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Abstract

Since 1970, housing’s relative price, share of expenditure, and “unaffordability” have all grown.
We estimate housing demand using a novel compensated framework over space and an uncom-
pensated framework over time. Our specifications pass tests imposed by rationality and household
mobility. Housing demand is income and price inelastic, and appears to fall with household size.
We provide a numerical non-homothetic constant elasticity of substitution utility function for im-
proved quantitative modeling. An ideal cost-of-living index demonstrates that the poor have been
disproportionately impacted by rising relative rents, which have greatly amplified increases in real
income inequality.

Keywords: Housing demand, housing affordability, cost-of-living, inflation, non-homothetic
preferences, consumer economics, income shares.
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1 Introduction

Food, clothing, and shelter are all considered to be basic needs. Yet, as Figure 1A shows, from
1959 to 2014 the proportion of personal consumption expenditures in the United States devoted to
food and clothing fell from 27.4 percent to 10.6 percent, while the fraction devoted to housing and
utilities rose from 16.1 to 18.1 percent. Data from the American Housing Survey and Consumer
Expenditure Survey indicate more dramatic increases in housing’s share: about 7 percentage points
since 1970, as illustrated in Figure 1B. This growth has been even sharper among renting house-
holds. Figure 1C shows that the percentage of renting households facing “moderate” or “extreme”
affordability burdens, defined as spending more than 30 or 50 percent of their income on hous-
ing, has risen by 20 and 15 percentage points, respectively. Meanwhile, the home-ownership rate
has not seen a persistent rise. These trends support the Secretary of Housing and Urban Develop-
ment’s recent claim: “We are in the midst of the worst rental affordability crisis that this country
has known” (Olick 2013).! As mapped in figure 2, this crisis is particularly severe in in large cities
and along the coasts.

The increasing share of expenditures on housing appears to contradict the traditional view
that housing is a necessity. On that view, the expenditure share on housing should have fallen as
average incomes have risen over time. Another common assumption, that preferences over housing
relative to other goods are unit elastic in price and income (i.e., Cobb-Douglas), is also incapable of
explaining increases in un-affordability measures or their variation over space. Below, we consider
preferences and changes in the economy that explain both the rise in the housing expenditure share
over time, as well as the spatial variation in that share.

First and most important is that the price of housing relative to other goods has risen substan-
tially. Figure 3A shows that the price of housing (or shelter) services has risen almost 40 percent

relative to other goods since 1970, as measured by the Bureau of Labor Statistics’ Consumer Price

The Joint Center for Housing Studies of Harvard University (JCHS, 2013) documents that from 2000 to 2012, the
median share of renters’ incomes devoted to contract rent rose nearly five percentage points to 27.4 percent, and that
28 percent of renting households now spend more than half of their incomes on rent. Glaeser and Gyourko (2008)
present a thoughtful critique of affordability indices as well as a discussion of how rental expenditures have changed
over time.



Index (CPI). Critiques of the CPI suggest that the official series understates increases in the relative
price of shelter severely, while it overstates increases in the absolute prices of most other goods and
services. When we adopt revisions proposed by Crone, Nakamura and Voith (2010) and Boskin
(1996), the relative price of shelter has increased by 120 percent since 1970. If housing demand is
price inelastic, the large relative price increase of housing can help to explain its rising share.

Second, rising income inequality has lowered median incomes relative to mean incomes, as
seen in Figure 3B. This phenomenon is particularly acute among renters, whose incomes have
seen weaker gains relative to homeowners. Thus, rising incomes have had smaller effects for the
majority of renters. Third, falling household sizes may have increased demand. Figure 3C shows
that households have shrunk in size by almost 30 percent. This has reduced economies of scale in
housing consumption, thereby increasing per-capita demand for housing.>

To investigate these issues, we estimate housing demand using an intuitive framework moti-
vated by spatial equilibrium conditions. Section 3 demonstrates that cross-sectional data lends
itself to estimating compensated (Hicksian) housing demand functions, as mobility equalizes the
utility households receive from living in different locations. On the other hand, time-series data
lends itself to uncompensated (Marshallian) demand functions, as utility levels may change over
time. An important innovation of our approach is that we use data on non-housing prices to test
restrictions imposed by demand theory, thus checking the validity of our specifications. This pro-
vides an unconventional examination of demand theory through spatial variation, rather than more
conventional temporal variation (e.g. Deaton 1986, Blundell et al. 1993). We also estimate house-
hold economies of scale in the spirit of Barten (1964), and develop methods for estimating the
direct effect of amenities on housing demand.

Under such restrictions, we integrate a demand equation into a utility function in the non-

homothetic constant elasticity-of-substitution (NH-CES) framework. This function should be use-

2This increased demand requires that housing is indeed price inelastic. Of course, household sizes may be respon-
sive to incomes and prices. We leave the topic of endogenous household sizes to future work. Note the proportion of
children has fallen as the population has aged. Children under 18 accounted for nearly 24 percent of all household
members in 1970, but accounted for only 15 percent as of 2013. To the extent that adults desire more housing than
children do, this trend should have also raised housing expenditures.



ful to researchers modeling housing consumption and provides cost-of-living indices across space
and time for different income, household sizes, and amenity levels, which account for income and
substitution effects.

Our compensated estimates suggest that the uncompensated own-price, income, and substitu-
tion elasticities are all near two-thirds in absolute value. Our tests suggest that estimates based on
cross-metropolitan (as opposed to within-metropolitan) variation are likely unaffected by house-
hold sorting, which in principle would bias the estimates away from zero. The quality of our
control for utility, based on the wage predicted by worker skills, cannot be fully tested, but likely
suffers from fewer biases than other measures.

We find some evidence of economies of scale in housing, in proportion to the square-root of
housing size. A 30-percent reduction in residents per household reduces household housing con-
sumption by only 15 percent, increasing per-capita consumption by the same percentage. Further-
more, estimates suggest that hilliness and hot weather may increase housing demand independently
of prices.

Time-series patterns are largely consistent with our cross-sectional results. With the adjusted
CP], an elasticity of substitution slightly lower, or an income elasticity slightly higher than our esti-
mates — in the direction of our expected biases — would completely explain housing’s rising share
in national expenditure. Demographic effects reinforce these trends. Furthermore, rising rents and
growing income equality explain most of the “affordability crisis” affecting renters. There may be
some residual increases in the housing share that warrants additional exploration.

We demonstrate numerically how an ideal cost-of-living index varies non-linearly with income
and prices across space and time. While the prices of many goods have become much cheaper
over time, housing rents do not appear to have made nearly as much progress. By differentially
impacting the poor, increases in the relative price of housing have increased real income inequality

by 25 percent since 1970.



2 Motivation and Related Literature

Our explanation of competing income and relative-price effects is illustrated in Figure 4, with
production possibility frontiers (PPF) and indifference curves for housing and non-housing goods.
Over time, the PPF has expanded further in the direction of non-housing goods: these goods are
traded internationally and are subject to greater technological improvements. With this expansion,
both income effects (illustrated from point A to point B) and relative-price effects (from B to C)
lead households to increase their consumption of non-housing goods more than of housing. The
income effect causes housing’s share to fall (compare B and D), but the rise in the relative price
causes housing’s share to rise if the substitution response is limited (compare C and E).

Previous researchers have estimated a wide range of price and income elasticities. Articles
reviewed in Mayo (1981) find uncompensated price elasticities from slightly positive to less than
minus one. Estimates closest to ours include Pollinsky and Ellwood’s (1979) estimate of -0.7
and Hanushek and Quigley’s (1980) experimental estimates of -0.64 in Pittsburgh and -0.45 in
Phoenix.® Classical studies such as Engel (1857) and Schwabe (1868) estimated the income (or
more precisely, expenditure) elasticity of housing demand to be less than one, which became
known as “Schwabe’s Law of Rent”.* As discussed in Mayo (1981), a source of contention is
how to measure income: most use a proxy measure of “permanent income” to correct for atten-
uation bias caused by transitory income. Davis and Ortalo-Magne (2011) argue that the median
expenditure share on rent across metros — the evidence we focus on — is roughly constant across
metro areas, consistent with price and income elasticities of one.

Modelers have taken great latitude in interpreting such disparate findings. Indeed, housing

30ther articles include Muth (1960), Reid (1962), Rosen (1985), Goodman and Kawai (1986), Goodman (1988)
Ermisch et al. (1996), Goodman (2002), and Ioannides and Zabel (2003). Most estimate uncompensated price elastic-
ities ranging from -1 to -0.3 and income elasticities from 0.4 to 1. While some studies use non-housing price data to
deflate their numbers, none use it to test the validity of the housing demand specification, as we do here. Few articles
estimate elastic price demand, with elasticities greater than one. Kau and Sirmans (1979) estimated price elasticity
shifting from -2.25 to -1 from year 1876 to 1970 using historical data from Chicago. However, these are based off
land-price gradients and are not robust to expected sorting behaviors described below.

4See Stigler (1954) for a discussion. As summarized by De Leeuw (1971), Mayo (1981) and later Harmon (1988),
some studies are inconsistent with Schwabe’s Law. See Hansen et al. (1998) and references therein for estimates less
than one, and Muth (1960) and Cheshire and Sheppard (1998) for an estimate greater than one, noting that the latter
study estimates elasticities for housing attributes rather than for a unified bundle.



demand is key to understanding house prices, tax incidence, population density, and location de-
cisions. Many assume a fixed demand for housing, perfectly inelastic to price and income. This
provides a simple derivation of the mono-centric city model, seen from Mills (1967) to Desmet
and Rossi-Hansberg (2013). Other models, such as the search and matching model of Piazzesi and
Schneider (2010), assume housing demand is inelastic to income but not to prices. Unit-elastic
demand — derived from Cobb-Douglas preferences — is especially common: examples include
Eeckhout (2004), Michaels, Rauch and Redding (2012), and Guerreiri, Hartley and Hurst (2013).
While abstraction is often necessary, these disparate assumptions make it hard to reconcile different
findings, and may lead to incorrect conclusions in some contexts.

Indeed, the issue of housing “affordability,” especially as measured by high expenditure shares,
makes the most sense when demand is income- and price-inelastic. This is especially true for low-
income households, whose incomes have lagged particularly in America’s largest, most expensive
cities (Baum-Snow and Pavan, 2013). Low-skilled workers’ greater housing expenditure share
explains their choosing to live in cheaper cities (Moretti 2013), while those remaining in expen-
sive cities must earn higher wage premia to do so relative to the premia required by more-skilled
workers (Black, Kolesnikova, and Taylor 2009).5

The secular rise in housing expenditures appears to be understudied. It is in line with Piketty’s
(2014) finding that the value of residential capital relative to output rose substantially over the last
century.® With inelastic demand for land in both consumption and production, land’s value can

take up an increasing share of the economy, reviving fears of Ricardo (1817) and George (1879).”

SHandbury (2013) estimates a non-homothetic log-logit utility function with a CES superstructure to argue that
high-income households find large cities to be more “affordable” by containing a greater range of groceries suited to
their tastes. We find that large cities are more affordable for high-income households as they spend less on housing.

%Gyourko, Sinai, and Mayer (2013) find housing values’ differences between typical and highest-price locations
widened considerably since 1960. Rognlie (2015) shows that the postwar increase in the share of income flowing to
capital is largely concentrated in the housing sector, which La Cava (2016) shows is mainly due to higher imputed
rental income to owner-occupiers. Davis and Heathcote (2007) present evidence of persistent real growth in land
values, accounting for an increasing share of housing values. This evidence is consistent with limited substitution
between land and non-land inputs in housing production, as found in Albouy and Ehrlich (2012). We note that
housing is a capital asset that provides flow consumption services to its owner. This asset is a composite of land and
structure, the latter of which typically depreciates over time. We follow the bulk of the literature in estimating demand
for a composite housing good, but the shape of the housing demand function can have important implications for land
values separately from housing values.

"This may happen if land-saving technological improvements are weak or stifled by regulation. Thus, rising de-



3 Housing Demand as Prices, Incomes, and Amenities Vary

Here we present a standard static model of housing demand embedded in a spatial equilibrium
framework with local household amenities, similar to the settings of Rosen (1979), Roback (1982),
and Albouy (2016). We derive expressions for the share of expenditure devoted to housing, which
motivate regressions to identify the parameters of the compensated and uncompensated housing
demand functions, amended to allow for variation in household size. We then construct utility and
cost-of-living functions that allow for imperfect substitution, non-homotheticity, varying house-

hold sizes, and variation in amenities.

3.1 Household Budgets and Preferences

The national economy contains many cities, indexed by j, which share a population of mobile
households, who supply one unit of labor where they live. They consume a housing good y
with price p/, and a non-housing good z with price /.3 Households earn total income m’ =
I+(1—7)w?, determined by unearned income, I, which does not vary by city, and local wage levels
w?, after taxes, 7.° Household preferences over the consumption good, housing, and location are
modeled by a utility function U (z, y; Q7), where ()7 represents a city-specific amenity bundle con-
ceptualized as “quality-of-life”. The indirect utility function for a household in city j is then given
by V(p!, ¢, m?; Q7) = max, ,(U(z,y; Q7)|dx+ p'y = (1 — 7)w’ + I). The expenditure function

for a household in city j is likewise given by e(p’, ¢/, u; Q7) = min, ,(dz +p y|U(z, y; Q7) > u).

3.2 The Housing Expenditure Share and Uncompensated Demand

To take the model to the data, we approximate the relationships described above around their

national average values. Denote the fraction of household expenditures on housing in city j as

mand may reverse earlier declines in land values engendered by transportation improvements.

8For simplicity, the exposition of the theoretical model will refer to a system of cities and call individual geo-
graphical units as such. However, the empirical work using the Consumer Expenditure Survey (CEX) data will be at
a partly-disaggregated state level. Therefore, the geographies considered in this model are more properly considered
‘areas’, with the term ‘city’ used for concreteness.

°In this static setting, household expenditure equals household income.
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sl = (p’y’)/m’. Log-linearizing this equation produces the identity 5/ = p/ + 7/ — m?.'"" We
assume that households take local price and income levels as given, so that the only behavioral
variable in s, is housing consumption, y, which is determined by the uncompensated (Marshallian)
demand function ¢/ = y(p?, ¢/, m’; Q7). Log-linearizing demand, §/ = €, ,p’ + €,.& + €, 1707 +
ey,QQj. The parameter ¢, , is the uncompensated own-price elasticity of housing demand, ¢, . is the
uncompensated cross-price elasticity, €, ., s the income elasticity, and €, ¢ is the amenity elaticity
amenities. If housing is a normal good, then ¢,,, > 0, and housing obeys the law of demand
that €, ,, < 0. It is a priori unclear whether housing is a gross substitute for non-housing goods,
i.e., whether ¢, . > 0, because the cross-price elasticity exhibits a positive substitution effect and
a negative income effect, each of unknown magnitudes. Housing may be a gross complement or
substitute for amenities, i.e. €, o 2 0, if amenities alter the marginal rate of substitution between
housing and non-housing goods.

Combining the identities above demonstrates how the housing share depends on local variables:
‘% =(1+ Eym)ﬁi + Ey,céj + (€y.m — 1)mj + ey,QQj (1

Unrestricted, equation (1) is merely definitional. Rationality of preferences restricts the demand
function to be homogenous of degree zero in prices and income (p, ¢, m), so that €, ,+ €, .+ €, =
0. This restriction of “no money illusion” requires that proportional increases in all prices and
income do not lead to changes in behavior.!!

Adding a constant and error term to equation (1) motivates these regression equations:

Ins! = ap+arlnp’ +aslnd + azlnm? + auq’ + ¢ (22)

=ap+a(Inpy —Ind) + as(lnm? —Ind) + asq’ + €’ (2b)

1A hat over a variable represents its log deviation from the (geometric) national average, i.e., 2/ = dIn 27 = dz7 /.

""We do not model how households with low tastes for housing may be inclined to seek out more amenable areas
(see Black et al. 2002). Albouy and Lue (2015) present evidence that household sizes, age, and marital status vary little
across metropolitan areas (they vary more within), suggesting such selection issues are not of first-order importance.
While discussed more below, our rationality test appears to rule out large amounts of sorting.



Equation (2b) follows from (2a) as homogeneity requires a; +as+a3 = 0. If we subtract the means
of the right-hand side variables, the regression coefficients are related to the demand parameters
as: ag = Insy, oy = 1+ ¢€,p, g = €., and a3 = €, , — 1. 5, = e is the geometric mean of
expenditure shares. The own-price uncompensated elasticity is the coefficient on housing prices
minus one, €,, = a; — 1; income elasticity is the coefficient on income plus one, €, ,, = a3 + 1.
Quality of life is not observed directly but is proxied by observable amenities, g;. Moreover,
we model €, ¢ as a vector because differing amenities may shift housing demand differently.'?
Consistent estimation of equation (2a) requires that non-housing goods are properly accounted
for by the index ¢/, that preferences across cities are the same, that preferences can be aggregated,

and that we have an appropriate (arguably permanent) measure of income m/.

3.3 Compensated Demand with Household Mobility and Heterogeneity

The uncompensated demand function is converted into a compensated (Hicksian) demand function
by substituting in the expenditure function, i.e. ¥ (p,c,m; Q) = y(p,c,e(p,c,u;Q); Q). Log-
linearizing the expenditure function directly yields the mobility condition that local incomes will

compensate for local prices and quality of life, conditional on utility:

A~

! = 5,5 + (1= 5,)¢ + engQ + emut’ 3)
where ¢,,, is the elasticity of expenditures with respect to utility, and ¢,, o is the elasticity of
expenditures with respect to quality of life.

Substituting equation (3) into equation (1) and simplifying by the Slutsky equations gives

the following relationships among the uncompensated (Marshallian) and compensated (Hicksian)

. o e . . . H
price elasticities: €,, = €

yp—Sy€ymand e, . =€

H _ & H H
e —Sz€ym- Here €, and €,/ . are the compensated

elasticities of housing demand with respect to housing and non-housing prices, respectively.'® Ra-

12A priori we are unsure, nice climates could induce households to spend more of their time on the properties or
away from them. Zivin and Neidell (2014) estimate the extent to which extreme heat and cold pushes people indoors.
PThe first substitution yields 57 = (1 + €y, — §, + Syeym)P’ + [ey.c — (1 — €ym)(1 — $)]1& + ()0 — (1 —
€ym)€m.0)Q7 — (1 — €y.m)€m 1. Besides the Slutsky equations we also substitute in the identities o =€+



tionality requires that compensated demand functions are homogeneous of degree zero in prices,
implying the own and cross-price elasticities sum to zero, €,/ + €}/, = 0.
Combining these insights yields the following equation for differences in the expenditure share

in terms of relative prices, quality of life, and utility:

A .

§ = (el +1=5) — &)+ (e, — €mu) W + (g — €m)Q’ (4)

Here egQ is the compensated elasticity of housing demand with respect to quality of life and ej{u
is a similar elasticity for income.

We assume that similarly-skilled households are equally well-off across cities. When house-
holds are mobile, households should be indifferent across locations they inhabit, and utility by type
of household will not vary across cities. Rather, utility differences will represent inherent differ-
ences across households, such as different earnings potentials. We parameterize income in city j
as m? = (Jw’, where (7 is an index of wage-earning skills, and w’ is the city-wide wage level that
compensates households for living in that city.'*

To interpret the coefficient, we posit that our utility function is money metric around national
averages: u(x,y; Q) = e(p, ¢, u(x,y; Q), Q). This normalization allows us to write utility differ-
15

. . . . . g s . _ H _
ences in terms of differences in the skill index @/ = ¢, and impose ¢,,, = 1 and €y = Eym-

This motivates a compensated empirical model that replaces income in (2a) with a skill index:

In SZ = Bo + Bip’ + ol + Bsl + Bug’ + € (5a)
= Bo+ BB — &) + Bl + Ba’ + ¢ (5b)
where 8y = In s, 51 = egp +1—-s, = —f>and 33 = ¢,,, — 1. In practice, (Aj is an index estimated

€y,mEm,Q and egu = €y,mEm,u t0 get the resulting equation.

“When household types vary within city, the compensating wage differences will vary according to their tastes for
housing, quality of life, and taxes.

5Note that we implicitly impose the restriction that the skill index affects housing consumption through income, and
not through differences in tastes. If households with more skills like housing less (more) than those with fewer skills,
the income elasticity estimate will be biased downwards (upwards). Our index also does not handle how earnings over
the life-cycle may differ from permanent income.



from the average log wages households would earn in a typical city based on their human capital
and other location-invariant characteristics.

The main testable restriction is that 5, + §; = 0, which may be seen as a joint test of both
demand theory and mobility.!® When this restriction holds, the elasticity of substitution between
housing and non-housing goods is op = —(§/ — 27)/(p! — &) = —€ll /(1 — §,), so that 5, =
(1 —5,)(1 —op). When op is less (greater) than one, housing demand is said to be price inelastic
(elastic), and the expenditure share of housing rises (falls) with the relative price of housing, p/c.
An advantage of the compensated specification is that it estimates the elasticity of substitution
without reference to income, which our skill-index may not fully capture.

The general prediction for neutral quality-of-life amenities, with ¢, o = 0, is that they are net
substitutes for housing. However, when housing is a necessity, they increase the housing share
as households take lower real incomes to live in more amenable areas: ej{Q —€emo = —(1 —
€y.m)€m,q < 0. With an estimate of ¢, o — available from methods in Rosen (1979) or Albouy

(2008) — the uncompensated effect of an amenity on housing demand is calculated by netting out

this implied income effect using the formula €, o = B4 + B3€m0.

3.4 Economies of Scale in Housing Consumption

Shared living quarters make housing consumption partly non-rival in nature. This “non-congestibility,”
proposed by Barten (1964), and explored by Deaton and Paxson (1998), can have potentially large
price and income effects on housing demand. Here we sketch how to incorporate non-congestibility
in the demand framework. The uncompensated demand function for housing per household mem-

ber in a household of size n is:

- - m
y =n"j (c, pn? !, g) (6)

where 7 is the housing demand function for a single-member household, and m/n is income per

capita. The parameter ¢ governs the degree to which housing is congestible: ¢ = 1 implies that

161f mobility does not hold, then the coefficients would not be of equal magnitudes. Income effects in the uncom-
pensated elasticities would likely push coefficients on both housing and non-housing prices downwards.

10



housing is a purely congestible (or private) good. Log-linearizing this equation shows how the log

expenditure share varies with prices, houshold size, and log income per capita, m — n:

8y = (Eyp+ )P+ (Eyw — 1) (M — 1) — (gyp + Eym)C — (1 — @) [gyp + 1] (7a)

= (p—¢)+az(m—n—2<¢)+a,n (7b)

It then follows that congestibility ¢ = 1 + «a,,/a; € [0,1]. Note this places a restriction on
the estimates that 0 > «,, > —a;. In the appendix we demonstrate an analogous framework
for compensated demand, with ¢ = 1 + f,,/51 € [0,1]. The compensated framework is less
appropriate for dealing with differences in household size given our use of the skill index in light

of endogenous labor supply and household size choices.

3.5 Non-Homothetic Utility, Housing Share, and Cost-of-Living Functions

To allow the housing share to vary with both prices and income, we use the non-homothetic sep-
arable family CES (NH-CES) function from Sato (1977). Unlike other utility functions, it neatly
separates out a substitution parameter o, from a non-homotheticity parameter, v, as well as a dis-
tribution parameter 6. We amend the function for imperfect household congestion, ¢ and neutral

shifts in quality of life, Q):

o—1 V(U‘il)
6 (yn'=?) = +6,
Ulz,y;n, = — (8a
(z,y;m,Q) = Q PR )

where ) = [1—0—~0]/(yo) and Oy = [1 —0 —~(d —1)] /(o). This function becomes a standard
CES function (Arrow et al. 1961) as v — 0, and Cobb-Douglas (1928) if also 0 — 1. We show

in the appendix that the housing share and cost-of-living index associated with this utility function

11



are:

6 ()"
Y (-0
5 () 7+ (L= a)ee (5)

. v(1—0) i
COL(p,c,u;n, Q) = had [5” (nfjd))l + (1 —0)7c"? (2) ] (8c)

Sy(p7 G uymn, Q) - (8b)

Q Q

When (1 — o) > 0, households with higher utility consume less in housing, and need less income
to compensate them for rises in p. Our restricted log-linear model maps to this utility function:
when the right-hand side variables are demeaned, ) = 0Iné = Ins,, 5 = (1 —5,)(1 — o), and
ps = —y(1 — 5,)(1 — 0)/€mu, Where €,,, is the expenditure elasticity with respect to u. The
parameters are determined recursively with 0 = 1 — 3, /(1 — e®),§ = €%/7 vy = —¢,, .33/ B1."
The cost-of-living index in (8c) requires that prices p and ¢ are expressed in proportion to a
reference level of prices p and ¢. Furthermore, with a value of o and a reference value for s, e.g.,
the national average, the distribution parameter is set to § = {1 + [, /(1 — §,)]*/2)}~1. We can
incorporate a reference utility level for any household based on its housing consumption 32 and its
quality of life, as 8b implies (u/Q)"1 =) = [(1—s!)6°p' ] / (s}(1 — 6)7c"~7) . Local quality

of life measures, (), may be estimated using methods described in Albouy (2008).

3.6 Addressing Potential Biases in Elasticity Estimates

Several potential biases can arise in the estimation of the price and inccome elasticities of housing
demand. Regarding the price elasticity, our approach corrects for potential biases that may arise
from omitting non-housing prices, skill levels, and home-ownership. Additionally, the focus on
cross-metro variation limits potential biases due to taste-based sorting.

Figure 5A shows that non-housing prices vary positively with housing prices. Suppose ¢/ =
pp’ +v7, where p > 0 and v/ is white noise. Substituting this projection into equation 5b, together

with the elasticity of substitution, op, gives that 6p = 1 — 3;/[(1 — €®)(1 — p)]. Thus, the higher

"Because the units of u and ~ are not separately identified, we impose the restriction, COL(1,1,u;n,Q) = 1 to
solve for y and u/( simultaneously.

12



is p, the more ignoring non-housing prices biases ¢ upwards.

Omitting the skill level of workers, (7, can also bias estimates. As seen in figure 5B, higher-
skilled households locate slightly more in high-rent areas.'® If housing is a necessity, these house-
holds will exhibit a smaller housing share. Thus, higher-price areas have a low housing share
relative to their rent level without this control, biasing estimated substitutability upward.

Another bias may stem from housing tenure selection. Suppose the propensity to rent rises
with rent levels (possibly due to financing constraints), so that skilled households rent more in
expensive cities. If housing is a necessity, and controls for skills (or utility) are incomplete, this
could bias substitution elasticities upward. This suggests a control for the home-ownership rate.

Finally, there is the issue of unobserved taste-based sorting. Households that care more for
housing should sort to areas where rents are low, negatively biasing the expenditure-rent gradient
towards finding higher substitution. Such sorting behavior would likely cause the homogeneity
restrictions to fail. To check, we compare estimates using rent variation across metros with those
using variation within metros, where sorting is more likely. Nonetheless, this potential bias leads
us to view our estimates of the elasticity of substitution as an upper bound on the true value.

The main concern in estimating the income elasticity of housing demand is attenuation bias
from using current-period income. Indeed, our data include numerous observations for which rent
paid exceeds reported income. Taking metro-level medians should greatly reduce biases produced
by measurement error and transitory income. Nevertheless, cities themselves may be subject to
transitory income shocks. The wage index measure is purged of any location effects and should
suffer far less from these issues. It is still limited in that it only captures a snapshot of earnings
over the life cycle.!” Therefore, we view our preferred estimate of the income elasticity as a lower

bound on the actual elasticity.

8Moretti (2013) finds a stronger skill-rent relationship using education only. Our measure includes race, experience,
immigration status, and language ability.

19Classical measurement error in income implies that we observe ml =mi + n?, where 1/ is white noise. Defining
A =1 —war(n’)/var(mi|p’, ) as the reliability ratio, conditional on the other variables, the OLS estimate of a3
will give A(as + 1) — 1, and the inferred value of ¢, ,,, is attenuated classically to zero by the factor A\. Haider and
Solon (2006) estimate that as a measure of lifetime earnings, A peaks in the middle of the life cycle at a value of about
two-thirds.
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3.7 The Housing Share, or “Affordability’’ as a Measure of Welfare

What housing shares, s, tell us about well-being or affordability hinges on the nature of the
demand function. Housing must be a necessity for large shares to signal low well-being; it must
be price inelastic for high shares to indicate high prices. But if households are mobile, high prices
should reflect high wages or high quality of life. A household in an unsafe area with bad schools
and long commutes may spend little on housing, but still be worse off than a household spending
a larger share in an area with better amenities. If households are immobile, then high shares may

indicate lower welfare, although differing amenities and tastes still complicate analysis.?

4 Data

The primary data source for our cross-sectional analysis is the 2000 Decennial Census microdata
samples from IPUMS (Ruggles et al. 2004).>! These data generate metro-level indices of income,
m?, predicted income, (7, the rental-price index, p’, and the housing share, s?, as explained be-
low. For the price of non-housing goods, we use a series from Carrillo et al. (2013), or “CEQO,”
who construct the series from data by the American Chambers of Commerce Research Associa-
tion (ACCRA).? In our time series analyses, we combine data from several sources. The 1970,
1980, 1990, and 2000 Decennial Censuses and 2001 through 2014 American Community Surveys
provide data on the housing share, as do the 1984-2014 Consumer Expenditures Surveys (CEX)
and personal consumption expenditures data from the Bureau of Economic Analysis for the years
1970 to 2014. Current Population Survey (CPS) data from 1970 to 2014 provide data on house-
hold size and composition, and Consumer Price Index data from the Bureau of Labor Statistics

from the same years provide information on relative prices. The CPI for shelter from the BLS is

20 Additionally, elderly households, particularly homeowners, may consume high amounts of housing because they
have not adjusted from when their households were once larger.

21In the appendix we also consider the 1980 and 1990 Censuses and the combined 2007-2011 American Community
Survey (ACS). Each represents 5 percent of the U.S. population. The metro-level indices are calculated for Primary
Metropolitan Statistical Areas using 1999 Office of Management and Budget definitions. The Public-Use files are
available for Public-Use Microdata Areas (PUMAs), are matched to metropolitan areas using standard geographic
correlation techniques, which attempt to preserve the geography over different cross-sectional samples.

22These data begin in 1982, and so we use 1982 values for our 1980 specification.
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based on observed rents, and rents imputed for owned units using a rental-equivalence approach.??
The index is chain-weighted, accounting for changes in the geographic distribution of occupied
houses. The BEA measure of housing expenditures imputes rental-equivalent measures for owner-
occupied units. From the CEX, we take measures of average rental expenditures relative to all

expenditures. Both datasets include owner-occupiers.?*

4.1 Rental and Housing Expenditure Shares

We focus on median rental expenditure shares. Expenditures for owner-occupiers are complicated
by difficulties in measuring user costs of housing and complications from savings. The rental
share is the ratio of gross rents (including utility costs) to reported household income. Median
shares circumvent aggregation issues and mitigate measurement problems such as under-reporting

income, which can create very high shares for low income households.?

4.2 Price and Wage Indices

To calculate cross-sectional rental and house-price indices, we run regressions of the form In(P%) =
ap 4 BpXY + 51, + €3, where P¥ is the rent or imputed rent for unit i in area j. X is a vector
of housing-unit characteristics described in the appendix.?® The estimated area indicators, 61'), act

as our inter-area housing price indices, p’. To estimate a skill index, we run the wage regression

23The index is based primarily on a re-weighting procedure. The rental portion of the index may suffer from a
downward bias, discussed in Crone et al. (2010).

24We use total expenditures as the denominator rather than income when we use the CEX, as it is closer to the ideal
presented in the model.

25We also consider average and aggregate expenditure shares, equal to the sum of all rental payments divided by
the sum of all tenant income. We consider two possible expenditure measures for owner-occupiers. The first is total
monthly payments (or “cash-flow”) related to housing, including mortgages, property taxes, and utilities. While this
measure is appropriate for a static environment, it may diverge significantly from the true user-cost due to expected
capital gains, mortgage terms, and net improvements relative to (unobserved) depreciation and maintenance costs.
Most importantly, we do not observe income from home equity, which belongs on both the expenditure and income
side of the equation. We also consider a measure of self-reported housing values relative to household income. Ideally,
we would be able to model the decision to rent or own.

26We impute rents using the variable OWNCOST from the IPUMS microdata, which is the sum of mortgage and
similar payments, real estate taxes, hazard insurance, utilities and fuels expenses, and condominium and mobile home
fees where appropriate. When the regression includes both rented and owned units, X;J includes tenure status inter-
acted with every characteristic.
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In(W4) = oy + Bw Xyi + 6%, + €13, where WWj; is the hourly wage for person i in area j. X}V is
a vector of personal characteristics, and 5]W is a set of area fixed effects. The skill index (7 is from
the corresponding moment (e.g., median or mean) of the BWX %.27 The appendix covers additional

indices for robustness.

S Empirical Results

This section describes our estimates of the housing demand function. The heart of our estimation
strategy, in tables 1 and 2, is to use cross-sectional variation across U.S. metropolitan areas. Table

3 displays the results from aggregate time series data.

5.1 Cross-sectional Evidence
5.1.1 Price and Income Elasticities: Estimates and Robustness

Table 1 presents metro-level estimates using the compensated model from equation (5b), using the
log median rental share as the dependent variable in columns 1-4. Column 1 displays the results of
a simple regression of the log median rental share on the rental price index, recovering a median
expenditure share, s,, of 22.5 percent, and an implied price elasticity, ¢, ,, of -0.83.2

Figures 6A and 6B illustrate the inter-metropolitan relationship between median expenditure
shares and relative prices in the Census data. Figure 6A includes renters only, while 6B includes
both renters and owners.?® The regression line has slope 3; = —/f in equation (5b), with 33 =
B4 = 0 imposed. Both slopes are positive and statistically significant, indicating demand is price-
inelastic: expenditure shares are higher in areas with more expensive housing. Figure 6B features a
steeper slope and a tighter fit, although the housing share for home owners includes net investments

and excludes implicit rents. The slope may be biased for more reasons than discussed above.

2 Thus, raw wage differences across cities are the product of differences due to the area itself — compensating wage
differentials for costs-of-living and amenities — and the local skills of the workforce, summarized by the wage index.
Additional specifications use the average predicted values from the wage regressions.

2More technically, s, is the geometric mean of the median expenditure share across metro areas.

2 Accordingly, the former uses a price-index for rental units and the latter an index for all housing units.
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As expected, the coefficient on rents, 1, increases when the non-housing price index and the
skill index are included in column 2 of table 1. The implied price and income elasticities are -0.7
and 0.7, respectively. A test of the homogeneity of demand does not reject the null hypothesis that
B1 = —ps. Therefore, our preferred specification in column 3 imposes homogeneity of demand,
recovering an elasticity of substitution, op, of 0.69. The results in column 4 are largely unaffected
by controlling for local home-ownership rates, suggesting that unobserved determinants of renter-
ship do not bias our estimates.*

Column 5 uses the out-of-pocket expenditure share of home-owners as the dependent variable,
while column 6 includes owners and renters, as in Figure 6B. The estimates in these columns imply
smaller income and price elasticities than the results that are restricted to renters. The results in
column 5 fail the homogeneity restriction, casting doubt on the reliability of the results that include
homeowners, for whom it is more difficult to measure the theoretically appropriate concept of
rents.’! Column 7 uses the aggregate rental share, thereby weighting households in proportion to
their expenditures. The results are similar to column 3, with slightly higher elasticities.

Column 8 presents results using within-metro variation at the PUMA level to examine house-
hold sorting. This specification suggests a lower income and higher price elasticity. The specifica-
tion fails the homogeneity test, however, suggesting that either the non-housing cost data are not
reliable within metros or that taste-sorting is biasing the estimates.

Overall, our preferred estimates in column 3 reveal an uncompensated price elasticity of roughly
-2/3, an income elasticity near 2/3 and an elasticity of substitution near 2/3. Furthermore, the ho-
mogeneity restriction holds when using proper rental measures, even after controlling for home-
ownership, suggesting our compensated demand framework based on household mobility is a use-

ful estimation strategy.

3Davis and Ortalo-Magne’s (2011) data for metro areas support an elasticity of substitution of 0.85. However,
their index of rental costs differs from ours by controlling for commuting costs, and thus exaggerates the actual price
differences faced by households (e.g. that suburban dwellers in the New York suburbs face Manhattan prices), biasing
their results towards one. Their study does not account for income or non-housing prices.

3'We have also tried imputing rents by adding utility to costs to a percentage of self-reported home values based on
user costs. That percentage is either a uniform 6.2 percent, consistent with Albouy and Hanson (2014). The results
are qualitatively similar, except that the specification in column 6 also fails the homogeneity test.
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5.1.2 Household Size and Local Amenities

Table 2 incorporates household-size effects and local amenities both into the compensated demand
specification in the previous section and into estimates of uncompensated regression equations
modeled after equation (2a). The uncompensated regressions include a measure of household
income per capita instead of the skill index in the compensated regressions, which proxies for
earnings potential.

Columns 1 and 2 show the results of unrestricted Marshallian regression equations that include
measures of household income per capita and household size as suggested by (7b), with an addi-
tional control for the fraction of household residents under the age of 18, following Deaton and
Paxson (1998). The estimated price and income elasticities are somewhat smaller in column 1 than
in the previous table. Although the specification in column 1 passes the homogeneity test easily, we
remain suspicious of the estimated income elasticity, which is based on contemporaneous income,
and therefore likely to be biased downward. The coefficient on log household size is negative: con-
trolling for per-capita income, larger households consume less housing per capita. Combined with
the price elasticity, the implied congestibility of housing is approximately 0.5, halfway between a
pure public good and a pure private good within the household.*

Column 2 includes six commonly measured metropolitan amenities taken from Albouy (2008):
mild winters, cool summers, sunshine, coastal proximity, hilliness, and clean air. Each is re-
normalized in standard deviations and signed so that a positive value is supposed to increase utility.
None of the amenities is statistically significant at the 5-percent level.*® The addition of so many
amenities appears to have saturated the model to the point where the price and income estimates no
longer satisfy homogeneity, which may be the result of imperfect measurement and the Iron Law
of Econometrics (Hausman 2001).

Columns 3 and 4 consider compensated models that incorporate household size and composi-

tion effects. They replace the skill index with a skills-per-capita index. The coefficient on house-

3Intriguingly, this estimate is not far from equivalence scales that suggest using the square root of household size
(OECD 2008), although here we only consider housing.
33Cool summers and coastal proximity are significant at the 10-percent level.
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hold size is slightly smaller than in column 1 and less precise. Indeed, it is no longer statistically
significantly different from zero, perhaps reflecting the greater difficulties of applying a Barten-
style model in a compensated demand framework. The implied congestion parameter is small, but
is not distinguishable from the earlier value of 0.5 at normal significance levels.

In column 4, we see stronger evidence that some amenities may impact housing demand. The
typically positive coefficients provide indirect evidence that housing is a necessity, as higher ameni-
ties should reduce real money incomes holding utility constant. Indeed, the estimates in column
5 show the results of a regression of estimated quality of life, adapted from Albouy (2008), on
the regressors from column 4.>* The estimates confirm that all of these amenities increase the
willingness-to-pay of households to live in a given area. A one standard deviation increase in each
amenity appears to lower real income between 0.6 percent, in the case of clean air, and 2.5 percent,
in the case of proximity to the coast.

Once the income effects of these amenities are netted out, as seen in column 6, their effects on
housing demand are more striking. The effect of the average slope of the land, or “hilliness”, is
decidedly stronger than in column 2, suggesting that households may indeed demand larger houses
in hilly areas after controlling for the higher prices there. This could be due to residents wanting to
take advantage of better views from their homes, or enjoying the greater visibility of their homes.
Furthermore, there is stronger evidence that housing demand in places with extreme heat also tends
to be greater. This pattern may arise if heat induces residents to spend more time on their property,
indoors or out. One caution with the amenity estimates is that they are based on a regression that
no longer satisfies the homogeneity restriction, perhaps from multi-collinearity among regressors.

Although they stretch the limits of the data, we view the results of table 2 as broadly consistent
with our preferred results in table 1. There is some evidence that housing is a partially public good
within the household, with a congestibility parameter of about one half. There is also suggestive

evidence that some amenities, like hilliness and extreme heat, increase demand for housing.

34This is based on a regression of a quality of life/willingness-to-pay index on the observed amenities. Following
Albouy (2008), this index balances costs-of-living relative to after-tax nominal income gains given by Qj = s,p’ +
S0 — (1- T)swzizj, where 7 is the marginal tax rate, s,, is the average income share from labor, and W’ is the
estimated impact of location j on renters’ wages.
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5.2 Time Series Evidence
5.2.1 Time Series Estimates

Table 3 presents uncompensated demand estimates using the time series data presented in figures
1 and 3 for the years 1970-2014. These specifications use nominal prices and incomes, and thus
(perhaps ambitiously) estimate an inflation index that balances housing versus non-housing goods
from the observed behavior of households. We consider two different indices for the relative price
of housing. The first uses the BLS’s official measures, while the second incorporates the revisions
proposed by Boskin (1996) and Crone, Nakamura, and Voith (2010).

We focus on restricted models satisfying homogeneity of degree zero in prices and income,
which are not rejected by formal tests in our preferred specifications. The specifications include
two additional terms. One is a linear time trend, ¢, that may capture secular changes in household
preferences, for instance due to cohort effects, or increasing complementarity with local amenities
as households have shifted locations.*® The second term is the logarithm of household size, In(n).
The multi-collinearity between prices, incomes, and household size pushes the limit of what the
time-series can identify.

Estimates from the BEA numbers with the official CPI, shown in column 1, imply an own-price
elasticity of -0.55, an income elasticity of 0.61, and household size effect of -0.36. These are not
far from the uncompensated estimates in table 2 and pass the homogeneity test. The estimated
time trend is 0.007 per year, which we suspect may come from an under-estimate of the income
elasticity. This result is consistent with the findings of Aguiar and Hurst (2013). The coefficient
on log household size suggests a low degree of congestibility in housing demand.

The estimates in column 2, which use the revised relative price index, suggest larger price
and income elasticities that are even closer to the cross-sectional estimates, but nonetheless still
pass the homogeneity restriction. They also exhibit a similar estimated time trend, although the

coefficient on log household size becomes positive, contrary to intuition and our previous results.

33The time trend may also reflect simple measurement error resulting from limitations in the data and its ability to
identify low-frequency responses in housing consumption from shifting prices and income.
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Columns 3 and 4 use the expenditure shares from the CEX for renters. These estimates are
less precise and produce income and substitution elasticities much closer to one. Using the revised
relative price index does not change the estimates substantially. Again, the estimated time trend
is about 0.01 per year. The estimated coefficients on log household size are too imprecise to draw

meaningful conclusions about the congesitibility of housing demand.

5.2.2 [Explaining Changes in the Housing Share over Time

In table 4, we decompose the growing share of income spent on housing discussed in the introduc-

tion. Rearranging (4) and replacing () with n and ¢, we have
Sy= 1 —s,+e)p—8)+ (egm — V[ — ) —5,(p— &) + it + it +e  (9)

The first component represents the change due to the pure compensated price effect. This effect is
positive when the relative price of housing increases if ¢ < 1,as 1 — s, + €}, = (1 —s,)(1 — 0).
The second component is the income effect, from a parallel rise in the budget set, making the
proper adjustment for changes in relative prices. The third component, o, 7, accounts for changes
in household size; the fourth, o,t, the estimated time trend; and the fifth, e, is a residual.

Table 4 explains the overall increase in the log housing share of 6.7 percent (just under 2
percentage points) in the BEA numbers from 1970 to 2014. Column 1 uses parameters close to
our preferred cross-sectional estimates in column 3 of table 1, with an elasticity of substitution
and income elasticity of housing demand of two-thirds. The congestibility parameter ¢ is taken to
be one-half, in line with the results in columns 1 and 2 of table 2. The specification incorporates
the CPI numbers revised for both the CNV and Boskin critiques. The compensated price effect
accounted for a nearly 23 percentage point increase in the housing share under this specification,
while the income effect reduced it by by nearly 45 points. Shrinking household sizes also pushed
up the housing share by 4 points. Nonetheless, the parameters from the cross-sectional estimates

leave a large part of the increase in the housing share unexplained, as relatively easy substitution
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from housing to other goods leaves the compensated relative price effect outweighed by a large
income effect.

Column 2 parametrizes the numbers by shading our estimates slightly in the direction where
biases are most likely: thus op = 0.5 < 0.667, and €,,,, = 0.833 > 0.667. ¢ is kept at 0.5.
Column 2 also uses the CPI numbers revised for both the CNV and Boskin critiques. Under this
specification, the relative price effect and the household size effect combine to explain an increase
in the housing share of over 39 points. After the subtracting the income effect, the net effect is
17 points, slightly over-predicting the observed change of nearly 7 points, which is left in the
time trend and residual. Thus, only modest changes to our cross-sectional parameter estimates are
necessary to produce the observed increase in housing’s share of expenditure.

Column 3 maintains the revised relative price index but uses the parameters estimated from
the time series evidence in column 2 of table 3. The primary difference from the cross-sectionally
estimated parameters is that the household congestion parameter is larger than one, contrary to
what would be predicted by theory. Accordingly, the decrease in average household size led to
an 8 point increase in the housing share in this specification, reducing the specification’s ability to
explain the increase in the housing share.

Column 4 uses our preferred parametrization from column 2 in combination with the official
CPI. Using the official CPI implies both a smaller increase in the relative price of housing and
slower growth in real incomes. The income effect’s weaker tendency to decrease the housing
share outweighs the price effect’s weaker tendency to increase it, leading to a predicted change of
approximately zero under these parameters. Column 5 uses the parameters from the time series
estimates in column 1 of table 3, which also use the official CPI. The income effect predicts a very
large fall in the housing share, which is offset only partially by a small price effect.

Finally, column 6 applies our preferred parametrization from column 2 along with the revised
CPI to the CEX data from 1984 to 2014. The CEX data show a much larger increase in the
housing share, of nearly 24 percent. Notably, the income effect is very small in the CEX data, as

real incomes grew just 24 percent. Together, the relative price effect and slight decrease in average
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household size can account for just over half of the observed increase in the housing share in this
specification.

Overall, the results in table 4 indicate that economic fundamentals are able to account for the
observed increase in housing’s share of expenditure since 1970 when Boskin’s (1996) and Crone,
Nakamura, and Voith’s (2010) critiques of the official CPI are considered. Slight modifications
to reflect the likely biases in our cross-sectional estimates of the housing demand function are

sufficient to explain more than the entirety of the observed increase in the housing share.

6 Applying Estimates of Housing Demand

6.1 Changes in Housing Affordability, 1970 to 2010

Table 5 shows that since 1970, the percentage of households facing “extreme” (over 50 percent)
housing affordability burdens rose from 16 to 28 percent, while the share facing “moderate” (over
30 percent) burdens rose from 30 to 53 percent. The median expenditure share devoted to rent rose
from 20 to 31 percent in that time.

To explain this decline in affordability, we consider five separate trends in the economy from
1970 to 2010. First is the change in household composition and age structure. We consider this
demographic change by dividing households into 36 categories household type and age categories,
defined by the mean age of adults.*® The 2010 sample is re-weighted so that these groups have the
same proportion as in 1970.

The second trend is the increase in income inequality, which has pushed the income of renters
down relative to average incomes. To assess this effect, we construct a counterfactual income dis-
tribution that assigns each household the income it would have earned if all incomes had increased

proportionally between 1970 and 2010.3” We denote household i’s counterfactual income 772;. We

36We define the six household types as one adult without children, one adult with children, two adults without
children, two adults with children, three or more adults without children, and three or more adults with children. We
define the six age categories as 18-24, 25-34, 35-44, 45-54, 55-64, and 65+, where age is defined as the mean age of
the adults.

37Fo1rmally, we calculate household incomes at each percentile, ¥ = 1, ..., 100 for years t = 1970, 2010, m,’f, as
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multiply In(r;/m;) by the income effect €,,, — 1 to determine increasing income inequality’s
effect on household i’s log income share devoted to housing (€, ,, — 1) In(r;/m;).

Third, we consider increasing rental dispersion across metro areas, as in Moretti (2013). In-
creased dispersion will reduce affordability if rent increases happen disproportionately in areas
with more renters. We assume that households’ incomes are compensated for relative price in-
creases, and thus calculate the compensated response (e +1—s,)[In(plgzo/Pho10) —In(Pr9ro /Bo10)].

Fourth, following our previous analysis, we consider changes in average real incomes from
1970 to 2010. The income effect on housing demand is the change in average income, after ac-
counting for the change in non-housing prices, times the income effect, €, ,,, — 1. We consider both
the official and revised CPI in these calculations.

Fifth and finally, we consider changes in the national average rent level. We calculate what
affordability would have been if average rents had not increased from 1970 to 2010 using the
uncompensated price elasticity of housing demand to account for the behavioral response through
the formula (e, , + 1) In(P1970/P2010). Lower rents increase affordability provided that €, , > —1.
We again consider the official and revised CPI in these calculations.

Table 5 accounts for these factors’ contributions to the 22 and 12 percentage point increases
in households facing moderate and extreme affordability burdens, respectively, as well as the 11
point increase in the median expenditure share among renters from 1970 to 2010. We consider
two of the parametrizations from table 4. The first uses income and substitution elasticities of two-
thirds each, close to our estimated values; the second uses an elasticity of substitution of 0.5 and
an income elasticity of 0.833.

The change in household composition had small effects under both parametrizations, reducing
the share of households facing an extreme burden by 0.8 percentage points but having a negligi-
ble effect on the other two measures. Widening income inequality had larger effects on moderate

than extreme burdens, increasing them by 2.9 and 1.0 points, respectively, in the first parametriza-

well as mean incomes, m;. Based on each household’s observed income m;, the counterfactual income is m; =

= = k k
m;[(M2010/M1970)/ (M3010/MTg70)]-
38Using uncompensated regressions would create a lower response. We use contemporary population distributions

to calculate relative price changes.
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tion, and by half as much in the second. Changes in rent dispersion did disproportionately impact
renters, although increasing dispersion explains less than a one point increase in affordability bur-
dens in either parametrization.

The largest drivers of affordability burdens are increases in average incomes and average rents.
The income effects are muted using the official CPI because real incomes changed little. The
increase in average relative rents drives 5.8 and 3.2 point increases in moderate and extreme bur-
dens under the first parametrization, and somewhat larger increases of 7.6 and 4.3 points under the
second.

Using the revised CPI, the increase in average incomes has a much larger impact, as implied
real incomes rose considerably faster than under the official CPI. Under the first parametrization,
rising real incomes accounted for 6.1 and 0.2 point decreases in the affordability burdens, while
under the second, the implied reductions in the affordability burdens were 3.0 and 1.8 percent. The
change in average relative rents is much more pronounced using the revised CPI, explaining 13.3
and 5.5 point increases in the affordability burdens using the first parametrization, which increase
to 16.3 and 9.3 points under the second.

Taken together, the five factors we consider explain more than 70 percent of the increase
in housing affordability burdens from 1970 to 2010 using the revised CPI under our preferred

parametrization.

6.2 Utility and Expenditure Functions

The estimates from the previous sections are sufficient to identify the utility and expenditure func-
tions in section 3.5. For illustration, we round the parameters based off of estimates from column
3 of table 1, setting o = 2/3,0 = 1/8,v = 4/3, and ¢ = 1/2. Using these values in equations (8a)

and (8c) yields the following utility and cost-of-living functions:

3

27 — 14212 \*? w1 3 1 (u)"’
Unn—cps = COLxyons = = |zp"° + 2 (5 10
NH-cES = ( <2y—1/2n—1/4+3> : NH-CES = &5 | 4P + e 0 (10)
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The units of x and y are median income shares for renters, with baseline values of x = 0.78 and
y = 0.22. We hope these functions will have direct applicability to quantitative models in urban,

macro, or public economics involving the housing sector.>

6.3 Cost-of-Living Indices over Space and Time

The estimated housing demand parameters may be used to calculate realistic cost-of-living indices
(COLIs). We compare an index that assumes perfectly price- and income-inelastic housing de-
mand (COL1), an index that assumes Cobb-Douglas preferences over housing and other goods
(i.e., unitary price and income elasticities of housing demand; COL2), an index that relaxes the
assumption of a unitary price elasticity but maintains the assumption of homotheticity (i.e., a CES
demand function; COL3), and an index that allows for a non-homothetic CES demand function at
the median household income and one half the median household income (Separable CES; COL4).
Figure 7 plots these indices against the relative price of housing (p’ /¢?) for realistic variations over
time and space. Panel A uses parameters close to those estimated in column 3 of table 1, while
panel B uses the alternative parametrization in tables 4 and 5, which is meant to account for likely
biases in the cross-sectional estimates.

Figure 7 shows how the fixed housing demand measure overstates differences in cost-of-living
by ignoring households’ ability to substitute between housing and other goods according to their
relative prices, while the Cobb-Douglas preference measure understates these differences by as-
suming that substitution is easier than in reality. The separable (non-homothetic) CES COLI is
steeper than those that fail to account for income effects. For poorer households, the other COLIs
understate the burden of living in expensive areas, and overstate it in poorer areas. The correct in-

dex accounts for how high-rent cities are especially expensive for the poor. Of course, the regular

¥ For quantitative and analytical purposes, researchers might do well to use a more stylized LES utility and COL
functions. Using a standard parametrization, set the share 6 = 1/6, and minimum consumption z = 0 and, y=0.1.

pL/6c5/6 4

1/6
Ues = Q (yn'/? = 0.1) " 2%/%,COLLps = 0.1p + 09= 1 g

Y

This corresponds to a typical housing share of 25 percent, with the minimum being 10 percent of median income. For
a typical household the own-price elasticity is -2/3 and the income elasticity is 2/3.
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CES function could be adapted to poorer households simply by changing its distribution parameter
0. The advantage of the non-homothetic CES function is that it offers a continuous mapping of

cost-of-living for any income group, properly referenced to a given city at a given point in time.

6.4 Real Income Changes over Time and Growing Real Income Inequality

Using the ideal price index to deflate changes in income over time has different effects than using
a fixed bundle index for two reasons. First, because housing is a necessity, the welfare of poorer
households is reduced more by increases in the price of housing. Second, our index corrects for
“substitution bias” automatically, mitigating welfare reduction for all groups. Table 6 deflates the
nominal changes at the 10th, 50th, and 90th percentiles of the household income distribution from
1970 to 2010 using our ideal cost-of-living index and a comparable fixed-price index. Once again,
we consider the two parametrizations from tables 4 and 5 along with the official and revised CPlIs.

Nominal incomes of households at the 90th percentile rose 27 percentage more quickly than
those at the 50th percentile and 25 percent more quickly than those at the 10th percentile. With
homothetic preferences, the differences in real income growth of households at those percentiles
would have tracked the differences in nominal income growth. Our ideal index (COL4), using the
first parametrization, shows that with the official CPI, households at the 10th percentile saw real
income growth of 10.9 percent, while those at the 90th percentile saw growth of 46.1 percent. This
implies that real income inequality grew by 35.2 percent between these groups, or 3 percent more
than standard numbers would show. Using the revised CPI, our ideal index implies that real in-
comes at the 90th percentile grew 9.7 percent faster than a fixed consumption bundle would imply,
as the income effect pushed down richer households’ share of expenditure devoted to housing. The
results suggest that real income inequality grew by 45.7 percent from 1970 to 2010.

These differences are graphed in Figure 8 for the 50th and 90th percentiles. With the revised
CPI we see incomes rising for all groups, but noticeably more for the 90th percentile. The figure
shows that using the revised CPI implies an even larger increase in real income inequality than

implied by the official CPI.
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The smaller substitution possibilities implied by the second parametrization implies that all
households experienced weaker real income growth than suggested by the first parametrization.

However, the growth of real income inequality is also smaller under this parametrization.

7 Conclusion

Our econometric framework reveals that a spatial framework may be useful for estimating demand
systems for goods, such as housing, whose prices vary considerably across locations. Both tempo-
ral and spatial estimates suggest that uncompensated own-price and income elasticities are close to
two-thirds in absolute value. Thus, unit elasticities are better approximations than zero elasticities,
although neither extreme can explain the observed variation in housing consumption across metro
areas and over time.*

Rising rents appear to be the primary driver of the rising housing share in the national income
accounts, and, to a lesser degree, the affordability crisis in rental markets. Increasing inequality as
well as declining household sizes also appear to play a role, but there is some room for a secular
rise in housing consumption that basic economic modeling cannot explain.

The estimated non-homothetic CES utility and cost-of-living functions we provide should be
useful for realistic and tractable quantitative modeling in several economic fields.*! They suggest
substantial roles for substitution as well as for non-homotheticity. Indeed, we find that expensive
cities are even more expensive for the poor, thereby exacerbating affordability problems. More-
over, nationally rising rents over time have increased real-income inequality considerably, even
while spatial trends have not (Moretti, 2013). These findings highlight the idea that the “afford-
ability crisis” in housing is deeply tied to the overall well-being of households, particularly at the

bottom of the income distribution. Therefore, policies and regulations that raise rents by creating

40Taste-based sorting across space may bias our estimates towards finding greater price elasticity, but a large role
for sorting seems incompatible the results of our specification tests. Moreover, those tests provide unique support for
spatial estimates, as well as indirect evidence that household mobility is great enough to ensure compensating price
and income differentials.

#10ur elasticity of substitution estimates are consistent with the assumptions made by Albouy and Stuart (2014) and
Rappaport (2008), who do not consider non-homotheticity.
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artificial shortages in housing supply (Glaeser and Gyourko 2013, Albouy and Ehlrich 2016) may

have particularly concerning distributional consequences.*?
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TABLE 1: COMPENSATED DEMAND FUNCTION ESTIMATES AT THE METROPOLITAN LEVEL USING 2000 CENSUS DATA

@ @) 3 “ &) Q) Q) (®
LogMedian  Log Median  LogMedian = LogMedian  Log Median  Log Median  Log Aggreg.  Log Median
Dependent Variable: Rental Share  Rental Share  Rental Share  Rental Share  Spend. Share  Hous. Share ~ Rental Share  Rental Share
Panel A: Regression Results
Rental/Housing Price Index 0.172 0.233 0.239 0.246 0.392 0.407 0.233 0.163
(0.026) (0.029) (0.027) (0.027) (0.053) (0.032) (0.025) (0.015)
Non-Housing Price Index -0.185 -0.239 -0.246 -0.123 -0.407 -0.233 0.475
(0.087) (0.027) (0.027) (0.157) (0.032) (0.025) (0.285)
Skill/Predicted Wage Index -0.298 -0.282 -0.287 -0.511 -0.511 -0.173 -0.529
(0.108) (0.112) (0.112) (0.148) (0.132) (0.115) (0.027)
Homeownership Rate 0.079
(0.061)
Constant -1.492 -1.492 -1.492 -1.492 -1.703 -1.628 -1.640 -1.495
(0.006) (0.004) (0.004) (0.004) (0.008) (0.006) (0.005) (0.001)
Sample Size (number of areas) 331 331 331 331 331 331 331 1655
Adjusted R-squared 0.297 0.518 0.519 0.524 0.577 0.674 0.432 0.109
Homogeneity of Demand Restricted No No Yes Yes No Yes Yes No
Unconstrained Sum of Housing and Non- 0.047 0.047 0.043 0.269 0.127 0.065 0.622
Housing Price Index Coefficients 0.071) 0.071) (0.066) 0.127) (0.102) (0.082) (0.287)
P-value of Test of Homog. of Demand 0.504 0.504 0.519 0.035 0.212 0.429 0.031
Sample Renters Only  Renters Only  Renters Only  Renters Only ~ Owners Only ng::i::d Renters Only  Renters Only
Unit of Observation Metro Metro Metro Metro Metro Metro Metro PUMA
Panel B: Implied Demand Paramters
Geometric Mean Expenditure Share 0.225 0.225 0.225 0.225 0.182 0.196 0.194 0.224
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000)
Uncompensated Own Price Elasticity of -0.828 -0.700 -0.697 -0.689 -0.515 -0.492 -0.734 -0.719
Housing Demand (0.026) (0.043) (0.042) (0.043) (0.073) (0.052) (0.037) (0.019)
fncome Elasticity of Housing Demand 1.000 0.702 0.718 0.713 0.489 0.489 0.827 0.471
Restricted (0.108) (0.112) (0.112) (0.148) (0.132) (0.115) (0.027)
Elasticity of Substitution Between Housing 0.691 0.682 0.493 0.711 0.790
and Consumption Goods o (0.035) (0.035) (0.040) (0.032) (0.019)
Distribution Parameter § 0.116 0.112 0.037 0.100 0.151
(0.012) (0.012) (0.010) (0.010) (0.007)
Non-homotheticity Parameter y 1.178 1.165 1.254 0.743 3.252
(0.444) (0.430) (0.272) (0.484) (0.241)

Robust standard errors reported in parentheses. The predicted wage index is based on the wage level predicted by education, experience, race, immigrant status, occupation, and
industry, partialing out the effect of location. Homogeneity of demand test is for whether the coefficients on the rental/housing price index and the non-housing price index sum to
zero. All regressions include controls for the log trimean of household size. All regressions exclude households that include college students.



TABLE 2: UNCOMPENSATED AND COMPENSATED DEMAND FUNCTIONS WITH HOUSEHOLD SIZE AND AMENITY SHIFTERS -
2000 CENSUS DATA, RENTERS ONLY

Uncomp- Uncomp- Housing
ensated ensated Compensated Compensated Amenity Value Effects
@ @ ©) @ ® (O]
Adj. Rental
Dependent Variable: Rental Share ~ Rental Share ~ Rental Share  Rental Share  Qual. of Life Share
Panel A: Regression Results
0.553 0.529 0.233 0.149
Rental/Housing Price Index
(0.023) (0.033) (0.029) (0.025)
-0.037 0.105 -0.185 0.143
Non-Housing Price Index
(0.064) (0.060) (0.087) (0.084)
Log Trimean Household Income per -0.533 -0.501
Capita (0.036) (0.036)
-0.298 -0.300
Household Skill Index 0.108) 0.093)
-0.299 -0.281 -0.204 -0.312
Log Trimean Household size
(0.045) (0.039) (0.147) (0.117)
0.04 0.058 0.291 0.182
Trimean Fraction of Children !
(0.122) (0.096) (0.177) (0.129)
Mild Winters (Minus Heating Degree 0.002 0.011 0.007 0.009
Days in 1000s) (0.005) (0.008) (0.007) (0.005)
Cool Summers (Minus Cooling Degree -0.010 -0.016 0.017 -0.021
Days in 1000s) (0.006) (0.008) (0.006) (0.005)
-0.004 .012 .01 .
Percent of Annual Sunshine Possible ((?(())(())5) (g 806) (8 802) (g ggg)
-0. .002 .02 -0.
Proximity to Coast (Log Inverse Distance) ((?(())(())47) (g 326) (8 8045&) ((;) (;)(;)55)
e 0.005 0.019 0.009 0.016
Hilliness (Average Slope of Land) 0.003) 0.004) 0.003) 0.003)
Clean Air (minus median AQI) 0.003 0.007 0.006 0.005
(0.002) (0.003) (0.003) (0.003)
Constant -1.492 -1.492 -1.492 -1.492 -0.018
(0.003) (0.002) (0.004) (0.003) (0.004)
Sample Size (number of areas) 331 329 331 329 329
Adjusted R-squared 0.807 0.817 0.518 0.655 0.439
Unconstrained Sum of Price and Income -0.017 0.133 0.047 0.292
Coefficients (0.053) (0.055) (0.071) (0.078)
P-value of Test of Homog. of Demand 0.744 0.016 0.504 0.0002
Panel B: Implied Demand Parameters
Geometric Mean Expenditure Share 0.225 0.225 0.225 0.225
(0.001) (0.001) (0.001) (0.001)
Uncompensated Own Price Elasticity of -0.447 -0.471 -0.700 -0.784
Housing Demand (0.023) (0.033) (0.043) (0.038)
.. . 4 4 702 .
Income Elasticity of Housing Demand 0467 0499 0.70 0.700
(0.036) (0.036) (0.108) (0.093)
. . . 0.458 0.468 0.121 -1.095
Congestion of Housing Consumption ¢
(0.078) (0.073) (0.584) (0.718)

All specifications include renters only. Robust standard errors in parentheses. Test of homogeneity of demand for the uncompensated regressions
is that the coefficients on both price indices and income sum to zero. Rental share in column 6 is adjusted to reflect quality-of-life's effects on real
income as discussed in section 5.1.2 and footnote 33.



TABLE 3: NATIONAL HOUSING DEMAND OVER TIME - ESTIMATES

Data Source: BEA BEA CEX CEX
Consumer Price Index: Official Revised Official Revised
Dependent Variable: Log Aggregate Housing Expenditure Share
) @ (©) “
Panel A: Restricted Regression Results
Log CPI-U: Shelter minus Log CPI-U: All Items Less Shelter 0452 0.351 0.171 0.177
(0.042) (0.034) (0.140) (0.131)
Log Average Income/Expenditures Per Capita minus Log CPI- -0.389 -0.324 -0.205 -0.207
U: All Items Less Shelter (0.060) (0.051) (0.173) 0.172)
Linear Time Trend (years) 0.007 0.008 0.009 0.010
(0.002) (0.002) (0.001) (0.002)
Log Household Size -0.359 0.333 0.760 0.819
(0.093) (0.125) (0.698) (0.683)
Constant -1.717 -1.717 -1.222 -1.222
(0.003) (0.003) (0.004) (0.004)
Sample size (years) 45 45 31 31
Sample Period 1970-2014 1984-2014
P-value of Test of Homogeneity of Demand 0.455 0.515 0.857 0.743
Panel B: Implied Demand Parameters
Geometric Mean Expenditure Share 0.180 0.180 0.295 0.295
(0.001) (0.001) (0.001) (0.001)
. . . -0.548 -0.649 -0.829 -0.823
Uncompensated Own-Price Elasticity of Housing Demand
(0.042) (0.034) (0.140) (0.131)
Income Elasticity of Housing Demand 0.611 0.676 0.795 0.794
(0.060) (0.052) (0.173) (0.172)

Newey-West standard errors reported in parentheses. Income/expenditure measure in per capita terms. Homogeneity of
demand requires that the coefficients on log CPI-U for shelter, log CPI-U for all items less shelter, and log real household
income sum to zero. The restricted regressions shown impose this constraint making one estimate redundant. For non-BEA
series, a moving average with weight of 0.5 for the year after and the year before is used. Columns 2 and 4 revise the CPI-U
for shelter according to Crone, Nakamura, and Voith (2010), and also revise the CPI-U for Shelter and All Items Less

Shelter for the biases reported in the Boskin Commission (1996).



TABLE 4: DECOMPOSING INCREASES IN THE HOUSING SHARE OVER TIME

&) 2) A3) “) (%) (0)
Data Source BEA BEA BEA BEA BEA CEX
Consumer Price Index  Revised CPI ~ Revised CPI  Revised CPI ~ Official CPI ~ Official CPI =~ Revised CPI
Cross- Low Time Series Low Time Series Low
Parameters Used: Sectional Subst./Weak Estimates Subst./Weak Estimates Subst./Weak
Estimates Income Eff. Income Eff. Income Eff.
Elasticity of Substitution 0.667 0.500 0.643 0.500 0.534 0.500
Income Elasticity 0.667 0.833 0.676 0.833 0.611 0.833
Household Congestion 0.500 0.500 1.949 0.500 0.206 0.500
Observed Change:
Change in Log Relative Prices 0.828 0.828 0.828 0.306 0.306 0.351
Change in Log Deflated Incomes 1.339 1.339 1.339 1.128 1.128 0.237
Change in Log Household Size -0.239 -0.239 -0.239 -0.239 -0.239 -0.075
Change in Housing Share 0.067 0.067 0.067 0.067 0.067 0.239
Sample Years 1970-2014 1970-2014 1970-2014 1970-2014 1970-2014 1984-2014
Change in Housing Share Attributable to:
Compensated Relative Price Effect 0.226 0.340 0.242 0.125 0.117 0.124
Income Effect -0.446 -0.223 -0.434 -0.188 -0.439 -0.039
Household Size Effect 0.040 0.053 -0.080 0.053 0.086 0.015
Time Trend 0.272 -0.087 0.341 0.065 0.310 0.137
Residual -0.025 -0.015 -0.002 0.012 -0.008 0.002
Total Unexplained 0.247 -0.102 0.339 0.077 0.303 0.140

Parameters in Estimate 1 (column 5) taken from Table 3, column 1. Parameters in Estimate 2 (column 3) taken from Table 3, column 2.
Parameterization 1 allows for moderate substitutability between housing and other goods and assumes housing is a necessary good.
Parameterization 2 assumes weaker substitutability and income effects.



TABLE 5: UNDERSTANDING INCREASES IN HOUSING AFFORDABILITY BURDENS FOR RENTERS, 1970-2010

Share with Share with
Median Moderate Extreme
Exependiture Burden Burden
Share (over 30%) (over 50%)
@ @) 3)
Renter Households in 2010 0.306 0.524 0.276
Parameterization 1: Income Elasticity 2/3, Elasticity of Substitution 2/3
1. Undoing Changes in Household Composition 0.306 0.522 0.268
2. Undoing Increases in Income Inequality 0.293 0.493 0.258
3. Undoing Changes in Relative Rents 0.291 0.489 0.254
4A. Undoing Increase in Average Income (Revised CPI) 0.321 0.550 0.257
5A. Undoing Increase in Average Rents (Revised CPI) 0.256 0.416 0.202
4B. Undoing Increase in Average Income (Official CPI) 0.292 0.492 0.257
5B. Undoing Increase in Average Rents (Official CPI) 0.264 0.434 0.224
Parameterization 2: Income Elasticity 5/6, Elasticity of Substitution 1/2
1. Undoing Changes in Household Composition 0.306 0.522 0.268
2. Undoing Increases in Income Inequality 0.299 0.507 0.263
3. Undoing Changes in Relative Rents 0.296 0.500 0.258
4A. Undoing Increase in Average Income (Revised CPI) 0.311 0.530 0.276
5A. Undoing Increase in Average Rents (Revised CPI) 0.232 0.367 0.183
4B. Undoing Increase in Average Income (Official CPI) 0.297 0.502 0.259
5B. Undoing Increase in Average Rents (Official CPI) 0.261 0.426 0.216
Renter Households in 1970 0.197 0.303 0.156

Notes: Datasets used are 1970 Census and pooled 2009-2011 American Community Survey. Moderate burden is defined as an
expenditure share on housing in excess of 30%; extreme burden is defined as expenditure share in excess of 50%. Counterfactual
1 assumes no change in household composition 1970-2010. Counterfactual 2 assumes no increase in income inequality 1970-2010.
Counterfactual 3 additionally assumes no increase in dispersion of rents across metro areas 1970-2010. Counterfactual 4
additionally assumes no increases in average incomes 1970-2010, deflated by CPI. Counterfactual 5 assumes no increase in
average rents 1970-2010, deflated by CPI.



TABLE 6: CHANGES IN REAL INCOMES 1970-2010 BY INCOME PERCENTILES IDEALLY DEFLATED

Household Income Ratio Ideal Ideal Deflated Deflated Fixed Ideal Correction to
Position 2009/1970 Deflator Income Bundle Fixed

Parameterization 1: Income Elasticity 2/3, Elasticity of Substitution 2/3
Panel 14: Official CPI

10th Percentile 6.103 5.504 1.109 1.120 -0.011
50th Percentile 6.002 5.440 1.103 1.102 0.002
90th Percentile 7.869 5.386 1.461 1.444 0.017
Panel 1B: Revised CPI

10th Percentile 6.103 4.862 1.255 1.253 0.002
50th Percentile 6.002 4.717 1.273 1.232 0.040
90th Percentile 7.869 4.596 1.712 1.615 0.097

Parameterization 2: Income Elasticity 5/6, Elasticity of Substitution 1/2
Panel 24: Official CPI

10th Percentile 6.103 5.473 1.115 1.120 -0.005
50th Percentile 6.002 5.442 1.103 1.102 0.001
90th Percentile 7.869 5.414 1.453 1.444 0.009
Panel 2B: Revised CPI

10th Percentile 6.103 4.825 1.265 1.253 0.012
50th Percentile 6.002 4.753 1.263 1.232 0.031
90th Percentile 7.869 4.688 1.678 1.615 0.063

Income ratio in nominal terms from Census data. Ideal deflator uses estimated COL4 index and fixed-bundle
deflator uses COL1 index as described in section 6.3. Revised CPI uses Boskin and CNV revisions described in the
text. Ideal correction takes difference.



Figure 1A: Personal Consumption Expenditures by Major Category, 1959-2014
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Figure 1B: Expenditure Share on Housing 1960-2015 Figure 1C: Housing Unaffordability and Homeownership 1970-2013
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Figure 2: Working Households Spending Over 50 Percent of Income on Housing, Percent: 2010
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5 Figure 3A: The Relative Price of Shelter 5
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Figure 4: Housing Consumption with Production Possibility Expansions
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Figure 5A: Non-Housing Price Index vs. Housing Price Index, Figure 5B: Predicted Wage/Skill Index vs. Housing Price Index,
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Figure 6A: Median Share of Income Spent on Rent
and the Relative Price of Housing, Renters Only 2000
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Figure 6B: Median Share of Income Spent on Housing
and the Relative Price of Housing, All Households 2000
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Fig. 7A : Moderate substitution; housing necessity 6 = 2/3, 8 = 1/8, &,,, = 2/3
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Fig. 7B: Low substitution; housing weak necessity ¢ = 1/2, § = 1/16, €, , = 5/6
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Appendix
A Separable Family of CES
A.1 Formulation and Parameters

We use the simple “separable family” of CES utility function from Sato (1977), and complement

it with the Barten (1964) model as well as add a quality of life parameter:

51(yn1_¢)p—|—91 %
62$p+82

U=q {
where §; = — (1/v — ;) p — ¢; is composed of more elementary parameters. These are the dis-
tribution parameter, 9 = ¢ and 0 = § — 1 < 0, the substitution parameter, c = 1/(1 — p), and
the non-homotheticity parameter, 7. Raising the arguments by 1/~ helps with the limiting case
as v — 0. The utility function is express in per—capita terms, so that co-habitating with others

consuming the same amount contributes 7! ~¢ times the amount from sharing.

A.2 Marginal rate of substitution

Taking the ratio of partial derivatives, the marginal rate of substitution between the housing and

non-housing goods is

5§ [z\"* S(ynt=2)P + 6, § ryne [[(u\" ] 7
M = (= p(1-9) _ I ° 1—¢
1Sy 1-¢6 <y) " (0—1)ar+60, 1-9 (a:) {( ) " ]

At the household’s optimal consumption bundle, ¢/p = M RS, ,,, implying:

(5 [



A.3 Expenditure Share on Housing

To solve for the expenditure share on housing, note that dIny/dInx = dy/dxz(z/y) = cx/py =

s/ sy. Then the ratio of the expenditure share spent on x to the share spent on y is:

Se dlny cx

_ _er _ (1= (N u N
s, dlnz py 0 D Q

With o < 1 and v > 0, the relative share of x to y increases with u/(@) as well as c. It increases

with n when ¢ < 1. Then to solve for the housing expenditure share s,, add one and invert:

ULl—U
i:g+1:>5y: 0 ()

S l—0 w y(1-0) "
Yy py 50 (711%) + (1 _ 5)0’6170' <§>

Taking logarithms, we obtain an only partly linear equation

1-0o 7(1-0)
Ins, =olnd+ (1 —o)n(p) — (1 - ¢)In(n)] — In [50 ( fgd)) + (1= 08)7ce (3) ]
-
To complete the log-linearization, we take the total derivative to get the approximation:
5= (1 =s)(1=0)[p—c=ra+1Q - (1-0)i]

Relating the above equation to the regression equation ((5b)) we can set gives Sy = olnd =
Ins,,p = (1 —35,)(1 —0), and v = —f3/ if the term in brackets is set to one for reference
prices p = ¢ = 1 and a reference household size normalized to 1 n = 1 (so that n is household size

relative to the mean). Then we need to set
1
u { 1—4° }vu—w
Q L(1-29)r

i



For instance, suppose ¢ = 1/4, and 3,a = 1/2, then ¢ = 2/3 and § = 1/8. Then we need

u/Q) = 0.64 3 = —y(1 — 5,)(1 — o). The parameters can thus be expressed recursively as

oc=1-p1/(1—e%) §=ebl

A.4 Hicksian Demand and Expenditure Functions

The Hicksian, or compensated, demands for the housing and non-housing goods associated with

this utility function can be derived as:

y= (52711_‘7’)0 [92 -0 (%)7(’] - (A.1)
1% /w79 u\" a1
oo () o2

where € is a standard CES price index adjusted with an increasing utility weight on c and a division

of p, so that

o v(1—0) ﬁ
=eltne(@)]- [ e ()] W

B Data

We define cities at the Metropolitan Statistical Area (MSA) level using the 1999 Office of Man-

agement and Budget definitions of primary MSAs (e.g., San Francisco is separate from Oakland

1l



and San Jose), of which there are 311. Data from the U.S. Census data from Integrated Public-Use

Microdata Series (IPUMS), from Ruggles et al. (2004), for several purposes.

B.1 Wage Differentials

The wage differentials are calculated for workers ages 25 to 55 who report working at least 30
hours a week, 26 weeks a year. The MSA assigned to a worker is determined by their place
of residence, rather than their place of work. The wage differential of an MSA is calculated by
regressing log hourly wages on a rich set of covariates and a set of indicators for which MSA a
worker lives in. The wage differentials are taken to be the coefficients on these MSA indicators,

renormalized to have a national average value of zero. The covariates consist of:
e 12 indicators of educational attainment;
e a quartic in potential experience, and potential experience interacted with years of education;
¢ 9 indicators of industry at the one-digit level (1950 classification);
e 9 indicators of employment at the one-digit level (1950 classification);
e 4 indicators of marital status (married, divorced, widowed, separated);
e an indicator for veteran status, and veteran status interacted with age;
e 5 indicators of minority status (Black, Hispanic, Asian, Native American, and other);

e an indicator of immigrant status, years since immigration, and immigrant status interacted

with black, Hispanic, Asian, and other;
e 2 indicators for English proficiency (none or poor).

All covariates are interacted with gender.

This regression is run using census-person weights.
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B.2 Housing Rent and Price Indices

The housing rent and price differentials are calculated using the logarithm of rents, whether they are
reported gross rents or imputed rents derived from housing values. The differential housing price
of an MSA is calculated in a manner similar to the wage differential, except using a regression of
the actual or imputed rent on a set of covariates at the unit level and a set of MSA indicators. The

covariates for the adjusted differentials are:

9 indicators of building size;

9 indicators for the number of rooms, 5 indicators for the number of bedrooms, number of

rooms interacted with number of bedrooms;

2 indicators for lot size;

7 indicators for when the building was built;

2 indicators for complete plumbing and kitchen facilities;

8 indicators for home heating fuel;

an indicator for commercial use;

an indicator for condominium status (owned units only).

We first run a regression of housing values on housing characteristics and MSA indicator variables
weighting by census-housing weights. The housing-price index are taken from the MSA indicator

variables in this regression, renormalized to have a national average of zero.

B.2.1 Alternative Census Housing Price Index

The Alternative Census Housing Price Index are estimated from the 2000 united States Census 5%

data from the Integrated Public-Use Microdata Series (IPUMS), following Malpezzi, Chun and



Green (1998). The housing price differentials are calculated using the logarithm of rents, whether
they are reported gross rents or imputed rents derived from housing values. We first fit separate
regressions for each MSA, regressing the log yearly rents on a set of MSA dummies and a number
of covariates at the unit level. We then use the predicted price from each regression in each location

to get the normalized price index. The covariates for the adjusted differential are:

9 indicators of building size;

9 indicators for the number of rooms, 5 indicators for the number of bedrooms, number of

rooms interacted with number of bedrooms;

2 indicators for lot size;

7 indicators for when the building was built;

2 indicators for complete plumbing and kitchen facilities;

8 indicators for home heating fuel;

an indicator for commercial use;

an indicator for condominium status (owned units only).

We first run a hedonic regression for each MSA, using housing characteristics alone. Second, we
calculate predicted housing prices in each MSA from each regression, and calculate the MSA-level
means. Third, we obtain the normalized housing price index for each MSA by using the predicted

values of housing minus the national average.

B.2.2 CEX Housing Price Index

The CEX Housing Price Index is computed from 1997-2003 pooled Consumer Expenditure Sur-

vey. The housing price differentials are calculated using the logarithm of rents, whether they are
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reported gross rents or imputed rents derived from housing values. We regress the log yearly rents
on a set of geographical area dummies and a number of covariates at the unit level. The geograph-
ical area is defined based on state, population size, and whether it is in a metro area. In order to
compare with the other price indices, we match CEX geographical units with Census PMSAs by
state, population, and metropolitan area status. The matching process is not perfect, since a state
may have two MSAs with indistinguishable populations, preventing us from differentiating them.

The covariates for the adjusted differentials are:

9 indicators of building size;

9 indicators of building structure;

9 indicators for the number of rooms, 5 indicators for the number of bedrooms, number of

rooms interacted with number of bedrooms;

5 indicators for the number of bathrooms;

7 indicators for when the building was built;

2 indicators for complete plumbing and kitchen facilities;

4 indicators for home heating fuel;

an indicator for commercial use;

an indicator for condominium status (owned units only).

We first run a regression of housing values on housing characteristics and geographical area in-
dicator variables weighting by CEX-housing weights. The housing-price index is taken from the
coefficients on the geographical area indicator variables in this regression, renormalized to have a

national average of zero.
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B.2.3 CEO Prices Panel Housing Price Index

We use the Carrillo, Early, Olsen (2013) Prices Index Panel for all areas in the United States in the
year 2000. CEQO'’s source of housing data is HUD’s 2000 Section 8 Customer Satisfaction Survey
(CSS). They produce a geographic housing price index for 2000 by estimating a hedonic regres-
sion. They regress the logarithm of gross rents on observed characteristics of the rental units and
their neighborhoods, other determinants that reflect unobserved characteristics that affect market
rents, and a set of geographic area dummies for metropolitan areas and the non-metropolitan areas

of each state.

B.3 Housing Expenditure Share
B.3.1 Census Housing Expenditure Share

The Census housing expenditure share is calculated from the 2000 United States 5% data from the
Integrated Public-Use Microdata Series (IPUMS). The housing expenditure share is calculated as
the ratio of housing expenditure to household income. For renters, we use gross rent as housing
expenditure, while for owners, we use imputed rents derived from housing values plus utility fees.
The cross-MSA mean of the MSA-level median rental share is .225 and the mean of the MSA-level

meadian housing share for both renters and owners is 0.196.

B.3.2 AHS Rental Share

The AHS rental share is computed from the 1974-2013 American Housing Survey microdata.
The AHS housing expenditure share is defined as the ratio of monthly housing cost to household

income.
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B.3.3 CEX Rental Share

The CEX rental share in appendix table 2 is derived from 1997-2003 Consumer Expenditure Sur-
vey microdata. The rental share in figure 1B is derived from 1974-2014 microdata. The CEX rental
share is computed as the ratio of expenditure on rents to total expenditure. We define geographies

in the CEX as discussed in section B.2.2.
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APPENDIX TABLE 1: COMPENSATED DEMAND FUNCTIONS - ADDITIONAL YEARS, DATASETS, AND PRICE INDICES -
RENTERS ONLY

Alt Housing ~ CEO Housing
Dataset/Price Index: Census 1980 Census 1990  ACS 2007-11 Price Index Price Index
€)) @) (©) “ &)
Dependent Variable: Log Median Rental Share
Panel A: Regression Results
Rental/Housing Price Index 0.219 0.246 0.283 0.203 0.118
(0.042) (0.028) (0.028) (0.027) (0.034)
Non Housing Price Index -0.219 -0.246 -0.283 -0.203 -0.118
(0.042) (0.028) (0.028) (0.027) (0.034)
Predicted Wage Index -0.407 -0.266 -0.483 -0.235 -0.163
(0.133) (0.141) (0.102) (0.115) (0.134)
Constant -1.538 -1.476 -1.275 -1.492 -1.492
(0.0006) (0.007) (0.005) (0.005) (0.005)
Sample Size (number of areas) 328 331 331 331 331
Adjusted R-squared 0.166 0.604 0.582 0.481 0.379
Homogeneity of Demand Restricted Yes Yes Yes Yes Yes
Unconstrained Sum of Housing and Non- -0.175 -0.355 0.149 0.058 0.146
Housing Price Index Coefficients (0.207) (0.173) (0.068) (0.073) (0.098)
P-value of Test of Homogeneity of Demand 0.398 0.041 0.030 0.429 0.137
Panel B: Implied Demand Parameters
Geometric Mean Expenditure Share 0215 0.229 0.279 0.225 0.225
(0.001) (0.002) (0.001) (0.001) (0.001)
Uncompensated Own Price Elasticity of -0.693 -0.694 -0.582 -0.744 -0.846
Housing Demand (0.053) (0.051) (0.047) (0.043) (0.057)
Income Elasticity of Housing Demand 0.593 0.734 0.517 0.765 0.837
(0.133) (0.141) (0.102) (0.115) (0.134)
Elasticity of Substitution Between Housing 0.720 0.682 0.607 0.738 0.848
and Consumption Goods o (0.054) (0.037) (0.039) (0.035) (0.044)
e 0.882 0.885 0.878 0.867 0.828
Distribution Parameter &
(0.018) (0.013) (0.016) (0.012) (0.015)
. 1.856 1.083 1.705 1.157 1.382
Non-homotheticity Parameter y
(0.682) (0.537) (0.333) (0.534) (0.980)

All specifications include renters only. Columns 1 through 3 use the 1980 Census, 1990 Census, and 2007-2011 American Community
Surveys to calculate house price indices and rental shares as in table 1. Column 4 calculates the house price index similarly to Malpezzi et
al. (1998) as described in appendix B.2.1. Column 5 constructs the house price index using the Price Indexes Panel provided by Carrillo,
Early, and Olsen (2013), described in appendix B.2.4. Columns 4 through 5 use the share of income devoted to housing from the 2000

Census as the rental share.



APPENDIX TABLE 2: METRO LEVEL REGRESSIONS - CONSUMER EXPENDITURE SURVEY

Renters and

Household Type Renters only Renters only

Renters and

Owners Owners
&) 2 ©)] “
Regression Type: Compensated Compensated Uncompensated ~ Uncompensated
Panel A: Regression Results
Housing Price Index 0.341 0.525 0.685 0.723
(0.056) (0.042) (0.075) (0.077)
Log Median Predicted Expenditure -0.086 0.001 -0.644 -0.549
(0.164) (0.129) (0.075) (0.081)
Constant -1.013 -1.174 -1.013 -1.174
(0.008) (0.007) (0.006) (0.006)
Sample Size (number of areas) 163 163 163 163
Adjusted R-squared 0.289 0.573 0.723 0.815
P-value of Test of Homogeneity of Demand 0.000 0.000 0.736 0.004
Panel B: Implied Demand Parameters

Geometric Mean Expenditure Share 0.363 0.309 0.363 0.309
(0.003) (0.002) (0.002) (0.002)

Uncompensated Own Price Elasticity of Housing Demand 0.628 0476 0315 0277
(0.104) (0.072) (0.075) (0.077)

Income Elasticity of Housing Demand 0914 1.001 0-336 0451
(0.164) (0.129) (0.075) (0.081)

Elasticity of Substitution Between Housing and Consumption 0.465 0.241 0.292 0.199
Goods o (0.089) (0.061) (0.083) (0.081)

The data are from Consumer Expenditure Survey 1997-2003.All regressions are constrained to exhibit homogeneity of demand.
Standard errors are clustered at the metro level. The predicted income measure in Panel A is the median predicted expenditures of

all adults in the household.



Figure A: Alternative vs. Census Housing Price Index Figure B: CEO vs. Census Housing Price Index
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Figure C: AHS vs. Census Housing Price Index Figure D: CEX vs. Census Housing Price Index
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Data Source: 2000 Census, 1997-2003 CEX, 1997-2003 AHS, renters only
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