158 $27,631 $52,031 $16,691
Distance to Rillito (ft) 11936 439 22554 6048 12473 66

Table 1. Submarket Descriptive Statistics

North South

 
 
 
 
 
 

LNPRICE Natural log of sales price in dollars

SQFT Dwelling area in square feet

SQFTSQ Dwelling area in square feet squared

LOTSIZE Size of lot in square feet
LOTSQ Size of lot in square feet squared

AGE Age of the dwelling in years

AGESQ Age of the dwelling squared
GARAGE Garage capacity

ACREF Dummy variable indicating the presence of refrigerated air conditioning

POOLD Dummy variable indicating the presence of a swimming pool

QUALITY Dummy variable indicating above average interior quality
STORY Dummy variable indicating a dwelling of two or more stories

BATHROOM Number of bathroom fixtures divided by number of rooms

CLASSLOW Structural quality low
CLASSABV Structural quality above average

CLASSHIGH Structural quality high

ELEV Elevation in meters

INCOME Median income (census)
SFUNIT Proportion of dwelling units that are single-family detached homes (census)

SCHOOL Dummy variable indicating Catalina Foothills School District

FLOOD Dummy variable indicating property is located in a FEMA flood hazard zone
LNRILLITO Natural logarithm of distance to Rillito River

Table 2.  Variable Descriptions
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Variable Coefficient Std.Error T-Stat Probability

(Constant) 10.338 0.126 82.3 0.000

SQFT 5.41E-04 3.25E-05 16.6 0.000

SQFTSQ -0.035 0.006 -6.3 0.000

LOTSIZE 4.17E-06 8.92E-07 4.7 0.000

LOTSQ -1.23E-05 5.93E-06 -2.1 0.037

AGE -0.018 1.32E-03 -13.3 0.000

AGESQ 2.31E-04 2.17E-05 10.7 0.000

CLASSLOW -0.129 0.025 -5.1 0.000

CLASSABV 0.074 0.024 3.1 0.002

CLASSHIGH 0.202 0.036 5.7 0.000

QUALITY 0.045 0.015 3.0 0.002

ACREF 0.047 0.016 2.9 0.004

STORY -0.094 0.022 -4.2 0.000

BATHROOM 0.064 0.021 3.1 0.002

POOL 0.060 0.015 3.9 0.000

GARAGE 0.027 0.009 3.1 0.002

ELEV 0.001 0.000 6.1 0.000

FLOOD 0.004 0.026 0.2 0.869

SCHOOL 0.062 0.021 3.0 0.003

SFUNIT 3.12E-04 3.81E-04 0.8 0.414

MEDINC 1.07E-06 0.000 2.1 0.033

LNRILLIT -0.026 0.011 -2.3 0.020

Adj Rsquare 0.935

Std Error 0.171

N 1009

Table 3.  Pooled OLS Model Results
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Variable Coefficient Std.Error T-Stat Probability Coefficient Std.Error T-Stat Probability

(Constant) 11.027 0.187 59.1 0.000 12.465 0.461 27.0 0.000

SQFT 2.62E-04 5.89E-05 4.5 0.000 7.59E-04 8.02E-05 9.5 0.000

SQFTSQ 3.27E-03 8.68E-03 0.4 0.707 -0.107 0.025 -4.3 0.000

LOTSIZE 2.73E-06 9.84E-07 2.8 0.006 1.95E-05 5.67E-06 3.4 0.001

LOTSQ -2.05E-06 6.23E-06 -0.3 0.742 -2.97E-04 1.42E-04 -2.1 0.038

AGE -0.025 2.61E-03 -9.6 0.000 -0.011 2.21E-03 -4.8 0.000

AGESQ 3.41E-04 6.41E-05 5.3 0.000 1.50E-04 2.97E-05 5.1 0.000

CLASSLOW -0.111 0.025 -4.4 0.000

CLASSABV 0.124 0.041 3.0 0.003 0.143 0.041 3.5 0.001

CLASSHIGH 0.257 0.050 5.1 0.000 0.513 0.168 3.1 0.002

QUALITY 0.038 0.019 2.0 0.042 0.169 0.036 4.7 0.000

ACREF 0.055 0.049 1.1 0.263 0.048 0.017 2.9 0.004

STORY -0.076 0.029 -2.6 0.009 -0.038 0.033 -1.1 0.254

BATHROOM 0.055 0.027 2.0 0.045 0.037 0.029 1.3 0.194

POOL 0.089 0.017 5.2 0.000 0.038 0.030 1.3 0.204

GARAGE 0.013 0.013 1.0 0.331 0.024 0.011 2.3 0.023

ELEV 8.86E-04 2.60E-04 3.4 0.001 -2.31E-03 6.81E-04 -3.4 0.001

FLOOD -0.083 0.063 -1.3 0.187 -4.88E-03 0.027 -0.2 0.859

SCHOOL 0.030 0.023 1.3 0.194

SFUNIT -1.00E-03 5.45E-04 -1.8 0.067 8.88E-04 5.84E-04 1.5 0.129

MEDINC 1.10E-06 5.98E-07 1.8 0.066 3.57E-06 1.62E-06 2.2 0.028
LNRILLIT 4.86E-04 0.023 0.0 0.983 -0.029 0.014 -2.0 0.043

Adj Rsquare 0.867 0.805

Std Error 0.159 0.161

N 575 434

Moran's I 0.085 0.106

Probability 0.000 0.000

Table 4.  Submarket OLS Models

North Submarket South Submarket
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Variable Coefficient Std.Error z-value Probability Coefficient Std.Error z-value Probability

CONSTANT 10.512 0.307 34.2 0.000 11.529 1.191 9.7 0.000

LAMBDA 0.696 0.083 8.4 0.000 0.706 0.071 10.0 0.000

SQFT 2.78E-04 5.47E-05 5.1 0.000 7.49E-04 7.36E-05 10.2 0.000

SQFTSQ -1.93E-03 8.02E-03 -0.2 0.810 -0.111 0.023 -4.8 0.000

LOTSIZE 3.58E-06 1.00E-06 3.6 0.000 1.68E-05 5.48E-06 3.1 0.002

LOTSQ -7.73E-06 6.16E-06 -1.3 0.210 -2.19E-04 1.34E-04 -1.6 0.103

AGE -0.024 2.61E-03 -9.1 0.000 -9.49E-03 2.15E-03 -4.4 0.000

AGESQ 3.05E-04 6.26E-05 4.9 0.000 1.24E-04 2.90E-05 4.3 0.000

CLASSLOW -0.100 0.024 -4.2 0.000

CLASSABV 0.158 0.040 4.0 0.000 0.115 0.040 2.9 0.004

CLASSHIGH 0.268 0.048 5.6 0.000 0.226 0.156 1.5 0.147

QUALITY 0.033 0.018 1.8 0.068 0.142 0.035 4.0 0.000

ACREF 0.062 0.045 1.4 0.174 0.041 0.015 2.7 0.007

STORY -0.065 0.026 -2.4 0.014 -1.79E-02 0.031 -0.6 0.567

BATHROOM 0.052 0.025 2.1 0.036 0.026 0.027 1.0 0.327

POOL 0.086 0.016 5.4 0.000 0.058 0.027 2.1 0.034

GARAGE 0.017 0.012 1.4 0.168 0.023 9.88E-03 2.3 0.022

ELEV 1.29E-03 4.59E-04 2.8 0.005 -7.79E-04 1.68E-03 -0.5 0.643

FLOOD -0.094 0.059 -1.6 0.113 8.26E-03 0.027 0.3 0.758

SCHOOL 0.012 0.029 0.4 0.681

MEDINC 8.52E-07 6.51E-07 1.3 0.191 3.11E-06 1.84E-06 1.7 0.092

SFUNIT -8.97E-04 5.86E-04 -1.5 0.126 4.37E-04 6.25E-04 0.7 0.484
RILLITO 0.016 0.036 0.4 0.660 -0.040 0.019 -2.1 0.040

Pseudeo R-square 0.884 0.832

Std Error 0.148 0.15

N 434 575

Moran's I -0.0067 -0.0076

Probability 0.393 0.275

Table 5. Spatial Error Models

North Submarket South Submarket
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Appendix 1  Dummy Variable Model Chow Test Results 
 

Variable Coefficient Std.Error T-Stat Probability

CONSTANT 10.960 0.183 59.9 0.00

SQFT 2.67E-04 6.00E-05 4.5 0.00

SQFTSQ 2.66E-03 8.84E-03 0.3 0.76

LOTSIZE 2.60E-69 9.87E-08 2.6 0.01

LOTSQ -1.09E-06 6.31E-06 -0.2 0.86

AGE -0.025 0.003 -9.4 0.00

AGESQ 3.32E-04 4.97E-06 5.1 0.00

CLASSABV 0.120 0.042 2.9 0.00

CLASSHIGH 0.251 0.051 4.9 0.00

QUALITY 0.038 0.019 2.0 0.04

ACREF 0.058 0.050 1.1 0.25

STORY -0.073 0.029 -2.5 0.01

BATHROOM 0.056 0.028 2.0 0.04

POOL 0.090 0.018 5.1 0.00

GARAGE 0.011 0.013 0.8 0.40

ELEV 8.26E-04 2.61E-04 3.2 0.00

FEMA -0.079 0.064 -1.2 0.22

MEDINC 1.20E-66 4.02E-09 2.0 0.05

SFUNIT -1.13E-03 5.47E-04 -2.1 0.04

RILLITO 0.015 0.020 0.8 0.45

S_CONSTANT 12.337 0.462 26.7 0.00

S_SQFT 8.57E-04 7.38E-06 11.1 0.00

S_SQFTSQ -0.132 0.024 -5.4 0.00

S_LOTSIZE 1.83E-55 6.76E-07 3.2 0.00

S_LOTSQ -2.74E-04 1.43E-04 -1.9 0.06
S_AGE -9.64E-03 2.20E-03 -4.4 0.00

S_AGESQ 1.27E-04 9.30E-06 4.3 0.00

S_CLASSABV 0.138 0.041 3.4 0.00

S_CLASSHIGH 0.505 0.168 3.0 0.00

S_QUALITY 0.161 0.036 4.5 0.00

S_ACREF 0.054 0.017 3.3 0.00

S_STORY -0.040 0.033 -1.2 0.23

S_BATHROOM 0.040 0.029 1.4 0.17

S_POOL 0.036 0.030 1.2 0.23

S_GARAGE 0.029 0.011 2.7 0.01

S_ELEV -2.33E-03 6.83E-04 -3.4 0.00

S_FEMA -0.019 0.027 -0.7 0.48

S_MEDINC 3.54E-61 6.29E-07 2.2 0.03

S_SFUNIT 1.12E-03 5.84E-04 1.9 0.06

S_RILLITO -0.024 0.014 -1.7 0.10

Adj Rsquare 0.942

Std Error 0.162

N 1009

OLS Model with Submarket Dummy Variables

 
 
TEST                 DF      VALUE        PROB 
Chow test        20/969     8.254784     0.000000 
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 APPENDIX C 
 

 

MIGRATION, HOUSING PRICES, AND STAGE IN THE LIFE 
COURSE1 

 
 

Prepared for publication in International Regional Science Review 

 
 
 
Housing prices vary widely across U.S. metropolitan areas, and the range between the 
most and least expensive has been widening.  Because housing represents both the largest 
component of expenditures and wealth for the typical home-owner, housing prices are 
extremely important to U.S. households.  However, house prices have received scant 
attention in the urban and regional growth literature.  House prices influence migration 
decisions and hence the geographic distribution of population.  Moreover, their effect 
may vary with personal characteristics and contribute to changes in regional demographic 
composition and economic competitiveness.  The objective of this research is to clarify 
the role that housing prices play in shaping migration flows, and, more specifically, to 
investigate how the effect of housing prices varies with personal characteristics.  The 
empirical analysis models metropolitan migration within the United States over the 
period 1995 to 2000.  We find that the relationship between house prices and migration 
varies with both stage in the life course and educational attainment.  High housing prices 
are found to be a significant migration deterrent for young adults aged 25 to 34 and for 
persons near retirement age.  In addition, we find evidence that college graduates are 
more sensitive to housing prices than are persons without college degrees.  Our results 
suggest that housing prices have been an important driver of regional demographic 
change.  
 

                                                 
1 This research is coauthored with David A. Plane 
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INTRODUCTION 
 

Housing plays a vital role in American society.  According to data compiled by the U.S. 

Census Bureau, housing represents both the greatest component of wealth and the 

greatest component of expenditures for the typical household. The location of the 

household’s residence also confers access to a variety of location-specific opportunities, 

such as access to a strong labor market or desirable amenities.  Furthermore, the home 

has become perhaps the single most important symbol of status within the United States. 

House-price levels vary widely across U.S. metropolitan areas.  For example, 

according to the National Association of Realtors, the median price of homes sold during 

2006 in San Jose, CA was $750,000, more than eight times the median value of $95,000 

in Buffalo, NY.  Housing prices are cyclical and rates of appreciation vary widely over 

time.  According to U.S. Census data, between 1970 and 2000 nominal housing values in 

the San Francisco Bay area increased more than fifteen-fold, but grew only fourfold in 

Buffalo.  Differential rates of appreciation have caused a widening geographic dispersion 

of house prices over the past several decades.  In 1980, median values in the 20 most 

expensive metropolitan statistical areas (MSAs), located primarily in the Northeast and 

along the West Coast, averaged roughly three times those of the 20 least expensive.  By 

2000, this gap had increased by 50%, and it widened further during the first half of the 

current decade. 
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House-price differentials now profoundly influence the relative attractiveness of 

metropolitan areas and hence interregional migration patterns.  Moves to lower-cost 

housing markets may be the only way for some households to achieve home ownership.  

For others, interregional moves may provide an opportunity to own a larger home with 

more amenities or to live in a more desirable neighborhood.  Moreover, due to varying 

equity constraints as well as differing preferences for housing tenure, place-specific 

amenities, and labor market opportunities, the relationship between house prices and 

migration may vary with personal characteristics.  Thus, housing price differentials 

induce changes in regional demographic composition to the extent that the characteristics 

of migrants moving to high-cost metropolitan areas differ from those moving out.  This in 

turn has repercussions for economic competitiveness. 

Despite the importance of housing prices and their dramatic geographic variation, 

the role they play in urban and regional development has received scant academic 

attention (Glaeser 2006).  Few studies have explicitly examined the linkage between 

interregional migration and house prices.  Given the unprecedented escalation in house 

prices experienced by many MSAs during the current decade, and ensuing housing bust, 

it is perhaps more important than ever to understand how house prices impact urban and 

regional growth.  This research aims to clarify the role that house prices play in 

interregional migration.  In particular, we seek to understand how the influence of house 

prices varies with both stage in the life course and educational attainment.  To this end, 

we empirically investigate the relationship between house prices and inter-metropolitan 

migration over the period 1995-2000.   
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The paper is organized as follows.  We begin by reviewing the relevant literature 

and then describe the data and methods employed in the study.  Next, we discuss the 

results of the empirical analysis.  The closing section draws conclusions and suggests 

avenues for further research.   

 

BACKGROUND AND LITERATURE REVIEW 

 

Research on the determinants of interregional migration has typically been couched 

within a utility-maximizing framework in which households compare utility, as a 

function of economic opportunity and amenities, at their present location to that 

attainable in alternative locations.  If the differential is great enough to overcome the 

costs of moving, both monetary and psychic, migration will occur.   

Two main theoretical perspectives dominate the migration literature.  The 

disequilibrium perspective sees migration as largely a response to regional wage 

differentials that reflect opportunities for utility gains (Greenwood 1989).  Conversely, 

the equilibrium perspective argues that regions adjust quickly to economic shocks and are 

never far from equilibrium.  From this perspective, wage and rent differentials do not 

reflect opportunities for utility gains, but, rather, they compensate for differences in 

place-specific amenities.  Migration thereby represents a response to changing 

preferences for amenities, which may arise due to factors such as rising incomes (Graves 

1980, 1983; Mueser and Graves 1992, 1995).  The interregional hedonic valuation 

literature finds some evidence for amenity capitalization into housing prices, although 
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capitalization in the labor market appears to be more prevalent (Bloomquist et al. 1992; 

Gyourko and Tracy 1991).   

The issue of interregional equilibrium has an important bearing on the potential 

relationship between housing prices and migration.  From the equilibrium perspective, 

house-price differentials should affect migration decisions only to the extent that 

preferences for housing versus amenities are changing through time (Graves 1983). The 

disequilibrium perspective, although concerned foremost with wage differentials, leaves 

more latitude for house-price differentials to represent real utility differentials, which 

may be arbitraged through moving.  

Largely ignored in this debate is the literature pertaining to house-price 

determination.  This literature finds that regional housing markets tend to be highly 

cyclical and prone to boom-and-bust cycles that may drive housing prices far from their 

equilibrium or fundamental value (Case and Shiller 1989; Shiller 1990; Abraham and 

Hendershott 1993).  This is due to both construction cycles and to expectations of future 

price growth, as buyers respond speculatively to rapid price increases by bidding prices 

even higher, until the bubble eventually bursts.  Conversely, housing prices may over-

correct on the way down as expectations of further losses drive prices below their 

fundamental value.   

Abraham and Hendershott (1996) provided empirical evidence of this 

phenomenon in a study that decomposes housing price movements into two components -

- one reflecting changes in equilibrium value stemming from economic fundamentals like 

construction costs and income growth, and one reflecting deviations from fundamental 
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value stemming from factors such as speculation.  Models incorporating both components 

explained considerably more of the variance in house-price changes, and suggest that 

house prices were overvalued by as much as 35% in the Northeast and 15% to 20% on 

the West Coast during the early 1990s, while prices in Texas, which had experienced an 

oil-industry shock, were undervalued. 

Housing market cycles themselves may be an important driver of interregional 

disequilibrium.  The recent housing boom illustrates this point.  Between 2003 and 2005, 

median housing prices expanded by nearly 70 percent in Las Vegas while those in Austin 

Texas grew by less than 5 percent.  Thus, in a period of just two years, the price of 

housing in Las Vegas relative to that in Austin rose from 114 percent to 186 percent.  

This differential is difficult to explain based on local economic conditions or changing 

preferences for amenities alone.  Indeed, speculation is known to be an important driver 

of Las Vegas’s rapid appreciation but was relatively absent in Austin.  Because housing 

prices are driven not only by changes in local economic fundamentals, but also by 

speculative forces, geographic house-price differences may reflect opportunities for 

utility gains through migration. 

Despite the importance of house prices to households and the demonstrated 

tendency of market prices to stray from fundamental value, migration researchers have 

shown little explicit interest in examining the relationship between housing prices and 

interregional migration patterns.  Two notable exceptions are Gabriel et al. (1992) and 

Potepan (1994).  Responding to the growing dispersion in regional house prices during 

the late 1980s, Gabriel et al. (1992) analyzed migration flows among the nine Census 
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Divisions.  They found that high destination prices deterred migration while origin prices 

had little discernable effect.  The reliability of this result, however, is diminished by the 

coarse scale of analysis and a failure to control for amenities.  Potepan (1994) examined 

the joint relationship between housing prices and gross migration in a simultaneous-

equations framework.  Migration was found to influence house-price levels during the 

1970s, but the reverse was not true, as the house-price estimates were negative and 

insignificant in both the in-migration and out-migration models.  This may be due in part 

to the small sample of 38 metropolitan areas.   

Both Gabriel et al. (1992) and Potepan (1994) failed to consider that housing 

prices may play a more important role in the migration decision of some demographic 

groups than of others.  For example, the weightings that individuals assign to housing 

costs, labor market opportunities, and place-specific amenities in their migration 

decisions vary with stage in the life course (Whistler et al. 2008).  Young adults demand 

relatively little housing and move frequently.  Hence they may prefer the flexibility of 

renting and be relatively insensitive to housing prices.  Their migration decisions may be 

driven to a greater extent by educational and labor market opportunities, and the types of 

amenities found in large cities.  As individuals begin to form families, housing prices 

may become more important.  For retirees, amenities and housing costs will play a 

greater role in migration decisions than do labor market opportunities. 

Equity considerations likely magnify the differences between various 

demographic groups because housing is characterized by not only a use value, but is also 

an expensive capital asset.  Housing purchases are typically financed through mortgages 



 
 
  

 

120 

that require a substantial upfront investment in terms of a down payment and closing 

costs.  During normal periods, these costs generally exceed 10 percent of the nominal 

price of the home.  Equity considerations have been shown to be an important 

determinant of residential mobility (Stein 1995; Henley 1998; Engelhardt 2003).  Within 

the interregional migration context, young and low-income households, who typically 

face the greatest equity constraints, are likely to be priced out of homeownership in 

expensive metropolitan areas, even when prices are near their fundamental value.  

Conversely, older homeowners may see migration as an opportunity to cash out housing 

equity to be preserved to fund retirement.   

The importance of personal characteristics is borne out by the data presented in 

Tables 1 and 2, depicting internal metropolitan flows during the period 1995 to 2000.  

Overall, 52.5 percent of migrants moved to metropolitan areas with lower median 

housing costs, but the prevalence of these types of moves varies widely with both age and 

educational attainment.  Less than half of 20-to-29 year olds moved to lower cost 

metropolitan areas, but the proportion of these types of moves increases steadily with age 

and peaks at 63 percent for individuals in their 60s.  Households with children are also 

more likely to move to lower-cost MSAs.  As Table 2 indicates, individuals with lower 

levels of educational attainment are more likely to move to metropolitan areas with lower 

housing costs than are college graduates.   

The literature sheds little light on how the relationship between housing prices 

and migration varies with personal characteristics.  In a study focused on fiscal factors, 

Clark and Hunter (1992) included a house-price variable in an analysis of net migration, 
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disaggregated by age, during the 1970s.  Housing prices were found to influence net 

migration, and moreover, their effect varied with age.  High housing prices were found to 

attract young adults aged 20-24 and migrants older than 55, but to repulse middle-age 

migrants aged 30 to 44.  However, as proponents of the equilibrium perspective on 

migration, the authors argue that these results reflect misspecification due to unmeasured 

amenities. 

Our research seeks to improve upon previous studies in several ways.  First, we 

examine both net migration rates and place-to-place flows, disaggregated by both age and 

educational attainment.  Second, our scale of analysis is the metropolitan area, which 

better reflects the extent of housing and labor markets than do the broad Census divisions 

used by Gabriel et al. (1992).  Moreover, we include a much larger sample of 

metropolitan areas than did Potepan (1994).  Finally, we control for place-specific 

amenities more fully in our models in order to control for potential amenity capitalization 

into house prices. 

DATA AND METHODS 

DATA 

The data set used in the empirical analysis consists of 232 metropolitan area observations 

and is constructed from a variety of sources as listed in Table 3.  The metropolitan area 

best reflects the spatial extent of housing and labor markets.  For large metropolitan 

regions, we use Consolidated Metropolitan Statistical Areas (CMSAs) rather than their 



 
 
  

 

122 

individual components (PMSAs)3.  This allows us to eliminate internal migration flows 

within large urban regions.    

We calculated age-and education-specific rates of net migration for each MSA 

based on the special county-to-county tabulation of Census 2000.  The decennial census 

long form asked respondents where they resided in the year 1995; thus the data reflect 

migration over a five-year period.  The primary drawbacks of these data are that both 

housing prices and regional economic conditions may change during a five-year period, 

and repeat and return movements are lost.  However, these data give the most complete 

picture of metropolitan migration and allow us to disaggregate by personal 

characteristics.  We also note that age and educational attainment are considered 

separately because the special county-to-county tabulations do not allow these 

characteristics to be cross-tabulated. 

The study period reflects one of relatively balanced housing market conditions in 

most metropolitan areas.  It followed a severe housing recession during the early 1990s 

that drove down nominal housing prices by as much as 20 percent in some metropolitan 

areas.  By 1995, prices were rising again in nearly all MSAs, and all experienced positive 

price growth between 1995 and 2000.  House prices increased by an average of 22 

percent during the study period, with price appreciation ranging from a high of 52 percent 

in the San Francisco Bay Area, which was in the midst of the high-tech boom, to a low of 

0.02 percent in Utica-Rome New York.  To minimize bias caused by differential rates of 

                                                 
3 For New England, migration is tabulated by NECMA for the models segmented by educational attainment 
because they were constructed from county-level data. 
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appreciation during the study period, our dependent variable measures the mid-period 

housing price, which better reflects prices prevailing throughout the study period. 

Our house-price level variable is constructed from the Census 2000 median 

housing values, which are adjusted by the OFHEO house-price series to reflect mid-

period housing prices.  There are several limitations to our house-price measure.  The 

median value is based on the homeowner’s estimate of value and does not control for 

differences in housing quality.  This is, however, the only source of housing-price data 

that is tabulated for all metropolitan areas.  Second, the OFHEO price-series data used to 

adjust prices also has an important limitation.  While these data control for quality 

differences through the repeat-sales methodology, they include only FHA-financed home 

sales and appraisals.  Hence this data set may exclude house sales at the high end of the 

market in expensive metropolitan areas because they do not conform to FHA loan limits.   

Our migration models include a variety of independent variables measuring MSA 

place-specific characteristics.  Measures reflecting economic opportunity include the 

unemployment rate, income and immigration.  We also include the jobs score from the 

1997 Places Rated Almanac, which is calculated based on forecasted employment 

growth.  A variable representing per capita property-tax collections is included to control 

for house-price differences stemming from variations in regional property taxes.  

Variables representing place-specific amenities include Places Rated scores for crime, 
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recreation, and climate4.  We also include dummy variables representing eight of the nine 

Census Divisions in order control to for unspecified regional characteristics.   

As a final control for omitted amenities we include median rent.  As Graves 

(1983) argued, rents can be used to capture the compensation effect of place-specific 

characteristics into land values.  Rents are not subject to the same asset-market 

fluctuations as are housing prices, thus they provide a purer measure of amenity 

compensation.  By including rents, we eliminate their joint variation with housing prices 

from the resulting estimates.  Thus our housing-price measure more directly captures 

variations in home values that are not attributable to amenity compensation.  The two 

variables are highly correlated.  The correlation coefficient is 0.86 for the full 

metropolitan sample.  Multicollinearity increases the variances of the estimates for these 

variables, but they remain unbiased.  This is not a significant issue with our models 

because they have relatively sufficient degrees of freedom. 

 

MODELS 

 

The empirical analysis begins by estimating two sets of net migration models.  The first is 

disaggregated by five-year age cohorts, of which there are seventeen, while the second 

set is disaggregated by five categories of educational attainment.  The models are based 

on the underlying principal of utility maximization, in which individuals move in 

response to differences in place-specific utility, and take the following general form: 

 

                                                 
4 The Places Rated Almanac scores are tabulated for PMSAs.  We aggregated up to CMSAs using 
weighted-averages. 
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MRnj = f (housing prices, labor market opportunities, amenities) 

 

MR is the migration rate, n is the population group and j is the metropolitan area.  All 

models include the same set of explanatory variables and are estimated using ordinary 

least squares with a linear functional form.  We recognize that our data includes groups 

such as children, college students, and members of the military for which the utility-

maximization framework does not necessarily apply.  However, it is impossible to 

exclude the latter groups and we purposely include children to gain some insight into how 

their presence influences the relationship between house prices and migration. 

We performed several diagnostic tests.  First, a Chow test for equality across all 

groups rejects the null hypothesis of no structural differences between groups.  Second, 

we employed a Lagrange multiplier test on selected models in order to test for the 

presence of spatial dependence.  The results indicate that our models due not suffer from 

either the lag or error form of spatial dependence. 

The final set of models is based on origin-destination-specific intermetropolitan 

migration flows, disaggregated by age and educational attainment, between pairs of the 

50 largest metropolitan areas.  The advantage of these models is that they allow us to 

ascertain whether house-price differentials influence migration patterns.  We use a 

modified gravity-model approach, with flows between MSA pairs estimated as a function 

of distance between the MSAs, the product of their populations, and a vector of place-

specific characteristics.  The independent variables are the same as those used in the 

gross and net migration models, except they are now expressed as the ratio of origin to 

destination values.  These models take the form: 
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The flows models include only the 50 largest metropolitan areas because the 

disaggregated flows between smaller metropolitan pairs tend to be small or zero.  This 

size cutoff essentially excludes metropolitan areas with populations less than one million.  

Even for the 50 largest metropolitan pairs we find many zero values when all 17 age 

cohorts are considered.  Therefore, we disaggregate the age models into five broader age 

groups.  The categories remain the same for educational attainment.  

Perhaps the most important shortcoming of our modeling strategy is that data 

limitations prevent us from addressing the potential endogeneity between migration and 

housing prices.  This is a complex issue because the response of house prices to migration 

depends on the elasticity of housing supply, which varies widely between metropolitan 

areas (Glaeser 2006).  For example, Las Vegas experienced extremely high net migration 

between 1980 and 2000, and yet house price appreciation barely exceeded inflation.  Data 

on metropolitan housing supply elasticity are not readily available.  However, we do not 

believe that this issue materially impacts our conclusions because over relatively short 

periods of time the effect of migration on house-price levels should be small.   

RESULTS 

AGGREGATED MODELS 

The results of the aggregated net migration and metro-to-metro flow models are 

presented in Tables 4 and 5.  They explain roughly half of the variation in metropolitan 
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net migration rates and more than 80 percent of the variance in internal migration flows 

among the 50 largest metropolitan areas.  The regression coefficients generally have the 

expected signs, and in both models, and job opportunities and climate are found to be the 

most important migration determinants.  The house-price coefficients (ADJVAL) have 

the expected signs but are not significant in either model.  This suggests that house prices 

did not play an important role in shaping aggregate internal population movements during 

the period 1995 to 2000.  However, as the next section illustrates, there are important 

differences in how housing prices affect migration patterns during different stages of the 

life cycle. 

AGE-DISAGGREGATED MODELS 

The results of the age-disaggregated net migration models are presented in Table 6.  The 

models explain nearly 60 percent of the variation in net migration rates for persons aged 

50 to 69, but less than 40 percent for 15 to 24 year olds.  Explanatory power drops 

precipitously after age 75.  Due to space considerations, we report only the house-price 

estimates in this section.  In general, we find economic factors to be most important to 

young and mid-career adults, while climate assumes greater importance during the 

retirement and pre-retirement years.  As anticipated, the house-price coefficients vary 

considerably across age groups.   

The relationship between housing prices and net migration rates clearly varies 

with stage in the life course.  Metropolitan areas with high housing prices appear to be 

attractive to young adults aged 15 to 24.  This is not surprising as young adults tend to 

rent and may be attracted by unspecified factors associated with more expensive MSAs, 
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such as educational opportunities or a vibrant night life.  In contrast, the house-price 

coefficients are negative and significant for persons in their late twenties and early 

thirties.  Thus housing prices appear to play an important role in their migration 

decisions, although economic factors are stronger determinants.  This may be the result of 

income and equity constraints as well as growing demand for housing related to family 

formation.  The importance of children is underscored by the negative house-price 

coefficients for 5 to 14 year olds.   

The influence of house prices wanes during middle age, as the estimates are 

negative but not significant at the 0.05 level for 35-to-54 year olds.  These age groups 

have higher incomes and have had more time to save for housing down payments or may 

have already accrued housing equity.  We find that house prices become progressively 

more important as individuals near retirement.  The house-price estimates are negative 

and significant at the 0.01 level for the 60-to-79 year old age cohorts.  Although climate 

appears to be much more important to these groups, housing prices also influence 

migration patterns as movements to less expensive metropolitan areas may represent 

opportunities to cash out housing equity to be preserved for retirement.  Finally, we find 

housing prices to be unimportant to persons over age of 79.  Their movements are 

difficult to model in a utility maximizing framework and often reflect return migrations 

to former places of residence. 

The results of the age-disaggregated flows models are presented in Table 7.  

These models are not directly comparable to the net migration models because they 

consider only moves between the 50 largest MSAs and employ broader age groups.  
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Their chief advantage is that they allow us to ascertain, ceteris paribus, whether house-

price differentials influence migration patterns.  The house-price variable is specified as 

the ratio of origin to destination price, so positive coefficients indicate that flows are 

greater when destination prices are lower than origin prices.  The explanatory power of 

the flows models is generally high, although it drops substantially for the 60-to-79 year 

old group.   

The results of the flows models are generally consistent with those of the net 

migration models.  Again, we find that young adults aged 15 to 24 are attracted to MSAs 

with higher housing prices, while lower housing prices are attractive to 60-to-79 year 

olds.  However, the effect of house prices on the movements of 25-to-34 year olds 

between large MSAs is not statistically significant.  The flows results also suggest that 

house prices play a somewhat more important role in the movements of 35 to 59 year 

olds, although this result is not highly significant.  The discrepancies between the net 

migration and flows models results may be attributable in part to the fact that moves 

motivated by house prices may be more likely to lead to smaller MSAs where housing 

prices are typically lower.  Plane et al. (2005) found that the prevalence of moves down 

the urban hierarchy varies widely over the life course. 

 

EDUCATION MODEL RESULTS 

The results of the education-disaggregated net migration rate models are shown in Table 

8.  The explanatory power of the models generally improves with educational attainment.  

We find that job opportunities and immigration exert the greatest influence on net 
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migration rates for persons with lower levels of educational attainment, while income 

levels become more important to those who have completed college degrees.  Climate is 

the most significant amenity for all groups.  While the house-price coefficients are 

negative across the board, their significance varies with the level of educational 

attainment.   

As anticipated, we find that house prices exert a negative influence on net 

migration rates for persons who have not attended college.  Due to their lower average 

earnings, these individuals face the greatest income and equity constraints.  However, the 

relationship is only marginally significant for high school graduates.  The most surprising 

finding is that house prices have a negative and statistically significant effect on net 

migration rates for college graduates. We had expected highly-educated individuals to be 

less sensitive to housing prices due to their higher earnings potential.  This result may 

stem in part from moves by retirees to lower cost areas, as those who move upon 

retirement tend to be better educated than non movers. 

The results of the flows models are presented in Table 9.  The house-price 

coefficients are positive across the board, which indicates that lower destination prices 

are attractive to all educational groups.  Consistent with the net migration results, house-

price differentials appear to play an important role in the migration decisions of college 

graduates.  This house-price coefficient is significant at the 0.10 level for persons with 

bachelor’s degrees and at the 0.05 level for persons with graduate degrees.  Conversely, 

we find a relatively weak relationship between house price differentials and moves 

between large MSAs for non-college graduates.  Again, the lack of significance for these 
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groups may stem from our inability to capture moves to smaller metropolitan and non-

metropolitan areas.   

CONCLUSIONS 

 
Our results suggest that housing prices did not play an important role in explaining 

aggregate metropolitan net migration rates or migration flows between large MSAs 

during the period 1995 to 2000.  But more importantly, they provide strong evidence that 

the relationship between house prices and migration varies throughout the life course and 

with educational attainment.  While housing prices were not the strongest determinant of 

migration for any group, metropolitan housing price differentials do appear to have 

contributed to changes in regional population composition. 

Metropolitan areas with high housing prices were found to be attractive to young 

adults aged 15 to 24.  This is likely attributable to unspecified characteristics associated 

with expensive MSAs.  High housing prices depress net migration rates for young adults 

aged 25 to 34, which is consistent with growing demand for homeownership associated 

with family formation and income and equity constraints.  We also find that the influence 

of house prices wanes somewhat as individuals reach middle age, as rising incomes and 

wealth may alleviate the necessity of moving to lower cost MSAs.  The influence of 

house prices clearly strengthens as individuals enter retirement.  Moves away from 

expensive metropolitan areas may afford opportunities to retirees to cash out housing 

equity or to reduce property tax bills. 
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We also find that housing prices exert a somewhat greater influence on the 

migration patterns of college graduates than persons with lower levels of educational 

attainment.  Perhaps college graduates are more aware of geographically diverse 

opportunities and less constrained by moving costs, which may be paid by the employer.  

Conversely, the migration decisions of persons with low levels of educational attainment 

may be more motivated by idiosyncratic factors such as the location of family members.  

Their moves may also be more likely to lead to non-metropolitan areas. 

Our results have several important implications for regional growth and 

development.  First, the widening dispersion of metropolitan housing prices appears to be 

contributing to regional demographic change, which also has repercussions for regional 

economic competitiveness.  High housing costs may also affect the ability of expensive 

metropolitan areas to attract and retain the young and highly-educated workers that are 

essential to their economies.  Second, because housing prices are particularly important to 

retirees, we expect to see some shift in retirement migration patterns as traditional 

metropolitan destinations in Florida, Nevada, and Arizona have become relatively more 

expensive through time.  Finally, the influence of housing prices on migration patterns is 

likely to be magnified near cyclical housing-market peaks, as prices in the supply-

constrained coastal metropolitan areas and rapidly growing Sunbelt States are driven 

above their fundamental value due to inelastic supply and speculation.   

Several important issues remain to be addressed.  First, the relationship between 

house prices and migration should be examined throughout the entire housing-market 

cycle.  Second, greater insights could be gleaned through the use of data sets, such as 
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PUMS, that allow personal characteristics to be cross-tabulated.  The impact of house-

price appreciation on migration patterns should also be explored, as rapid appreciation 

may attract residents during the early phases of the housing-market cycle, while negative 

equity may depress movements during housing market corrections.  Finally, the joint 

determination of housing prices and migration should further explored.   
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Table 1.  Internal Metropolitan Migration Flows by Age:  1995 to 2000 

 

Age Total Moves to Moves to Percent Moves to

Cohort Movers Lower Price MSA Higher Price MSA Lower Price MSA

5_9 1543745 843798 699947 54.7

10_14 1218320 663468 554852 54.5

15_19 1495704 806344 689360 53.9

20_24 2778305 1357446 1420859 48.9

25_29 2857610 1327383 1530227 46.5

30_34 2313327 1176552 1136775 50.9

35_39 1961648 1039592 922056 53.0

40_44 1479554 794702 684852 53.7

45_49 1061282 570830 490452 53.8

50_54 834723 465060 369663 55.7

55_59 599912 352933 246979 58.8

60_64 448778 278875 169903 62.1

65_69 369905 232987 136918 63.0

70_74 280581 165203 115378 58.9

75_79 225101 124652 100449 55.4

80_84 171652 89440 82212 52.1

85 + 181033 90134 90899 49.8

Total 19821180 10379399 9441781 52.4  

 

Table 2.  Internal Metropolitan Migration Flows by Education:  1995 to 2000 

 

Education Total Moves to Moves to Percent Moves to

Level Movers Lower Price MSA Higher Price MSA Lower Price MSA

Less than HS 1426937 844222 582715 59.2

HS grad 2374137 1348364 1025773 56.8

Some college 3694413 1983318 1711095 53.7

Bachelor's 3338383 1594823 1743560 47.8

Graduate 1951236 937616 1013620 48.1

Total 12785106 6708343 6076763 52.5  
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Table 3.  Variable Descriptions 

 

Variable Description Source

ADJVAL Median Housing Value 3Q 1997 2000 Census, OFHEO

PTAX Per capita property tax collections 2000 Census

POP Population 2000 Census

RENT Median rent 1999 2000 Census

IMMIGRATE Proportion of residents who lived in foreign country 1995 2000 Census

UNEMPLOY Unemployment rate 2000 Census

MFG Proportion of employees engaged in manufacturing 2001 Census

INCOME Per capita income BEA

PRJOBS Places rated jobs score 1997 Places Rated Almanac

PRCLIMATE Places rated climate score 1997 Places Rated Almanac

PRCRIME Places rated crime score 1997 Places Rated Almanac

PRREC Places rated recreation score 1997 Places Rated Almanac

DIV Census Division (8) - East South Central is withheld 2000 Census  
 
 

Table 4.  Results:  Aggregate Net Migration Rate Model 

 
Beta T-stat Sig Beta T-stat

(Constant) -0.04 0.04 -0.96 0.34

ADJVAL 0.00 0.00 -0.12 -0.88 0.38

INCOME 0.00 0.00 -0.16 -1.59 0.11

IMMIGRATE -0.59 0.25 -0.20 -2.35 0.02

RENT 0.00 0.00 0.50 2.87 0.00

MFG -0.11 0.06 -0.13 -1.93 0.05

POPULATION 0.00 0.00 -0.21 -3.26 0.00

PRCLIMATE 0.00 0.00 0.43 3.50 0.00

PRCRIME 0.00 0.00 0.18 2.52 0.01

PRJOBS 0.00 0.00 0.34 4.51 0.00

PRREC 0.00 0.00 -0.16 -2.44 0.02

PTAX 0.00 0.00 0.02 0.29 0.77

UNEMPLOY -0.55 0.21 -0.26 -2.60 0.01

ESC 0.00 0.01 0.01 0.14 0.89

M 0.00 0.01 -0.03 -0.38 0.71

MA -0.01 0.01 -0.09 -1.41 0.16

NE 0.01 0.01 0.02 0.40 0.69

P -0.03 0.02 -0.24 -1.98 0.05

SA 0.00 0.01 0.04 0.40 0.69

WNC 0.01 0.01 0.04 0.67 0.50

WSC -0.02 0.01 -0.20 -2.09 0.04

N = 232

Adj R² = 0.45

Std. Error = 0.03  
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Table 5.  Results:  Aggregate MSA-to-MSA Flows Model 

 
Beta T-stat Sig Beta T-stat

(Constant) -10.12 0.40 -25.24 0.00

DISTANCE -0.89 0.02 -0.51 -51.44 0.00

OPOPDPOP 0.99 0.01 0.79 87.97 0.00

ADJVAL 0.08 0.11 0.02 0.79 0.43

PTAX 0.02 0.04 0.01 0.45 0.66

UNEMPLOY 0.24 0.07 0.05 3.32 0.00

POPULATION 0.01 0.02 0.01 0.59 0.56

MFG -0.09 0.03 -0.04 -2.76 0.01

PRJOBS -0.25 0.06 -0.10 -4.41 0.00

PRCRIME 0.02 0.01 0.03 1.98 0.05

RENT -0.11 0.19 -0.02 -0.60 0.55

PRREC 0.15 0.05 0.04 2.80 0.01

PRCLIMATE -0.17 0.04 -0.09 -3.89 0.00

INCOME -0.10 0.14 -0.01 -0.71 0.48

IMMIGRATE 0.03 0.05 0.01 0.57 0.57

N = 2449

Adj R² = 0.83

Std. Error = 0.55  
 
 
Table 6.  Results:  Age-disaggregated Net Migration Models 

 
 

R² Adj R² Std Err Beta T-stat Sig

All 0.49 0.45 0.03 -0.12 -0.88 0.38

5_9 0.40 0.34 0.04 -0.22 -1.48 0.14

10_14 0.45 0.40 0.03 -0.24 -1.66 0.10

15_19 0.33 0.27 0.09 0.42 2.61 0.01

20_24 0.38 0.33 0.14 0.31 2.00 0.05

25_29 0.46 0.40 0.13 -0.39 -2.68 0.01

30_34 0.46 0.41 0.06 -0.48 -3.33 0.00

35_39 0.42 0.37 0.04 -0.20 -1.34 0.18

40_44 0.44 0.39 0.03 -0.14 -0.95 0.34

45_49 0.49 0.44 0.03 -0.12 -0.84 0.40

50_54 0.50 0.45 0.03 -0.23 -1.70 0.09

55_59 0.54 0.50 0.04 -0.26 -1.99 0.05

60_64 0.55 0.51 0.05 -0.34 -2.57 0.01

65_69 0.59 0.56 0.04 -0.35 -2.79 0.01

70_74 0.50 0.45 0.03 -0.37 -2.66 0.01

75_79 0.39 0.34 0.02 -0.44 -2.90 0.00

80_84 0.31 0.25 0.03 0.15 0.93 0.35

85 + 0.21 0.14 0.05 0.02 0.10 0.92

N=232

House-price CoefficientsSummary Statistics
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Table 7.  Results:  Age-disaggregated Migration Flows Models 

 

N R² Adj R² Std Err Beta T-stat Sig

5 to 14 2423 0.77 0.76 0.64 0.06 1.81 0.07

15 to 24 2442 0.79 0.79 0.65 -0.10 -3.12 0.00

25 to 34 2445 0.81 0.80 0.61 0.01 0.44 0.66

35 to 59 2446 0.81 0.80 0.58 0.05 1.68 0.09

60 to 79 2264 0.62 0.61 0.89 0.11 2.43 0.02

Summary Statistics House-price Coefficients

 
 
 

Table 8.  Results:  Education-disaggregated Net Migration Models 
 

R² Adj R² Std Err Beta T-stat Sig

Less than HS 0.29 0.23 0.03 -0.41 -2.48 0.01

HS grad 0.38 0.32 0.03 -0.26 -1.67 0.10

Some college 0.45 0.40 0.04 -0.07 -0.52 0.61

Bachelor's 0.43 0.38 0.10 -0.39 -2.64 0.01

Graduate 0.45 0.40 0.07 -0.38 -2.66 0.01

N=232

Summary Statistics House-price Coefficients

 
 
 
Table 9.  Results:  Education-disaggregated Flows Models 

 

N R² Adj R² Std Err Beta T-stat Sig

Less than HS 2282 0.64 0.64 0.87 0.02 0.39 0.70

HS grad 2398 0.68 0.68 0.78 0.05 1.31 0.19

Some college 2441 0.76 0.76 0.66 0.02 0.52 0.60

Bachelor's 2438 0.81 0.80 0.61 0.05 1.68 0.09

Graduate 2410 0.79 0.79 0.64 0.07 2.10 0.04

House-price CoefficientsSummary Statistics

 
 
 
 

 


