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Abstract.  

Intellectual appeal and simplicity of use has led to the widespread application of the spatial 

hedonic model in assessing regional quality of life.  Yet, the traditional spatial hedonic approach 

contains numerous assumptions, which typically are untested.  Violation of the assumptions in 

practice can lead to significantly biased estimates of regional quality of life.  More sophisticated 

econometric approaches have been developed to reduce the biases.  However, each approach 

typically only addresses one or two of the concerns.  More promising, is the use of structural 

models, which by design have the potential to overcome all the limitations of the spatial hedonic 

approach.  
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1. INTRODUCTION 

Regional quality of life (QOL) typically has been assessed using the Rosen-Roback spatial 

hedonic framework (e.g., Blomquist, Berger and Hoehn, 1988; Gabriel, Mattey and Washer, 

2003; Albouy, 2008).  Besides QOL applications in the United States, the spatial hedonic 

approach has been applied to assess QOL in European regions and cities (Buettner and Ebertz, 

2009; Brambilla, Michelangeli and Peluso, 2013), Russian cities (Berger, Blomquist and Peter, 

2008), and Chinese cities (Zheng, Fu and Liu, 2009; Zheng, Kahn and Liu, 2010, Zheng, Kahn 

and Sun, 2014).  The spatial hedonic approach likewise has been used to assess the quality of 

regional business environments (Beeson and Eberts, 1989; Gabriel and Rosenthal, 2004; and 

Chen and Rosenthal, 2008). 

Studies generally have found QOL differences to be related to a multitude of regional 

differentials in both natural and man-made household amenity characteristics.  Among them, 

Blomquist, Berger and Hoehn (1988) found QOL for U.S. metropolitan areas to be inversely 

related to humidity, cooling days, heating days, wind, violent crime and pollution, while 

positively related to sunshine and the teacher-pupil ratio.  Similarly, for U.S. states, Gabriel, 

Mattey and Washer (2003) found positive values for sunshine and inland water, while finding 

negative values for pollution, heating days, cooling days and wind.  For Russia, Berger, 

Blomquist and Peter (2008) found negative values for heating degree days, water pollution and 

crime, and positive values for home phone lines.  Sunshine, forest cover, and water areas 

likewise were linked to higher quality of life in German counties, while industrial emissions and 

crime lowered quality of life (Buettner and Ebertz, 2009).  Studies also have found a willingness 

to pay for lower pollution in China (Zheng, Fu and Liu, 2009; Zheng, Kahn and Liu, 2010). 
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Other applications of the spatial hedonic framework include amenity-adjusting teacher 

salaries (Stoddard, 2005), and estimating effects related to climate change such as temperature 

(Maddison and Bigano, 2003; Rehdanz, 2006; Rehdanz and Maddison, 2009), flooding (Daniel, 

Florax and Rietveld, 2009; Veronesi et al., 2014), water-related amenities (Larson and Perrings, 

2013), wildfires (Mueller, Loomis and Gonzalez-Caban, 2009), recreation (Bustic, Hanak and 

Valletta, 2011), and coastal values (Gopalakrishnan et al., 2011).  The approach has similarly 

been used to examine growth-amenity feedback effects (e.g., pollution, traffic congestion) 

(Gabriel, Mattey and Washer, 2003; Rickman and Rickman, 2011).   

In the typical spatial hedonic application, estimated reduced-form empirical equations of 

quality-adjusted wages and land rents are used to produce QOL estimates.  Assuming spatial 

equilibrium, QOL estimates are obtained as the inverse of regional real wage rates, with land 

rents serving as either the sole or primary regional price differential.  The assumptions of the 

spatial hedonic approach, however, may cause significant biases in estimates of the economic 

values of site characteristics. 

Importantly, the assumption of spatial equilibrium likely only weakly holds, even for the U.S. 

(Partridge et al., forthcoming).  The spatial equilibrium assumption is yet more questionable for 

developing economies such as China with its hukou system (Zheng et al., 2014).  Other issues 

inherent in the standard spatial hedonic methodology include: sorting of people based on 

unobservables; endogeneity of QOL attributes, and correlation of QOL attributes with housing 

supply elasticities. 

A number of studies have attempted to address the limitations of the standard spatial hedonic 

approach.  Some studies have employed instrumental variables estimation to account for 

endogeneity of amenity attributes and factor prices that may be caused by omitted common 
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shocks (Bayer, Keohane and Timmins, 2009; Luechinger, 2009; Gopalakrishnan et al., 2011; 

Zheng et al., 2014).  Other studies have accounted for sorting by examining subgroups (e.g., 

healthcare workers in Lee, 2010).  However, these approaches only partly address the limitations.   

An alternative approach that potentially can overcome all the limitations of the reduced-form 

spatial hedonic approach is structural modeling.  In the structural modeling approach: sorting can 

be modeled; QOL enters exogenously; restrictions on labor mobility can be incorporated; and 

housing supply elasticity is incorporated explicitly.  Structural models can be made to match 

empirical outcomes of key variables in calibrating the model to historical data.  At a minimum, 

structural models can be used to examine the sensitivity of regional QOL estimates to spatial 

hedonic model assumptions; structural models can reveal which assumptions are critical to 

obtaining accurate QOL estimates.  At best, structural models may produce improved QOL 

estimates.  Therefore, I argue that much more research is needed on using structural models for 

assessing regional quality of life. 

2. SPATIAL HEDONIC MODEL 

The spatial hedonic model presentation most commonly cited is that by Roback (1982), 

which follows from the work of Rosen (1974).  In that model, there is a representative household 

(h) that maximizes U
i
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i
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h

i
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i
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 denotes residential land, and s represents site characteristics, including area quality-of-life 

(QOL) attributes, both  natural (e.g., weather) and man-made (e.g., those related to urban 

agglomeration and congestion).  Because of perfect mobility of households, each supplying a 

unit of labor, indirect utility is assumed equal to V across regions in continuous spatial 
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A representative firm (f) produces the composite traded good X, with constant-returns-to-

scale in terms of labor and land in production: X(T
f

i
, L

i
│s

i
), where T

f

 is land used in production 

of the traded good, L is the units of labor, and s operates as a cost shifter.  Perfectly mobile firms 

equalize indirect costs (C) across locations, which is normalized to unity: C(w
i
, r

i
│s

i
)=1.  Non-

traded goods can be added to the model (Blomquist, Berger and Hoehn, 1988; Beeson and 

Eberts, 1989; Albouy, 2008), but because of the historical absence of government regional price 

data on non-housing non-traded goods they routinely are omitted from the analysis.  Other 

modifications can be made such as incorporating taxes and public good provision (Gyourko and 

Tracy, 1991; Albouy, 2008). 

Using Roy’s Identity, the amenity price (Ps
*
) can be shown to equal the following: Ps

*
 = 

(Vs/Vw)=T
h
(dr/ds)-(dw/ds), where dr, dw and ds are regional land rent, wage and amenity 

differentials (Roback, 1982; Beeson and Eberts, 1989).  The inverse of the real wage, with land 

as the only regional price differential to households, reveals the value of area amenities to 

households.  Assuming spatial equilibrium, differences in wages versus rents are interpreted to 

serve as compensation for differences in household attractiveness of site characteristics. 

Empirically, quality-adjusted wages and land rents are required to compute the amenity 

prices.  Land rents can be derived from estimated quality-adjusted housing costs.  After 

substituting the quality-adjusted prices into the amenity price expression, amenity prices can then 

be regressed on area QOL attributes.  

However, the above explicitly and implicitly contains a number of assumptions.  For one, if 

households are not fully mobile, amenity values will not be fully compensated into wages and 

rents (Bayer, Keohane and Timmins, 2009; Zheng et al., 2014).  Wages will not be driven 
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downwards (upwards) or land rents upwards (downwards) sufficiently in areas with high (low) 

levels of household amenities for full compensation.  

Secondly, the approach assumes that all relevant quality attributes of workers have been 

accounted for in the reduced-form wage regression.  If there is sorting of workers based on 

unobservable characteristics, the amenity prices estimates may be biased.  For example, if 

workers with unobserved highly productive characteristics sort into areas with high amenities, 

amenity values will be understated.  Wages will be higher because of the unobservable 

productive characteristics, incorrectly suggesting lower amenity attractiveness of the area 

(Zheng, Kahn and Liu, 2010).   

Thirdly, QOL is assumed exogenous. Yet, there may be unobserved shocks that are common 

to both factor prices and endogenous amenities (Bayer, Keohane and Timmins, 2009), causing 

estimated QOL estimates to be biased.  Many QOL amenity attributes likely vary with the level 

of economic activity; e.g., pollution, crime, commuting times.   

Fourthly, the above approach implicitly assumes a geographically-uniform housing supply 

elasticity.  Yet, differences in housing supply elasticities across areas have been well-documented 

(Glaeser, Gyourko and Saiz, 2008).  Biased amenity price estimates result if housing supply 

elasticities are correlated with household-amenity attributes, (Krupka and Donaldson, 2013).  For 

example, if amenity attributes are negatively related to the elasticity of housing supply, such as 

from coastal location with mountainous surrounding terrain (Gyourko, Mayer and Sinai, 2013), 

amenity prices would be overstated. 

3. EMPIRICAL EVIDENCE ON THE SPATIAL EQUILIBRIUM ASSUMPTION 

Partridge et al. (forthcoming) reviewed the evidence on whether spatial equilibrium holds.  

They surveyed various relevant strains of the literature, ranging from subjective survey evidence 
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on household utility to sophisticated time-series studies of regional labor market outcomes.  

Overall, they concluded that the vast majority of the evidence, even for the United States, 

suggests that spatial equilibrium at best only weakly holds. 

Firstly, they reviewed the survey evidence on utility equalization across the United States.  

Using the General Social Survey, Glaeser and Gottlieb (2008) found that across U.S. 

metropolitan areas, reported happiness was unrelated to income per capita, though there were 

large differences in reported happiness across areas; this supports the weak form of spatial 

equilibrium, but not the strong form.  Using self-reported responses from surveys conducted by 

the U.S. Center for Disease Control as part of the Behavioral Risk Factor Surveillance System, 

Oswald and Wu (2011) did not find any significant correlation between self-reported life-

satisfaction and GDP per capita, which is supportive of the weak form of spatial equilibrium.  

The strong form was rejected because significant differences existed across the states. 

Secondly, Partridge et al. (forthcoming) reviewed the econometric evidence on utility 

equalization in the United States.  Among the studies, based on the residuals of hedonic 

estimation, Clark et al. (2003) found that there was net migration towards areas where there is 

estimated over-compensation and away from areas where there is under-compensation.  This 

weakly supports spatial equilibrium, though the strong form is rejected by the existence of 

over/under compensation.  Bayer, Keohane and Timmins (2009) found that environmental 

amenities were not fully capitalized into factors prices because of labor mobility costs: 

household ties to the area and home ownership led hedonic analysis to undervalue environmental 

amenities.  In a study not examined by Partridge et al. (forthcoming), Luechinger (2009) found 

that SO2 emissions in Germany were far from fully compensated, where mobility costs were 

suggested as a primary reason.  In a migration study of U.S. states, Greenwood et al. (1991) also 
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found that the assumption of spatial equilibrium caused understatement of the equilibrium values 

of compensating differentials.  

Because spatial equilibrium implies that real wages are equalized across regions, 

controlling for amenities, another way to assess spatial equilibrium is to test whether the wage-

price elasticity equals unity.  A value of unity suggests that (controlling for amenity differences) 

real wages are equalized across regions, which is consistent with perfect regional labor mobility.  

The early literature reached varying conclusions (Roback, 1988; DuMond, Hirsch and 

Macpherson, 1999).  More recently, Winters (2009) found that using instrumental variables 

estimation and housing rents rather than house prices, a wage-price elasticity of unity cannot be 

rejected, supporting the strong form of spatial equilibrium.  

Partridge et al. (forthcoming) also reviewed the evidence obtained from application of 

partial adjustment models.  Partial adjustment models test the speed of re-equilibration of the 

regional economy to exogenous shocks.  Their review of econometrically-estimated partial 

adjustment models suggested that labor markets work to reduce the differentials over periods of 

several years to decades, only weakly supporting the spatial equilibrium hypothesis.  They also 

examined the time-series evidence, including that obtained from application of the newer 

generation of time-series techniques.  Generally, they reported evidence of unit roots in regional 

labor market outcomes such as the unemployment rate, indicating permanent effects in regional 

labor market outcomes following exogenous shocks and an absence of spatial equilibrium.  

Where unit roots were rejected, studies typically reported high persistence in regional labor 

market differentials in response to exogenous shocks.   
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4. ECONOMETRIC APPROACHES TO ADDRESSING VIOLATION OF SPATIAL 

HEDONIC ASSUMPTIONS 

 

One alternative to the traditional spatial hedonic approach is to directly model the 

location decisions of households and indirectly estimate the indirect utility functions based on 

their location choices (Timmins, 2007; Bayer, Keohane and Timmins, 2009).  The approach 

relaxes the representative agent assumption, allowing for idiosyncratic tastes related to education 

and place of birth, which controls for sorting based on these characteristics.  In addition, 

imperfect mobility is allowed by incorporating moving costs into the location decision, which 

facilitates estimating the full values of household amenities.  Finally, the approach does not rely 

on marginal relationships, in contrast to the traditional spatial hedonic approach, which may be 

particularly applicable in developing countries that often possess non-marginal differences in 

quality of life (Timmins, 2007).   

The Bayer, Keohane and Timmins (2009) study also addressed the issue of endogeneity 

of pollution, which arises if local air quality is correlated with unobserved economic factors that 

also influence factor prices.  The study used pollution that blows in with the winds from distant 

sources as an instrument for local pollution.  Use of instrumental variables more than doubled the 

marginal valuation of pollution in both the hedonic and the migration approaches.  Accounting 

for sorting and moving costs had even more dramatic effects on the estimated value of clean air. 

In a study of Chinese cities, Zheng et al. (2014) likewise used cross-border air pollution 

externalities as an instrument to estimate effect of local pollution on housing prices.  They found 

the value of clean air to be greater in richer Chinese cities.  Consistent with Bayer, Keohane and 

Timmins (2009), they also found clean air to be more fully capitalized into housing prices where 

the hukou barrier to labor migration had been phased out.   
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Luechinger (2009) used a natural experiment created by stricter environmental 

regulations and wind directions to instrument for a region’s own SO2 emissions in Germany.   A 

much larger utility value for lower emissions was found using panel instrumental variables 

estimation and reported life satisfaction levels, though the difference between the panel and OLS 

estimates was not statistically significant.  Empirical examination of housing rent differences and 

SO2 emissions produced an OLS estimate that was negative and statistically significant and a 

statistically insignificant instrumental variables estimate.  

Another study addressing amenity attribute endogeneity is Gopalakrishnan et al. (2011) 

in their valuation of ocean beach width.  The study used physical variation in the coast to 

instrument for beach width, finding IV estimates nearly five times larger than OLS estimates.  

The IV estimates were then used to estimate the dynamic benefits of beach nourishment in a 

structural model.  

In an attempt to address sorting of households into urban areas, Lee (2010) examined a 

subgroup of households, namely healthcare workers.  Subgroups were assumed not to affect 

overall wages or housing costs, avoiding direct endogeneity.  Lee found that doctors from better 

medical schools, as measured by the average MCAT score, located in larger urban areas, which 

was argued to derive from greater demand for urban amenities.  If such an attribute was 

unmeasured, the spatial hedonic approach would imply that larger urban areas were unattractive 

to healthcare workers.  The approach of Lee (2010) could be used to examine potential sorting on 

other amenity attributes such as pollution and natural amenities. 

Partridge and Rickman (2003; 2006; 2009) constructed regional structural vector 

autoregression (SVAR) models, which were then used to estimate shocks to quality of life (QOL) 

and the subsequent dynamic responses, while allowing for imperfect short-run and long-run 
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regional labor market adjustments.  Rather than cross-sectional assumptions on real wage 

differences, identification of QOL effects in the SVARs was achieved through long-run 

restrictions on impulse response functions.  The approach also allowed for estimation of the 

contribution of QOL shocks to employment, population and wage growth in SVAR variance 

decomposition analysis. 

Although the above studies addressed some of the limitations of the spatial hedonic 

approach, no single study addressed all the limitations together.  All the studies ignored potential 

differences in housing supply elasticities.  This suggests the need for structural models that can 

address all limitations simultaneously by design. 

5. STRUCTURAL MODELS TO ADDRESS VIOLATION OF SPATIAL HEDONIC 

ASSUMPTIONS 

 

Following their uses in macroeconomics, structural models are increasingly used for regional 

and urban analysis (Rickman, 2010).  Advantages of structural models for evaluating regional 

QOL include the ability to exogenously shock amenity attractiveness, controlling for and/or 

simulating the effect of sorting of higher ability workers, varying labor mobility and/or the 

elasticity of housing supply, and varying preferences for amenities.  Although it is well known 

that predictions of structural models are conditioned on the specification of the model, the 

assumptions of structural models are explicit, rather than implicit, as in reduced-form hedonic 

estimation, and increasingly structural models are empirically-based or validated.  

 Rappaport (2009) constructed a simple general equilibrium model characterized by 

broad-based technological progress in traded good production (raising wages) that was able to 

explain much of the observed faster growth of U.S. high-amenity metro areas.  Akin to 

computable general equilibrium models (Partridge and Rickman, 1998; 2010), Rappaport’s 

model contains specific functional forms for household and firm behavior and was numerically 
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simulated.  He calculated a series of static equilibria to capture the growth dimension to amenity 

consumption.  Use of the same framework in his previous work with a static model suggested 

that an observed 20-fold population density difference between the second most dense and least 

dense U.S. metropolitan areas can be supported by a difference in consumption amenities valued 

at 30% of average consumption, a value supported by spatial hedonic studies (Rappaport, 2008).   

In Rappaport (2009), there was gradual rising productivity everywhere and 

complementarity between goods and amenity consumption.  There is a city economy with a 

higher amenity level and a national benchmark economy.  Preferences are homothetic, but 

amenities are not a luxury good.  Increased demand for amenities led to in-migration, putting 

significantly upward pressure on land prices, and moderate pressure on housing prices; housing 

expenditures only rose slightly because of a relative decline in consumption of housing.  The 

importance of various elasticities in the growth predictions were examined, where Rappaport 

found that the results generally were robust, except to the elasticity of substitution of amenity 

consumption.   

Yoon (2012) constructed a multi-sector dynamic spatial equilibrium model with 

overlapping generations of individuals to examine the decline of the U.S. Rustbelt.   The model 

is more truly dynamic than Rappaport’s (2009) in that people’s expectations about future wages, 

rents, and mobility costs, are explicitly modeled, in which choices are age-specific.  There are 

two regions in the model, the Rust Belt and the remainder of the U.S.  Production is categorized 

as manufacturing, services, or housing.  Labor mobility costs were empirically-estimated, and 

were found to be higher for less-educated individuals.   

Yoon introduced shocks to preferences and to technology and simulated the responses 

over time, finding that the model fairly accurately predicted the declining Rustbelt shares of 
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output, employment and population over time.  Predictions of Rustbelt sectoral hourly wages and 

the composition of the workforce and population also fit actual outcomes well.  Yoon found that 

50 percent of the decline in the U.S. Rustbelt production share was attributable to the reduction 

in its location-specific advantage in the goods-producing sector (the most important factor), 

followed by increasing importance of services and then the rise of the college educated share of 

the labor force.  Mobility costs were found to widen welfare effects between individuals.  He 

also examined the welfare effects of alternative place-based policies. 

Desmet and Rossi-Hansberg (2013) constructed a multi-city model with monocentric 

cities to examine characteristics that lead to city size differentials for both the United States and 

China.  The characteristics were classified into three categories: efficiency, amenities, and 

excessive frictions.  Efficiency relates to total productivity in production, while amenities relates 

to the attractiveness of the city to households.  Excessive frictions are those related to congestion 

or a less efficient government that limit city size. 

The authors used aggregate data (2005-2008 for the U.S. and 2005 for China) and 

implications of urban theory to calibrate parameters of the model.  Amenities were calculated as 

residuals to produce the city sizes; the authors externally verified the estimated amenity 

attractiveness of cities using measures of natural amenities and urban attributes.  They compared 

estimates of efficiency to measures of wages and productivity, while also comparing their 

estimates of excessive frictions to common characteristics believed to be limiting city size.   The 

authors found that highly efficient cities have larger populations, but also larger frictions.  Larger 

median rents are found to be positively associated with household amenity-attractiveness of the 

city.   
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The fully calibrated model was then used to simulate the effects of differences in 

efficiency, amenities and excessive frictions on city size and household welfare.  Although large 

population effects were found for U.S. cities for each of the three categories of characteristics, 

small welfare gains were found for the U.S. from equalizing the characteristics across cities.  For 

example, East Coast cities would be larger with average amenities and West Coast cities smaller, 

but the overall gain in welfare would be small.  However, they found very large welfare effects 

for China.  One suggested difference is that the restrictions on labor mobility in China may cause 

its large cities to be too small. 

Behrens et al. (2012) developed a multi-city general equilibrium model with urban and 

trade frictions, where city sizes, productivity, and competition are all endogenous.  Using data for 

356 U.S. metropolitan statistical areas in 2007, they structurally estimated the model and 

conducted two counterfactual experiments taking into account all market and spatial equilibrium 

conditions.  They simulated a “world” with no spatial frictions and one with frictions, separately 

examining trade versus urban frictions.  The model was parameterized through calibration to 

actual data.   

Although not the primary purpose of the study, amenity measures for the cities were 

derived from spatial equilibrium conditions, reflecting a framework where geography matters as 

trade and urban frictions are explicitly taken into account; thus, they derived estimates reflecting 

both natural and unobserved amenities, which were both correlated with city size.  They found 

little correlation between technological possibilities and the two types of consumption amenities, 

consistent with empirical hedonic analysis.   

Paciorek (2013) constructed a structural model of the housing investment decision, where 

there are owners of undeveloped land.  Given exogenous demand shocks, Paciorek examined the 
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volatility and overall levels of housing prices.  A primary finding was that geographic constraints 

related to steepness of terrain and water proximity limit the supply of developable land and raise 

housing prices.  These factors also were correlated with the natural amenity attractiveness of the 

area, where one could not estimate the separate effects of amenities and housing supply elasticity 

on housing prices in reduced-form hedonic estimation.  The analysis provided insights into 

potential biases in hedonic estimation of QOL from correlation of natural amenities with the 

elasticity of land supply. 

Although not the primary purpose of the article, Moretti (2013) used a simple general 

equilibrium model of two cities and stylized facts to suggest that the observed declining urban 

wage premium for skill in the United States is mostly related to locally skill-biased technical 

requirements in large cities.  The higher nominal wages received are offset by a higher cost of 

living.  This contrasts with the hypothesis that urban amenities attract college graduates, with 

supply as the primary economic driver.  However, the stylized evidence is highly aggregated, 

suggesting the need for a more rigorous, disaggregated model. 

6. CONCLUSION 

 

The simplicity and ease of use of the spatial hedonic model has led to extensive and widely 

varying applications related to assessing regional quality of life.  However, the simplicity and 

ease of use comes at a cost.  The spatial hedonic approach contains numerous implicit, untested 

assumptions: perfect or nearly perfect labor mobility; no sorting of people based on 

unobservables; exogeneity of QOL attributes; and no correlation of QOL attributes with housing 

supply elasticities.  Violations of the assumptions in practice can lead to significantly biased 

estimates of regional QOL. 
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  A number of studies have attempted to overcome the limitations of the traditional spatial 

hedonic approach.  Firstly, several studies have used more sophisticated empirical designs and 

econometric methodology, including instrumental variables estimation and natural experiments.  

However, typically these only overcome one or two of the limitations.  Good instruments and 

natural experiments also are not always available for the issues of interest.  Secondly, and more 

promising, is that structural models have begun to be developed.  Structural models can serve 

both as substitutes and complements to existing econometric-based approaches.       

Structural models by design can address the issue of untested assumptions in traditional 

spatial hedonic estimation.  Although the predictions of structural models are affected by 

assumptions related to the structure of the regional economy, structural models increasingly are 

empirically-based or validated.  Akin to the debate on the use of input-output versus computable 

general equilibrium models (Partridge and Rickman, 1998; 2010), at least the assumptions of 

structural models are explicit and can be examined for their influence on model predictions.   

Structural models not only can be used as substitutes to traditional spatial hedonic analysis, they 

also can be used in complementary fashion to critically assess the likely accuracy of traditional 

spatial hedonic analysis in various settings.  The varied and important quality-of-life issues 

facing us in the future will require a multiplicity of approaches, where structural modeling 

should increasingly play a prominent role.   
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