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ABSTRACT

This paper develops cost of living (COL) indices that vary across space. While conventional
indices adjust for differences in prices, the cost of living defined here also reflects access to public
goods. This analysis relies on the structure of a residential sorting model to estimate the COL
index for each of 226 Metropolitan Statistical Areas (MSAs) in 1990 and 2000 in the United States.
Empirical results show significant differences in the cost of living across the spatial landscape. This
paper focuses on the Gini coefficient as a measure of inequality to demonstrate the distribution of
public goods across the population.



1 Introduction

Valuation of nonmarket amenities has been extensively researched due to the role of public goods in
welfare analysis and public policy. However, emphasis is generally placed on efficient levels, while
considerations of the distribution of public goods across the population often receive less attention.
Parallel to this issue is the fact that conventional economic analyses of distribution use only income
as the measured variable. While income can be adjusted to reflect market prices, such a measure
still overlooks other elements of welfare, namely public goods. This elicits the need for a broader
measure of welfare in distributional analyses. To overcome these two concerns, this research seeks
to construct spatially defined cost of living (COL) indices to determine a measure of welfare that
reflects income, market prices, and public goods. In a further analysis of COL indices, I examine
the distribution of such welfare across the population.

I employ a residential sorting model, an extension of the random utility model (RUM), in
which individuals choose their residential location based on site specific amenities and labor market
conditions. Optimal decisions suggest values for public amenities associated with each location.
Estimation of consumer preferences then allows for calculation of the true cost of living, which
reflects consumption of both market and non-market goods. Thus, COL indices are constructed
from duality theory, rather than from aggregate price indices that are often inherently biased.
In addition, the sorting approach allows for simple empirical identification of both observed and
unobserved location amenities.

Throughout the analysis, moving costs play a considerable role. Individuals face monetary
and psychological costs of obtaining various bundles of goods across the landscape. Mechanically,
moving costs prevent full arbitrage of location amenities into housing and labor markets. Thus,
such costs are important to properly valuing location amenities (Bayer et al. (2009)). In addition,
they act to preserve significant differences in the cost of living between locations, sustaining an
equilibrium that is different from that often characterized in the literature.

With no mention of public goods, income inequality has gained considerable attention in recent
years and has amassed a significant presence in policy discussions and in the academic literature.
Piketty and Saez (2003) examines dynamics in the income distribution over the course of the twen-

tieth century in the United States. In particular, the authors document a growing level of income



inequality over the latter half of the twentieth century, as evidenced by a higher concentration of
income in the top income groups. Additional evidence of income inequality is offered by Heathcote
et al. (2010), which shows increasing wage inequality from 1967-2006. Both of these studies also
make note that income taxation in the United States has worked to somewhat alleviate the trend of
rising inequality. Building on the notion of post-tax income as more representative of an individu-
als’s standard of living, Armour et al. (2013) incorporates unrealized gains from asset appreciation
into a more extensive measure of income, and finds that inequality has not increased to the degree
suggested by the distribution of only realized income.

Given the growing literature on income inequality, the discussion may benefit from a better
definition of the unequally distributed asset. Public policy may be less concerned with the distri-
bution of income than with the distribution of a broader measure of the standard of living. Moretti
(2013) addresses this issue of measuring a broader measure of the standard of living by deflat-
ing nominal wages to reflect the cost of housing. While nominal wage inequality is evident from
1980-2000, real wage inequality is less drastic due to the fact that cities with higher wage earners
have also experienced a larger increase in housing prices. Thus increasing market prices counter
the trend in nominal wages. Coupled with evidence which suggests that higher housing prices are
the result of increases in labor demand, rather than labor supply shocks, the distribution of the
standard of living appears to exhibit a decrease in inequality over the time period of the study.
While Moretti (2013) illustrates changes in the distribution of the standard of living, the existence
of utility-generating public goods precludes it from identifying the actual level of inequality in the
standard of living.

A progression of interest in income inequality to interest in inequality of a more general mea-
sure of the standard of living serves as this paper’s primary empirical motivation. Distributional
issues relate to the fairness of the public provision of goods, in particular whether public amenities
disproportionately benefit different income groups. This is an obvious social concern that requires
empirical evidence. Development of true COL indices allow for calculation of an adjusted income
measure and precise characterization of the dispersion of welfare. This paper will develop spa-
tially explicit cost of living indices that demonstrate the degree to which access to public goods

exacerbates inequality in a consistent measure of the standard of living in the United States.



2 Quality Adjusted Cost of Living Indices

A cost of living (COL) index defines the relative cost of reaching a particular level of well-being. The
presence of different prices makes it more or less expensive to achieve some level of utility at different
times or in different locations. A theoretically consistent means of deriving a true COL index is
to take the ratio of two expenditure functions, in which the expenditure function gives the amount
of income necessary to reach a base level of utility. Given accurate measures of the cost of living,
it is possible to move beyond simple income measures and conduct a more complete examination
of a population’s well-being. Applications of COL indices may include analysis of welfare effects
over time as income changes at a rate different than that of the cost of living or across locations as
the cost of living may vary spatially. Conventional COL indices focus on measures that use market
prices and market expenditures. However, public goods may contribute a significant amount to
an individual’s well-being. Of course, the non-market nature of public goods makes it difficult to
observe prices and quantities of goods or even total expenditures. In the following, I briefly review
traditional COL indices and discuss attempts to create COL indices and well-being measures that
incorporate public goods.

Two common approximations of the true COL index are the Laspeyres index and the Paasche
index. Both of these measures calculate the ratio of price times quantity across a number of goods
in two regions with different prices, and assume that the same fixed basket of goods is purchased
in both regions. A fixed basket of goods is necessary to make a valid comparison. Summing total
expenditures is similar to calculating an expenditure function, but the requirement of a fixed basket
of goods does not capture optimal behavior on the part of the consumer. The indices differ in the
region that defines the fixed basket of consumption, and thus the region that defines base utility.
This assumption creates the problem of no substitution of goods in the presence of different prices,
and gives a biased estimate of the true cost of living. Since the reference level of utility differs,
the bias moves in opposite directions between the two indices. To correct for the bias, Fisher
(1922) introduced the Fisher ideal index, which takes the geometric mean of the Laspeyres and
Paasche index. Konus (1939) shows that under a homogeneous quadratic utility function the Fisher
index is the exact true COL. However, rather than imposing this restriction, direct estimation of

the expenditure function allows for calculation of the true COL index. Kakwani and Hill (2002)



estimate a variety of functional forms for an expenditure function and use parameterized functions
to calculate COL indices. In an application to Thailand, the authors develop indices that reflect
the spatial distribution of market prices.

Both Nordhaus (1999) and Banzhaf (2005) recognize the role of publicly provided goods, in
addition to market prices, in the cost of living. Nordhaus (1999) develops an “augmented” cost of
living index that deflates market expenditures to account for consumption of public goods. This
index can be derived from a conventional index with a correction based on the level of public
good spending relative to total consumption spending. Since public goods are implicitly purchased
through higher market prices, the adjustment reflects the true market prices that consumers face.
In the empirical application, public good consumption is calculated as the sum of social insurance
taxes, employer provided goods, indirect business taxes, and mandated social regulations. This
calculation is then used to measure the inflation rate once public good consumption is accounted
for. Results show an upward bias in the traditional measure of inflation, change in the Consumer
Price Index, of 19% from 1960 to 1997, an average of 0.47 percentage points per year. While
the analysis focuses on national accounts rather than any notion of geographic variation in public
goods, it highlights the degree to which public goods influence the cost of living.

Banzhaf (2005) provides two approaches to incorporate public goods in the cost of living. The
first approach involves estimation of virtual prices of public goods. Combined with changes in
public good levels, these prices reflect consumption of the public good and are used to correct price
indices based only on market consumption. The second technique is based on the assumption that
public goods are weak complements to some market goods (housing in this case). Similar to the
approach in Nordhaus (1999), this approach estimates a new price of market consumption that
reflects the true cost of achieving a reference level of utility. Public goods of interest include air
quality, teacher-student ratio, and public safety in Los Angeles from 1989 to 1994. Results from the
first approach show that incorporating public goods into the Bureau of Labor Statistics Los Angeles
Consumer Price Index reduces the index by 0.4 and 0.3 percentage points, respectively, in the first
two years where LA saw improving air quality and education. The adjusted index in the second
approach suggests similar effects, with a reduction of 0.3 and 0.2 percentage points in the first two
years, and a total reduction of 0.1 percentage points over the final three years. This study, although

focused only a few public goods, further indicates the significant impact of including public goods



in COL indices.

A related literature attempts to directly calculate a measure deemed as “quality of life” that
reflects public good provision. The empirical approach uses wage and housing price differentials.
The intuition is similar, as individuals trade off income and housing expenditures to gain access to
public goods in a particular location. Blomquist et al. (1988) estimate wage and housing hedonic
equations to attain implicit prices for public goods. Quality of life is then calculated as the sum of
the value of all public goods, in which value is simply marginal price times quantity. This study
assumes that all individuals have identical preferences and earning potential. Empirical estimates
show significant impacts of public goods on housing prices and wages. This framework is also used
for quality of life calculations in Albouy (2012), which measures differences across U.S. cities. Kahn
(1995) employs a similar hedonic analysis, but only defines quality of life in terms of its rank order,
rather than a cardinal measure. Lower wages and higher housing prices imply that a location has
a higher quality of life as individuals arbitrage away money for public goods.

Several problems are inherent in the previous papers in determining quality of life. First, wages
and income are fully arbitraged. However, in a geographic choice set that includes cities across the
United States, there are likely to be significant moving costs. Therefore, the value of a location’s
public goods may not be fully reflected in wages and housing prices. A second, related matter
is that in deriving equilibrium conditions, these studies also assume that each individual achieves
the same level of utility. Exogenously determined origin locations and significant moving costs
generally prevent such an outcome. By formally modeling moving costs, better estimates of the
value of public goods can be obtained. Finally, the notion of quality of life in the previous studies
refers to a measure of only the level of public goods. In the current analysis, the focus is on both
public goods and consumption of market goods. Thus the measure of well-being developed in this
paper will indicate the combined effect of wages, market prices, and public goods.

Following an expenditure function approach, Timmins (2006) uses a residential sorting model
to estimate the parameters of a utility function that depends on consumption, housing, location
attributes and moving costs. Preferences for such variables vary with individual characteristics.
An expenditure function is then derived from the indirect utility function. The ratio of a location
and individual type specific expenditure function to an area weighted average expenditure function

gives the true COL index for a each of the 495 locations. When these indices are applied to the



observed income distribution of Brazil, results suggest a higher degree of inequality. In what follows,
I adopt this method of deriving COL indices.! Building upon the work of Nordhaus (1999) and
Banzhaf (2005) that observed prices are an imperfect signal, this paper focuses on adjustments to

real income measures based on spatial variation in the cost of living.

3 Theoretical Framework

As discussed above, COL indices can be derived directly from expenditure functions. While there
exist well-behaved expenditure functions that can be directly specified and estimated given proper
data, the lack of prices for public goods makes such an approach difficult. Instead, I appeal to
duality theory to derive expenditure functions from indirect utility functions. The following sections
outline the structural framework from which COL indices are calculated and parameterized utility

functions, and thus expenditure functions, are obtained.

3.1 COL Indices

Define a conditional indirect utility function, V' =V (I, p,Y), where I denotes income, p is a set of
prices of private goods, and Y is an exogenously determined bundle of attributes. The inclusion
of Y is due to the spatial nature of COL indices in this study and its role will become clearer in
the next section. An expenditure function is obtained by inverting the indirect utility function to

isolate I,

I=E(V,pY), (1)

which then defines the amount of income required to reach utility level V| given prices p and
attributes Y. While expenditure functions are based on arbitrary values of V', much can be learned
from making comparisons of E(-) at different levels of p and/or Y, while holding V' constant. For
conventional goods, cost of living (COL) indices are defined as a ratio with numerator equal to
the minimum income required for purchase of a particular bundle of goods that will leave utility
unchanged and denominator equal to a base income. In the context of a spatial model, COL indices
make this comparison across geographic locations and include publicly provided goods as elements

of the consumption bundle. Therefore, indices measure the necessary income to reach some utility



level in a location relative to the necessary income to reach that same utility level in a base location.
Define Ey(V) as the mean necessary income to reach V', where the mean is taken across the entire
sample of locations. The cost of living in location n is measured relative to the average cost of
living,

E(‘_/7 pn; Yn)

com:—iﬂvra (2)

For example, a COL index of 1.2 suggests that it is 20% more expensive to reach the baseline utility
level in location n, relative to the sample average. A consumer requires more income to reach V' in
n due to a different combination of p and Y. A COL index of 1 indicates that location n has an

average COL, which may result from any number of combinations of p and Y .2

3.2 Model Parameters

A location sorting model is employed to estimate the necessary parameters of the indirect util-
ity function related to individual preferences. The model discussed below is derived in detail in
Hamilton and Phaneuf (2015). For the empirical application, the geographic unit of analysis is
m, a metropolitan statistical area (MSA)3. Also note the use of k to define an individual type,
indicating heterogeneous preferences based on observed attributes. The model uses eight different
individual types based on educational attainment and the presence of children in the household?.

Define the indirect utility function for individual ¢ of type k in location m as

In Vip, = BrIn Ly, + By n Y, — MCipy — B In pY, + 7578 4+ ¢ + i (3)

where I;,,, denotes an individual’s income in location m, Y, is a vector of location-specific amenities
and public goods in m, and pY is the price of housing services in m that varies across locations
largely due to difference in location attributes Y. Moving costs for individual ¢ moving to location
m are indicated here by M Cj,,. Their exact definition is discussed below. Location unobservables
are denoted as (,,, comprised of any location amenities, such as cultural or historic amenities, that
may not be directly measured in Y,,,.% Individual idiosyncratic shocks are denoted as 7;,. These
shocks include any random and unobserved individual preferences for a specific location, such as a

personal connection to some particular MSA.



Location m is treated as a location with a particular level of public goods. Since an MSA can be
geographically large, there still exists some variation in amenities within m. Therefore, Y,,, denotes
the value of MSA averages amenities. In addition to this average level, I develop the term T'¥, for
each type-MSA combination, which is an aggregate of any variation in amenities that may exist
within location m. The I'¥, terms are estimates from a model of residential sorting that accounts for
sorting across MSAs and across smaller geographic units within MSAs. While cross-MSA sorting
captures the value of the average level of amenities in an MSA, within-MSA sorting captures the
value of variation in amenities within the MSA, or deviations from the average. Equation 3 thus
outlines an indirect utility function that includes utility gained from the average level of location
amenities in an MSA, as well as the utility gained from the choice of a smaller geographic location
within each MSA. These components are derived and discussed in greater detail in Hamilton (2012)
and Hamilton and Phaneuf (2015). Also, Hamilton and Phaneuf (2015) shows that equation (3)
is a theoretically consistent approach to estimating differences in the value of amenities across
MSAs and can be derived from a primal utility framework that satisfies the typical functional
restrictions on preferences. The model is estimated as a conditional logit following Bayer et al.
(2009) and Hamilton and Phaneuf (2015), resulting in the necessary parameters for computation
of expenditure functions. Finally, note that the I" ]fn parameters are indexed by k, which denotes a
preference type based on attributes of the individual. This is the only portion of the model that
explicitly considers preference heterogeneity. Such heterogeneity implies that expenditure functions
and COL indices will be type-specific.

The necessary parameters for COL calculation along with assumptions on preference heterogene-
ity allow for simplification of this equation. First, I assume homogeneous preferences for location
amenities and housing services. Also, analysis is not explicitly concerned with preference parame-
ters on specific attributes. Therefore, housing prices and mean preference parameters collapse into

a location-specific fixed effect. Estimation then relies on the following equation,

V2L =0 + Brin Ly — MCip + 7°TF + 1, (4)

O = By InY,, — By Inpl + G, m=1,.., M. (5)

10



Note that 6, is simply estimated as a fixed effect, which is all that is necessary for developing
expenditure functions.

The variable I, indicates the need for the potential earnings of all individuals in all locations.
Recall that each MSA is assumed to be a single labor market. Estimates from a regression of
observed income on individual characteristics are used to predict income across locations based on
location specific coefficients and an individual’s characteristics. A semi-parametric correction for
sorting in the labor market is proposed by Dahl (2002) and implemented in a residential sorting
model in Bayer et al. (2009). This method rests on the intuition that while unobserved location
attributes induce moves to labor markets, information regarding such sorting is captured by the
probability of an identical type individual making the observed move.

Estimation of the model also requires p),, the MSA-level price of housing services. I estimate
this MSA-specific price using a regression of observed home prices on attributes of the home. The
price of a home can be attributed to the structural attributes of the home, such as the number of
rooms and lot acreage, and the location of the home. I isolate these two impacts to find the price
of a homogeneous unit of housing services in each MSA. See Appendix A for a fuller discussion of
estimating potential income and the price housing services.

Finally, moving costs are characterized in a reduced form manner as a modified version of the
specification in Bayer et al. (2009). I model moving costs as a discrete cost of leaving one’s birth
state and birth region. In addition, I allow for variation in moving costs based on the presence of

children in a household, an obvious constraint to migration. For individual ¢ in MSA m,

MClip = pips D 4 11y DY + 0ps (DY x D) + 03, (DY x DY), (6)

where DY = 1 if MSA m is outside of individual i’s birth state and D" = 1 if MSA m is
outside of individual ¢’s birth region, with estimated coefficients pps and pp,.. Moving costs should
be interpreted generally here, including not simply the expenses of moving goods but also costs
related to searching for a new home. In addition, individual’s may tend to have preferences for an
original location, implying the broadest costs associated with being away from one’s birth place.
While this specification may miss some of the more direct expenses of moving, such as driving to

a city located 100 miles away relative to one located 50 miles away, it does account for moving
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costs in a broader sense. From the sample data, large percentages of individuals are observed living
in birth states (52.05% in 1990 and 50.54% in 2000) and in birth regions (59.75% in 1990 and
57.15% in 2000), suggesting preferences for home locations. Also note that a very general cost of
moving may be better estimated based on an individual’s previous location rather than her birth
location. However, the data are sparse with regard to previous locations. Additional components
of equation (6) interact D? and DY" with a dummy variable indicating an individual with children.
Thus DZ»C = 1 if there are children under the age of 18 living in the household of individual i.

Equation (3) defines utility for an individual in a specific location, m. Therefore, expenditure
functions express the required income for an individual to attain some level of utility in m. The
amount of income varies, of course, as housing prices p and location attributes Y vary across space.
The necessary level of income also varies with preferences since an individual’s ability to reach any
level of utility will depend on their preferences for different market and non-market goods. This
framework implies the overall cost of living of a location may be different for different individual
types. For the empirical framework, I define eight unique individual types, as discussed earlier.

Coefficient estimates on income, moving costs, and the index I'¥, in equation (4) using maximum
likelihood estimation are reported in Table Al. Parameters are highly significant and conform to
expected results. Recall that estimation includes alternative specific constants as well. These
alternative specific constants allow for measurement of the utility impact of a location’s set of
public goods. As expected, the level of public goods is positively correlated with the price of
housing services. Across the eight preference types, correlation ranges from 0.22 — 0.33 in 1990 and
from 0.20 — 0.30 in 2000. This correlation offers evidence for the capitalization of public goods into
housing prices. Locations with a high price of housing tend to have highly valued public goods,
indicating the importance of including public goods in addition to market prices in cost of living
indices.

Given a fully parameterized model, the indirect utility function implicitly defines an expenditure
function specific to each location and individual type k. The expenditure function for individual ¢
in MSA m is easily derived from the indirect utility function in (3) by fixing utility at level V and

solving for income, I;,, resulting in
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1 _
Iim = exp [51 (mv — 0% — MCyy, — TFTE — nm)] , (7)

where 051 combines observed and unobserved location amenities, but is estimated as a type-location
fixed-effect. This technique displays an additional benefit of the sorting model approach relative to
the hedonic approach, in that location unobservables are easily controlled for. Equation (7) defines

an individual-specific expenditure function that will be further discussed in subsequent sections.

3.3 Moving Costs and Cost of Living

An important advantage of sorting models relative to housing and wage hedonic functions is their
ability to account for the large spatial dimension of the choice set. The present model includes
MO, a variable that indicates the geographic distance between each choice alternative and the
individual’s starting location. Such a specification allows for a cost of moving, rather than assuming
a simple choice based only on the attributes of an alternative. Bayer et al. (2009) demonstrate the
implications for calculating the utility value derived from different site attributes using a hedonic
framework that ignores any cost to moving. In a hedonic model, the value of site amenities is
fully capitalized into housing costs and wages, and the amenity value is equal to the sum of the
compensating differentials from housing and income. However, if positive moving costs exist, there
is a third component contributing to the amenity value that captures the variation in the cost of
moving to each location. The effect of housing and wages alone will undervalue site amenities as
they ignore the additional cost of moving to a location to obtain the amenity.

In calculating adjusted income, the importance of accounting for moving costs to obtain proper
values for non-market goods is obvious. However, the existence of moving costs between alterna-
tives raises another issue in determining the cost of living. In particular, while moving costs are
imperative for accurately calculating amenity values, such costs should not be included in calcu-
lating an individual’s baseline cost of living. This approach implies that two identical individuals
in the same location face the same cost of living index, regardless of their original locations. Still,
a third identical individual may face a higher cost of living index in another location since positive
moving costs prevent her from choosing the location with a lower net-of-moving-costs cost of living.

Such a scenario underscores the impact that the spatial nature of public good provision has on the
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distribution of benefits.

Consider the case in which there are no moving costs. Then, individuals simply choose the
location with the optimal bundle of income, housing prices, and amenities. If any location offers
higher income, lower prices, and/or better amenities (i.e. lower cost of living), more individuals
will move to that location, driving down wages and increasing prices. The equilibrium result is
that all locations offer the same cost of living for identical individuals. The existence of moving
costs and the previous assumption, however, preclude such a result. An alternative location may
offer higher income, lower prices, and/or better amenities, but positive moving costs prevent an
individual from obtaining the bundle. Therefore, the individual is worse off in her current location
due to the inferior bundle of income, prices, and amenities.

As a thought experiment, assume two locations, A and B, where individual 1 begins in location
A and individual 2 begins in location B. An individual chooses A if U;4 > U;p and chooses B if
U;a < U;p. Assume that both locations offer the same income and price level, but B has better
amenities and that both individuals have identical preferences. Further assume that equilibrium
sorting results in individual 1 staying in A and individual 2 staying in B. Intuitively, it is easy to
see that individual 2 is better off than individual 1 due to higher amenity value of B. Individual
1 chooses to not move to the location with a lower cost of living due to constraints arising from
moving costs. From the structure of utility, individual 1’s decision allows us to assign a lower bound
to the cost of moving from A to B. However, to capture the idea that individual 1 is worse off,
moving costs are left out of the COL calculation. While moving costs serve as a necessary factor in
explaining the observed equilibrium, they are not a reasonable component in calculating the cost
of living in a particular location. Therefore, the derivation of the expenditure function is modified

to omit moving costs in the cost of living.

3.4 Cost of Living Calculation

Unobservable idiosyncratic shocks, 7;,,, make equation (7) individual specific. To calculate a type-
location expenditure function, I simulate draws of 1;,, from a Type-I Extreme Value distribution®
for every individual in each location. This calculation gives the average expenditure level required,
for each individual type, to reach V in each location. The necessity of an average in this instance is

due to the presence of heterogeneous preferences. Note that V is chosen to be the average calculated
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utility in the data set in 1990. I use the parameters of the indirect utility function, presented in
the Appendix, along with each individual’s observed income level to calculate their utility in their
optimal location. I then average this utility across all individuals to get V. For the index model in
which expenditure functions are type-specific, average utility V}, is calculated separately for each
type. The income required to reach V is averaged over the random idiosyncratic draws for each
type of individual in a location to get the value of the type-location expenditure function.
Regarding simulation of the idiosyncratic term 7;,,, random draws are taken conditional on
observed behavior. The optimal location choice reveals some information about the distribution
of the random term, namely that draws are values such that maximum utility is achieved in the

observed location,

‘/im + Nim > V;n + Nin Vn 7é m, (8)

where individual ¢ lives in MSA m. I follow von Haefen (2003) for the conditional simulation of 7.
The required expenditure to reach V in each location is calculated as the average across individuals
and across 1000 trials of the simulation.
After integrating over idiosyncratic shocks and removing moving costs, the expenditure function
for a type k individual in MSA m becomes
E* — exp {1 (an — O — kaﬁl)} . 9)
Br
A type-location COL index is defined as the ratio of the value of the expenditure function relative

to that of the same individual type in a base location,

Ek
COL}, = —2. (10)
EO

The term E{f denotes the mean expenditure necessary for a type k individual to reach V, in which
the mean is taken across MSAs. The COL index reflects whether the attributes of a location make
it more or less expensive to achieve some level of utility relative to the base location. The result is
an Mx1 vector of COL indices for each year in the price model for both moving cost specifications.

For the index models that include preference heterogeneity, there exists an Mx1 vector of COL

15



indices for each year and each type.

Beyond calculating such an index for each MSA, interest lies in the impact of particular ameni-
ties, such as air pollution, on the cost of living. This impact can be characterized by the correlation
between a location’s COL index and the utility impact of air pollution. Define PM,, as the level
of PM10 (particulate matter with a diameter of 10 micrometers or less) in MSA m. Then, the
relevant measure is the correlation between COLfn and PM,,. Since air pollution is a disamenity,
a positive correlation implies that a higher cost of living is driven by poor air quality. A negative
correlation implies locations with a high cost of living tend to have poor air quality, and thus the

high cost of achieving some level of well-being is a result of other attributes.

3.5 Adjusted Income

The COL indices derived above are used to deflate observed income. This works to adjust income
according to market prices and public goods. The resulting measure reflects an individual’s income
in the context of the price of housing, as in traditional COL indices, as well as the level of public

amenities available at a location:

I;

Adjusted income can inform us about two important features of the economy. The first is the
evolution in the standard of living over time. Standard economic analysis examines standards of
living by considering nominal income and prices to calculate real income. Such an approach focuses
on individuals’ ability to consume in private markets but does not account for their consumption of
public goods. Across two periods it is possible that real income declines but the actual well-being
of individuals may increase if public good consumption increases by a sufficient amount. This latter
notion of well-being may be a better measure.

The second question surrounds the distribution of adjusted income, particularly as it compares
to the distribution of observed real income. The distribution of observed income is of interest
insomuch as it conveys information about the distribution of standard of living throughout the
population. However, the general equilibrium theory that underlies residential sorting models

implies that differences in income, to some degree, reflect compensation for public goods and prices
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in private markets. It is therefore necessary to control for differences in location amenities and
housing prices to obtain what is arguably a better measure of the standard of living. This measure
is estimated as the adjusted income measure explained above. An examination of the distribution
of adjusted income relative to the distribution of observed income reveals the degree to which
public good provision alleviates or exacerbates inequalities in the standard of living. If empirical
results show a more equal distribution of adjusted income, then public goods serve to make up for
variation in real income across the population. Thus a portion of the inequality in income exists as
compensation for public amenities across locations, rather than differences in the overall standard
of living. For example, in an economy in which all individuals received the same compensation for
their production, income differences would be entirely due to compensation for spatial variation in
public goods and the distribution of adjusted income would reduce to a degenerate distribution.
However, if empirical results show higher inequality in the distribution of adjusted income, relative
to real income, we can take this as evidence that access to public goods increases inequalities in
the standard of living. In considering only real income in such a situation, the level of inequality
in the standard of living would be underestimated since higher income individuals also have access
to a superior set of public goods.

A final matter related to adjusted income that deserves attention is the impact of moving costs.
In the absence of moving costs, public amenities should be fully capitalized into labor and housing
markets, and any differences in the quality of locations will be arbitraged away. Of course in
the context of the earlier discussion surrounding the removal of moving costs from expenditure
functions, when costly migration is present individuals may be prevented from obtaining a lower
cost of living in a distant location. This feature of the sorting process drives a wedge between
expenditure functions for identical individuals so that location amenities are not entirely capitalized
into labor and housing markets. While moving costs may prevent some individuals from moving
to locations with a lower cost of living, moving costs will also shield particular individuals from
an influx of people that could drive up housing prices and drive down wages. To test this effect, 1
use a comparison of adjusted income calculated with and without moving costs in the expenditure
function. A more unequal distribution of adjusted income calculated without moving costs indicates
that the state of the geographic landscape results in disproportionately greater moving costs for

individuals that already have a lower standard of living. Such an outcome could be the result
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of public policy that has increased the set of public goods in already desirable locations and thus
disproportionately benefits those individuals at the higher end of the standard of living distribution.
Moving costs can be interpreted as transaction costs in obtaining welfare increasing consumption
bundles, and thus their impact may be of concern to policy.

Given the empirical focus on the inequality of particular distributions, the primary criterion used
to evaluate the equity of different distributions is the Gini coefficient, G, a measure of inequality
based on the cumulative distribution of some variable. Normalize income so that I; = In{ﬁ’ which
suggests an individual’s relative income. Assuming some parametric distribution, a fitted cdf
F(I~ ) = S represents the share of the population with relative income less than I. The inverse cdf,
F~Y(S), represents the level of relative income below which S percent of the population receive,

known as the Lorenz curve. The Gini coefficient can be calcuated as

G=1- 2/1 Fl(t)at (12)
0

If income is distributed equally among a population, F'~1(S) is a straight line whose integral over ¢ €
[0, 1] is equal to % Therefore, the Gini coefficient equals 0, indicating perfect equality. Conversely,
if all income is received by a single individual and I; = 0 for the remainder of the population, the
integral of the inverse cdf approaches 0. The resulting Gini coefficient is 1, suggesting the highest
degree of inequality.

I use a discrete approximation to (12) to calculate the Gini coefficient for both observed and
adjusted income. Due to the arbitrary scale of utility in the model, the Gini coefficient is calculated
for a sample of the entire population, as well as separately for each individual type. For the

distribution of income described by the vector I,

SIS L -

G —
2n2]

where n is the number of individuals and [ is mean income.
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4 Data

COL indices are calculated from a parameterized residential sorting model. The sorting model
requires income predictions, migration data, and observations of individuals living in MSAs. The
same data are used for calculation of expenditure fucntions. These data are obtained from the Inte-
grated Public Use Microdata Series (IPUMS), managed by the University of Minnesota. Datasets
for 1990 and 2000 include a 5% sample of census long form observations, identifying individuals in
their current MSAs as well as their birth and previous location. Variables also include income and
individual attributes that define type identification. Based on the availability of data and consis-
tency across years, a subset of 226 MSAs in the continental United States is chosen out of the full
set of 290 defined MSAs in 1990 and 301 MSAs in 2000. This subset covers 71% (171,413,984) of
the U.S. population in 1990 and 70% (190,474, 896) in 2000. Furthermore, the sample accounts for
91% and 86% of the nation’s urban population in 1990 and 2000, respectively. I restrict the sample
to only household heads between the ages of 23 and 40 in an attempt to capture mobile individuals
that are active participants in the housing and labor markets. Of course this also implies that
results and policy implications are conditional on the subset of the population from which the data
are drawn. After random sampling, the final sample includes 37,165 individuals for the year 2000
and 39,058 individuals for the year 1990, spanning the 226 MSAs. Appendix A further discusses

the data used to construct variables and estimate necessary parameters.

5 Variation in the Cost of Living Indices

There are several factors that contribute to variation across locations in COL indices. Consider
a simplified, though unrealistic, scenario in which moving costs and idiosyncratic preference dif-
ferences do not exist. In such a case, COL indices reflect only income differences for identical
occupations in different locations. A location with a high cost of living must offer indivdiuals
higher income. Otherwise, it is optimal to move to a location with a lower cost of living. This
follows directly from the theory of compensating differentials in the labor market. The aggregate
impact of amenities and market prices, that which is captured by COL indices, should be fully
arbitraged away in the labor market to reach a spatial equilibrium.

In terms of adjusted income, a location’s cost of living compensates for cross-location wage
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differences. Therefore, for a population of identical individuals, adjusted income will be equal
across the entire population. For a population with different earning power, COL indices will still
compensate lower wage earners within a particular ”skill group”; i.e. compensation is for geographic
differences in wages, rather than for wage differences due to factors such as education or occupation.
This causes the distribution of adjusted income to move closer to an equal distribution. In such a
case, the distribution of adjusted income reflects the distribution of earning power.

In the presence of costly migration, however, the arbitrage mechanism discussed above does not
operate to its fullest extent. The value of amenities and prices is not fully arbitraged through the
labor market since there is a discrete cost of obtaining any given bundle. Even if an alternative
location offers a lower cost of living and identical income, an individual may not take advantage
of the opportunity to move if the utility gain is less than the cost of moving. The impact of
moving costs generates further differences in COL indices across space, and thus in adjusted income.
The final impact is due to a combination of the spatial distribution of individual types (variation
in individuals’ earning power and cost of moving) relative to the spatial distribution of location
amenities. The effect of costly migration on the distribution of adjusted income will be further

discussed with the empirical results.

6 Empirical Results

6.1 COL Indices

In interpreting the results of COL indices, I concentrate exclusively on the spatial distribution
of public goods. The empirical framework is based on location decisions in a specific time period,
rather than choices across time, revealing relative values for location-specific amenities across cities.
Therefore, while it is tempting to study changes in the cost of living from 1990 to 2000, such an
analysis goes beyond the identifying assumptions of the model. To be able to make comparisons
over time, the individual’s utility function must be identical in both years. Such an assumption
implies that any unobservable scale of an individual’s utility is constant in both years. While
this paper does restrict utility to the degree that preference parameters on market goods and
location amenities are identical across time, this paper does not make this further restriction, as it

is differenced out in the cross-location empirical specification.
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Tables 1 and 2 report summary statistics for COL indices in 1990 and 2000. Since indices are
normalized with average cost of living as the base, rather than a particular location, all means are
equal to 1 and are omitted. The impact of public goods is most evident by ranking the MSAs
by COL looking at the MSAs with the highest and lowest COL indices. Since the model implies
type-specific COL indices, we have to look at 8 different sets of MSA rank orderings, one for each
preference type. However, in each year there are a few MSAs that show up consistently in the top
five highest and lowest COL indices, respectively, across all types. First, consider the MSAs with
the lowest COL indices. One can interpret low indices as indicating a desirable locations based
on the overall cost of living. Thus a location with a very strong set of public goods may in fact
have a high cost of living, and be deemed undesirable, if the price of housing is extremely high.
Alternatively, some locations may be desirable on the grounds on a low price of housing. Across
types, we see Danville, VA, Joplin, MO, Los Angeles, CA, and Phoenix, AZ in 1990 and Dothan,
AL, Fargo-Moorehad, ND/MN, Fort Smith, AR/OK, and Laredo, TX in 2000. Some of these
results are intuitive, as MSAs with very low market prices have a low cost of living. However, cities
such as Los Angeles, CA and Phoenix, AZ with high housing prices still have a low COL index due
to the set of location amenities they offer. Similar results hold for cities with high COL indices.
For 1990, we see cities such as Ann Arbor, MI, Danbury, CT, Santa Cruz, CA, and Youngstown-
Warren, OH/PA with very high costs of living. For 2000, Ann Arbor, MI, Danbury, CT, San Jose,
CA, San Francisco, CA, and Stamford, CT all consistently have high costs of living. Again there
is a mix of MSAs with high market prices and low market prices, indicating the importance of
location amenities in the COL calculation. More formally, the correlation coefficient for housing
prices and COL indices ranges across types between only 0.25 and 0.41 for 1990 and between 0.30
and 0.45 for 2000.

Also, recall that costly migration is omitted from calculation of COL indices for reasons dis-
cussed earlier. While index calculations that include moving costs are not reported here, I offer a
brief discussion of the differences in the results of the two methods. First, consider the range of
estimates. The 10% and 90% quantiles for COL indices across individual types for 1990 range from
.75 to .82 and 1.21 to 1.30. For 2000, these ranges are .72 to .78 and 1.19 to 1.28. Compare this to
results derived when moving costs are included. For 1990, the 10% and 90% quantiles are .80 to .85
and 1.20 to 1.23 respectively, and .75 to .81 and 1.16 to 1.20 for 2000. In general, the range of COL
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indices across MSAs becomes slightly smaller when moving costs are included in the index. This
is not surprising given the mechanism of residential sorting. In removing moving costs from the
COL calculation, I am removing a component of disutility. Thus, individuals in low-COL MSAs
are currently facing higher moving costs, presumably incurred to reach such locations. Similarly,
individuals in high-COL MSAs are currently facing relatively lower moving costs, having not in-
curred the same magnitude of costs to reach a low-COL location. Second, variation across types is
smaller once moving costs are included in the COL calculation. The mean (averaged across MSAs)
cross-type standard deviation in the COL index is .041 for 1990 and .040 for 2000. Compare this
to .027 for 1990 and .029 for 2000 when moving costs enter the calculation. This suggests that the
degree to which variation in the landscape offers alternative residential locations for individuals
may differ based on an individual’s education and family structure. Therefore different proportions
of different types may be observed to have incurred moving costs. This is an indirect result of
different magnitudes of residential sorting among the different types of individuals, due in part to
variation in original locations of individuals.

Finally, I run a linear regression using COL indices as the dependent variable and the logged
price of housing services p¥ and the logged level of particulate matter concentrations PMjq" re-
spectively, as independent variables. Though a very simplified approach, it is useful for seeing
the role of one aspect of environmental quality in the cost of living. Regressions are estimated
separately for each individual type and contain a year fixed effect. While the magnitude of the
parameters does not offer an interesting interpretation, all coefficient estimates are positive and
significant. Estimates are shown in Table 3. Both housing prices and concentrations of P Mg
impact a location’s cost of living. Though it is obvious in the former case, these results suggest
the importance of considering differences in air pollution across cities, even in an overly simplistic
regression. In general, access to public goods and environmental quality are meaningful factors in

determining an individual’s cost of living, in additional to market prices.

6.2 Adjusted Income

Given COL indices for each type, MSA, and year, it is now possible to calculate adjusted income.
Recall that adjusted income is nominal income normalized to reflect the location-specific cost of

achieving a particular level of well-being. For example, if the COL index is 1.5 and an individual
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earns $90,000, adjusted income is calculated as $90,000/1.5 = $60,000. Intuitively, the individual’s
income in the high cost of living location is the equivalent of $60,000 in the base location. Consistent
comparisons of well-being are based on such an approach, which accounts for both market prices
and local amenities.

The level of variation in COL indices points to the imperfect nature of income as a proxy for the
standard of living. Furthermore, controlling for differences in market prices only partially corrects
for this. For the remainder of the analysis, I will focus on the distribution of three different sets
of income data: 1. nominal income deflated for national inflation, referred to as real income, 2.
nominal income deflated for MSA-specific housing prices, referred to as price-deflated income and
3. nominal income adjusted for both MSA-specific housing prices and public goods, referred to as
adjusted income.

It is obvious that any positive level of public good consumption generates some benefits and
increases an individual’s welfare. However, the distribution of these benefits across the population
may be of greater interest. As discussed earlier, this question is approached using the Gini coefficient
for the adjusted income distribution relative to that of the real income distribution. Table 4
shows Gini coeflicients in 1990 and 2000 for the distributions of income, price-deflated income, and
adjusted income. Calculations are done for the population as a whole as well as for each individual
type. Table 4 reports results for the distribution of all individuals in a sample of 920, 208 individuals
for 1990 and 782,323 individuals for 2000.

For both years, a higher Gini coefficient for adjusted income, relative to real income, denotes
a more unequal distribution. Before further discussion of this point, however, note that there is
a decrease in inequality when price-deflated income is compared to real income. Market prices,
represented here as housing prices, tend to have an equalizing force on the distribution of well-
being. Low-income individuals face lower housing prices and thus experience an increase in their
relative living standards.

Significant increases in the Gini coefficient when both location amenities and prices are in-
troduced indicate a higher degree of inequality in living standards across individuals when both
income and public goods are considered. Much of this effect can be attributed to public goods, as
is evident from a larger gap between adjusted income and real income, relative to adjusted income

and price-deflated income. Higher income individuals, therefore, tend to live in locations that offer
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a better set of location amenities and market prices. Note that an increase in the Gini coefficient
for adjusted income relative to price-deflated income goes beyond the idea that individuals with
higher income simply consume more public goods. This result also accounts for housing price vari-
ation that reflects different levels of public goods. In other words, the adjustment is made for the
aggregate impact of the benefit of public goods net of the cost of housing price adjustments for such
goods. The larger Gini coefficient on adjusted income demonstrates more inequality that is driven
by unequal consumption of high-quality locations, in additional to the observed in inequality in the
income distribution.

An increase in the Gini coefficient holds for all individual types, as is evident in Table 5, though
the adjustments for public goods are less drastic since a portion of the inequality in adjusted income
is due to cross-type differences. For each level of education, the level of inequality in adjusted
income is considerably higher for those individuals with children. Results also demonstrate that
inequality in adjusted income is greater among individuals with higher levels of education. However,
it is important to make clear that at least some portion of these differences can be explained by
differences in the distribution of income before factoring in the value of public goods. These
results should therefore be taken as additional evidence of the impact of including public goods in
inequality measures, rather than evidence of differences in inequality among different subgroups of
the population.

To isolate the impact of public amenities, I focus on the distributions of price-deflated income
and adjusted income. The Lorenz curves displayed in Figure 1 plot the underlying distributions
used to calculate the Gini coefficients, and are plotted along with the forty-five degree line that
signifies a perfectly equal distribution. Recall that higher inequality is denoted by curves that are
bowed further from this forty-five degree line. The graph in Panel A shows changes in the real
income distribution from 1990 to 2000 to demonstrate some magnitude. Panels B and C both
indicate a higher degree of inequality in adjusted income, as discussed above. While these changes
look small graphically, they are fairly substantial in the context of changes in real income.

As an additional means of giving context to differences in the distribution of adjusted income
relative to price-deflated income, consider scenarios that would alter the real income distribution so
that it reaches a level of inequality identical to that of the adjusted income distribution. While there

are an infinite number of ways to redistribute income to achieve any particular Gini coefficient, 1
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describe here an empirical exercise that demonstrates the difference in inequality across the real
income and adjusted income distributions. Consider redistributing income from the bottom half
of the distribution to the top half. For 1990, the adjusted income Gini coefficient is replicated
in the real income distribution by reducing all incomes below the median by $1,180, and evenly
distributing that money to all individuals above the median income level. For 2000, the required
individual reduction in income is $941. Rather than focusing on the bottom half versus the top half
of the income distribution, consider the bottom 20% and the top 20%. In this case, redistributing
$1,890 from the bottom results in an income distribution with a Gini coefficient identical to that
of the adjusted income distribution. The corresponding amount for the 2000 distribution is $1,499.
While differences in the distributions of real and adjusted incomes may appear small when looking
at the Gini coefficient or the Lorenz curve, these differences become quite substantial when put
in the more intuitive context of a monetary redistribution. Note that this redistribution exercise
illustrates the magnitude of differences in values of Gini coefficient only to provide context for
comparing the distribution of adjusted income distribution to that of price-deflated income, but
not to consider any particular redistribution policy. Any redistributions in the economy would
certainly have larger general equilibrium impacts.

Recall that the above calculations are based on expenditure functions that do not include
moving costs in an individual’s expenditure function for reasons discussed earlier. In particular,
the omission of moving costs in COL calculation makes for a better interpretation of the standard
of living. However, a comparison of results obtained when omitting versus including moving costs
highlights whether moving costs disproportionately impact different segments of the population.
Gini coefficients for both sets of results are shown in Table 6. The top row and the first row for each
type are simply repeats of numbers reported in Table 4. The second rows, respectively, show Gini
coefficients when moving costs are included in expenditure functions used to calculate COL indices.
In all cases, there is a slight decrease in the level of inequality when moving costs are included. Such
a result corresponds to the earlier discussion of COL indices and the inclusion of moving costs. The
decrease in inequality suggests that individuals with lower adjusted incomes are currently facing
lower costs of migrating away from their birthplace. Put another way, individuals with higher
standards of living, relative to the rest of the population, disproportionately have incurred high

moving costs to reach betters locations. This fits well with the intuition of residential sorting.
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Finally, an interesting empirical conclusion is derived from the change in the Gini coefficient
from 1990 to 2000. When measured using adjusted income, there has been a considerable increase
in inequality from 1990 to 2000. However, that increase largely mimics the increase in inequality
of price-deflated income. While it is evident that access to public goods exacerbates the apparent
level of inequality, the severity with which this happens has not increased over the study period.
Rather, the change in inequality over time has been driven by the real income distribution, with an
inherent degree of inequality driven by public goods. Still, these results, combined with the more
general results concerning inequalities, suggest the importance of distributional considerations in

public good provision.

7 Conclusion

This study has developed location-specific cost of living indices that account not only for variation
in market prices, as do conventional COL indices, but also access to public goods. A model of
residential location sorting reveals implicit values for public goods and accounts for costly migration
in obtaining such goods. Given that public amenities offer recreation, consumption, and health
benefits it is reasonable to include them in any measure of welfare. Furthermore, wage and price
differences across space reflect compensation for non-market goods. Therefore it becomes important
to look beyond income and market prices to gain a complete understanding of the standard of living.
The previously discussed analyses in Nordhaus (1999) and Banzhaf (2005) found that conven-
tional estimates of inflation were biased upwards, implying a downward bias in real income, as
public goods offer benefits that increase the standard of living. Building on the notion of biased
real income, this paper further examines the role that public goods play in standard of living esti-
mates by considering the spatial variation in public goods. Therefore the level bias in real income,
though not explicitly measured, is likely to involve considerable variation. Empirical results show
significant differences in the cost of living across MSAs in the United States. We see locations that
have high prices and are thus often considered high cost of living cities that have a low cost of living
due to their bundle of public goods. The opposite holds for some cities with low market prices.
COL indices allow for calculation of adjusted income, an arguably better measure of well-being

that is easily comparable across locations with varying prices and public goods. Of primary im-
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portance is an empirical analysis of distributional issues. While there is some level of inequality
inherent in the income distribution, results of this study suggest that those inequalities are exacer-
bated when consumption of non-market goods is considered. Such a result goes beyond the obvious
conclusion that wealthy individuals implicitly purchase more public goods. Rather, empirical find-
ings point to the result that wealthy individuals enjoy a lower cost of living, so that a particular
level of well-being is more easily attained. Thus we see a higher degree of inequality across the pop-
ulation when considering a measure of standard-of-living defined in a broader sense than income.
These conclusions are even more significant when one considers the result predicted by a theory of
compensating wages. Rather than a more equally defined distribution of adjusted income due to
higher wages existing as compensation for lower levels of location attributes, empirical results show
that the inclusion of public goods in individuals’ welfare demonstrates a population with greater
inequality.

It should again be noted that the empirical analysis, including parameter estimates and COL
calculations, focused on only the subset of the U.S. urban population with household heads aged
23-40. Thus I exclude several important demographic groups, including young adults, middle-
aged individuals, retirees, and those living in rural areas. Also note that the unit of analysis in
this study is an individual. Thus the underlying model assumes individual preferences and location
decisions, rather than a household-level decision. The extent to which such an assumption influences
parameter estimates determines the impact it may have on calculated COL indices. This caveat is
also important as it relates to the general results of the distribution of public goods, as a household-
level analysis may be preferable for discussions of standard of living. While the empirical strategy
presents a framework for analyzing the distribution of a broad welfare measure and illustrates the
role of public goods in such a measure, findings should be interpreted with restrictions in mind and
one should be cautious regarding inferences about the general population. A final caveat is that
this study uses income to determine the contribution of market goods in an individual’s standard
of living. The alternative approach is to use wealth, including real and financial assets, which may
offer a better characterization of an individual’s access to market consumption.

In the context of a growing literature examining economic inequality, results from this paper
indicate the importance of accounting for public goods when analyzing the distribution of a broad

measure of the standard of living. While the existing literature documents income inequality that is
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partially mitigated by progressive income taxes and wealth in other assets, the inclusion of public
goods in an individuals’s consumption bundle appears to increase the level of inequality in the
United States. Though Moretti (2013) presents evidence that such inequality decreased from 1990
to 2000, as discussed earlier, the level of inequality in the standard living during this time period

was considerably higher than that of conventional income measures.
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Appendices

A Model Parameters

A.1 Model Construction

The following section discusses estimation of necessary components of the residential sorting model
in equation (3). Recall that the indirect utility function is of the form

Potential earnings, denoted by I;,,, indicates the level of income that would be available to an
individual ¢ in MSA m. Estimation of the sorting model requires potential earnings of all individu-
als in all locations. Recall that each MSA is assumed to be a single labor market. Estimates from a
regression of observed income on individual characteristics are used to predict income across loca-
tions based on location specific coefficients and an individual’s characteristics. A semi-parametric
correction for sorting in the labor market is proposed by Dahl (2002) and implemented in a residen-
tial sorting model in Bayer et al. (2009). This method rests on the intuition that while unobserved
location attributes induce moves to labor markets, information regarding such sorting is captured
by the probability of an identical type individual making the observed move.

An income regression is estimated in which the dependent variable is the log of weekly income,
as reported on the U.S. Census long form. The sample includes 874, 809 total observations for 1990
and 749,618 total observations for 2000, with a range of MSA populations of 465 — 45,921 (mean
of 3,976) and 390 — 34,476 (mean of 3,637) for each year, respectively. Regressors include gender,
marital status, race/ethnicity, age, part-time employment, citizenship, education, and industry,
as well as type-specific migration probabilities to account for nonrandom sorting. Observations
include employed household heads not in the military and not disabled. A separate wage hedonic
is run for each MSA using A-14, controlling for effects related to labor demand and allowing the

income effect of individual traits to vary across locations. The equation for estimation is
2
In I = ar X{™ + ap1 Py r1:r2 + apa (P r1.R2) (A-14)

Individual attributes are included in XiI "¢, while Py r1.g2 is the observed probability that an indi-

vidual of type k migrated from region R1 to region R2. Data constraints limit the probabilities to
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migration between regions, rather than between MSAs.

Income is predicted for each individual in each MSA for 1990 and 2000. Note that the migration
probabilities act only as controls for consistent estimates, and so are not included when predicting
income. The weekly wage prediction is multiplied by the individual’s number of weeks worked to
obtain the final income prediction, Iy,.

Results for the hedonic wage regression include 226 sets of coefficients representing each MSA /labor
market, so only summary statistics are discussed. Coefficient means all have expected signs, with
positive wage premiums for individuals who are male, married, white, older, educated, U.S. citi-
zens, full time workers, and are in management positions. In some cases, the minimum coefficient
estimate may be negative for a variable that has a positive (and expected positive) mean coefficient
estimate. Similarly, the maximum coefficient estimate may be positive for a variable that has an
negative (and expected negative) mean coefficient estimate. The fact that such results show up for
some MSAs is likely a function of supply and demand idiosyncracies in local labor markets. The
last two rows report coefficients on type specific migration probabilities and migration probabilities
squared. There is very little interpretation that follows these parameters, but their significance
suggests that the approach is valid. These regression coefficients are then used to predict annual
incomes for each individual in each MSA.

The empirical model then requires the price of a homogeneous unit of housing services, rather
than the price of a house. From an individual’s budget constraint, the market price for house ¢ in

tract j of MSA m can be expressed as

Py = pY H; exp(Vim), (A-15)

where v;,, is a house-specific idiosyncratic shock.
Define the index of housing services as a function that maps the vector of discrete structural
variables of a property h; into a continuous index defined by H; = exp(¢h;). With this equation

(A-15) can be rewritten as

Pim, = py, exp(dhi) exp(vim). (A-16)
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Empirically, I am interested in an estimate of In pY, for the sorting model. Taking logs,

In Py, = In pY, + ¢hi + vi, (A-17)

and the parameter of interest, In p),, is estimated as a location m fixed effect.

The price that serves as the dependent variable in (A-17) is the annual cost of housing. For
units that are rented, this value is simply the annual rent plus utilities and fees. For owned
units, however, an annual rent must be imputed from the housing value. Rents are calculated in
a manner similar to Albouy (2012) and Blomquist et al. (1988), following methods described in
Poterba (1992). In equilibrium, the ratio of the rental value to the house price is the user cost of
owner-occupied housing. This ratio is equal to the sum of the nominal interest rate, property tax
rate, risk premium, maintenance costs and depreciation, less the inflation rate. Since property taxes
are observed and treated as an additional annual cost after calculating annual rent, the property
tax rate is omitted from calculation of the user cost of owner-occupied housing. Following Poterba
(1992), T assign maintenance costs and depreciation each to be 2% and the risk premium on home
ownership at 4%. The nominal interest rate is the average commitment rate on new fixed mortgages
and the inflation rate is calculated as a five year average of the CPI inflation rate. The respective
values for the interest rate and inflation are 10.13 and 4.12 for 1990 and 8.05 and 2.54 for 2000.
The resulting rent to value ratio is 11.48 for 1990 and 11.50 for 2000. Given a rent to value ratio
of 11.5, a $100,000 house takes on an annual housing cost of $8,695, equivalent to an apartment
with monthly rent of $725. Final calculations for the cost of housing are found by adding annual
property taxes and utility payments to estimates of the annual cost of housing.

This hedonic is estimated on a sample of 262, 735 households for 1990 and 233, 095 households
for 2000 across the 226 MSAs, obtained from the IPUMS dataset. Note that the set of households
used for the MSA hedonic estimation is not the same as the set of individuals used for the macro
sorting model. Both data sets are subsets of the same set of household observations, but different
selection criteria lead to different sets of observations.

Equation (A-17) estimates an MSA-specific price for each year. The hedonic regression gives
highly significant and expected results. Price increases for homes that have larger living quarters,

are more recently built, and on larger plots of land. In addition, single family detached homes and
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apartment units are more expensive than attached single family homes.
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Table 3: Regression of COL Index on Prices, PMg

In Prices In PM;jg
coef. s.e. coef. s.e.
No H.S. Degree, No Children .2669 .0602 .0043 .0008
H.S. Degree, No Children .3169 0621 .0050 .0009
College Degree, No Children 3 2818 .0667 .0052 .0009
Graduate/Prof. Degree, No Children .2495 0675 .0055 .0010
No H.S. Degree, w/ Children .2470 .0497 .0045 .0008
H.S. Degree, w/ Children .3041 .0706 .0050 .0009
College Degree, w/ Children .2685 .0722 .0052 .0009
Graduate/Prof. Degree, w/ Children .2239 0716 .0057 .0010
Table 4: Gini Coefficient

1990 2000

Income .3055 .3502

Price Deflated .3048 .3469

Adjusted .3247 .3647

Table 5: Type-Specific Gini Coefficients

No H.S. Degree, No Children

H.S. Degree, No Children

College Degree, No Children
Graduate/Prof. Degree, No Children
No H.S. Degree, w/ Children

H.S. Degree, w/ Children

College Degree, w/ Children
Graduate/Prof. Degree, w/ Children

1990 2000
Price-Deflated Adjusted Price-Deflated Adjusted
.2545 .2685 .2895 .3026
.2554 .2647 2757 2878
2767 3018 .3283 .3441
.3260 .3574 .3683 .3881
.2623 .2740 .2950 .3056
.2666 2741 2913 .3021
.2990 3154 .3633 3752
3737 3917 4321 .4448
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Table 6: Gini Coeflicients: Impact of Moving Costs in Adjusted Income

General

No H.S. Degree, No Children

H.S. Degree, No Children

College Degree, No Children
Graduate/Prof. Degree, No Children
No H.S. Degree, w/ Children

H.S. Degree, w/ Children

College Degree, w/ Children

Graduate/Prof., w/ Children

w/out MC
w MC

w/out MC
w MC

w/out MC
w MC

w/out MC
w MC

w/out MC
w MC

w/out MC
w MC
w/out MC
w MC
w/out MC
w MC
w/out MC
w MC

1990 2000
.3247 .3647
.3188 .3595
.2685 .3026
.2648 .3009
.2647 2878
.2593 .2826
3018 .3441
2970 .3410
3574 .3881
.3558 .3865
2740 .3056
2707 .3043
2741 3021
.2685 .2963
3154 3752
.3090 3702
3917 .4448
.3882 4428
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Table A1l: Macro Sorting Parameters

Income

MCsiate

MCRegion
MCgtate x Children
MCRegionx Children
MSA Index: I'!
MSA Index: I'2
MSA Index: I'3
MSA Index: I'*
MSA Index: I'®
MSA Index: I'6
MSA Index: I'7
MSA Index: I'8

Br
Hbs
Hbr

Coef. t-stat T
1.673 63.330

2.670 134.273

1.173 58.132

0.230 8.512

0.145 5.200

0.718 7.305 0.672
0.005 0.202 0.501
1.137 23.874 0.757
1.955 15.302 0.876
0.724 11.524 0.673
-0.191 -9.403 0.452
0.293 7.357 0.573
0.771 11.614 0.684

Observations: 1990 = 39058, 2000 = 37165

All parameters are significant at the 1% level
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Figure Titles

Figure 1: Lorenz Curves for Price-Deflated and Adjusted Income

Notes

!Though not explicitly concerned with COL measure, a number of other papers use similar models to examine
consumption of public goods. For example, see Klaiber and Phaneuf (2010) or Tra et al. (2012) for applications and
Kuminoff et al. (2013) for an examination of such models.

It is equally valid to measure COL relative to a particular location, using a specific location’s necessary expen-
ditures as the denominator in equation (2). In that case, a location’s COL is interpreted relative to the specific base
location and any two locations are directly comparable as they have identical denominators.

3An MSA is a U.S. Census designated geographic entity that is equivalent to the metropolitan area around a
major city. In 2000, there were 301 MSAs in the continental U.S. comprising roughly 81% of the U.S. population.

“Individual type k is defined as a unique combination of having or not having children and one of four levels of
educational attainment: no high school diploma, high school diploma, college degree, graduate/professional degree.

SWhile this is an important part of estimation in residential sorting models in general, it becomes trivial in what
follows since this analysis is not concerned with identifying the impacts of specific amenities in Y,

5This distribution is used based on its function as the assumed distribution for the idiosyncratic shock in the logit
estimation of the underlying sorting model

"PMj is used in this application due to its prevalence in the literature valuing air quality.
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