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Abstract

We present a framework for studying the relation between the distribution of income
and the distribution of housing prices, based on an assignment model of households with
heterogeneous incomes and houses of heterogeneous quality. We show how the unobserved
distribution of quality can be inferred from the joint distribution of income and housing
prices, and used to generate counterfactual price distributions under counterfactual income
distributions. Using data from the Helsinki Metropolitan region, we find that the increase
in income inequality from 1998 to 2004 caused the average price to be 1.8 to 3.2% lower
than if income growth had been uniform across the population, while the impact on the top

decile of housing prices was an increase of 0-6%.
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1 Introduction

One question raised by the recent increases in income inequality is whether it has had an impact
on the distribution of housing prices. Could it be that ever higher top incomes just lead the rich
to bid the price of best locations ever higher? To what extent get higher top incomes capitalized
in house prices? It has been argued that the increase in consumption inequality has been less
than the increase in income inequality for essentially this reason (Moretti 2009). We present an
assignment model framework to study this question.

In our view, a central feature of the housing market is that housing is not a fungible com-
modity but comes embedded in indivisible and heterogeneous units, the supply of which is more
or less fixed in short and medium run. Another key feature is that housing is a normal good, and
takes up a large part of household expenditure. Our model can be summarized as an assignment
model with income effects. The market consists of a population of households who each own
one house and each wish to live in one house. Unlike in standard assignment models, we assume
concave utility that gives rise to income effects. Even though there are no complementarities
in the usual sense, this setup results in positive assortative matching: wealthier households end
up living in the higher-quality houses. We assume that households have the same preferences
but are heterogeneous by income, so here the only reason why the wealthy live in better houses
is that they can better afford them. The equilibrium distribution of house prices depends on
the shapes of both the distribution of house quality and the distribution of income in tractable
although nontrivial manner. With this model, we are equipped to study questions such as the
impact of changes in income distribution on the distribution of housing prices.

In the general version of our model, the joint distribution of houses and income (non-housing
wealth) is arbitrary, which results potentially in a lot of trading between households. Equilib-
rium prices depend on the joint distribution of endowments, not just on the (marginal) distribu-
tions of income and house quality. For our application, we interpret the observed house prices
as the equilibrium prices that would emerge after all trading opportunities have been exploited.
Under this assumption we ask what distribution of unobserved house quality, together with the
observed distribution of incomes, would give rise to the observed price distribution as the equi-

librium outcome of our model. We find that, under a suitably parametrized CES utility function,



this unobserved distribution is stable over time, which fits with our intuition that the quality dis-
tribution is fixed in the short run. We then use the inferred distribution of house qualities and the
preferred utility parametrization to generate counterfactuals to answer the motivating question
of the paper.

Our data is from the Helsinki metropolitan region in 1998 and 2004, where there was a
significant increase in income inequality. We consider a counterfactual income distribution for
2004 where all incomes grow uniformly since 1998 at the same rate as the actual mean income.
(I.e. the shape of the counterfactual distribution is the same as the actual shape in 1998). This
counterfactual generates house prices that are on average about 1.8% to 3.2% higher, implying
that the increase in inequality has resulted in lower house prices than uniform income growth.
Only at the top decile has increased income inequality resulted in higher prices.

The reason why uniform income growth would have lead to higher prices at the bottom of
the quality distribution is intuitive: as low-income households would have more income they
would use some of it to bid for low-quality housing. However, in a matching market with
positive sorting, any changes in prices spill upwards in the quality distribution. This is because
the binding outside opportunity of any (inframarginal) household is that they must want to buy
their equilibrium match rather than the next best house. The price difference between two
"neighboring" houses in the quality distribution depends on how much the households at the
respective part of the income distribution are willing to pay for the quality difference. Price
decreases at the bottom of the distribution spill upwards in the distribution, partly undoing the
local increase in willingness-to-pay among households whose incomes are now higher than
under uniform growth. For this reason, while incomes have grown more than average in about
half of the distribution, the net impact of uneven income growth on house prices has been
positive only at the top 5-10% of the distribution.

In our setup, households own the houses to begin with, so they are also the beneficiaries and
losers of any changes in house prices. For the empirical application we assume that only the
shape of the distribution has changed over time, but the ranking of households by income has
stayed the same. In this case changes in housing wealth really aren’t changes in wealth from

anyone’s point of view. More generally, if households’ positions in the income distribution

1See also "Housing Wealth Isn’'t Wealth" by Buiter 2008. In our setup, only increases in house quality could
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change then they would want to change houses, and would on net benefit or lose based on how
others’ incomes have changed. For example, a household whose income and rank in income
distribution both increase will lose some of the benefit if others’ incomes have risen too. It will
have to give up some of the increase in income in order to move up in the ranking of house
guality. Trading will then involve a net transfer of non-housing wealth to someone who is now
lower in the income distribution. The distributional effect of the housing prices is that the newly
rich lose out and the no-longer quite so rich gain relative to a "naive" measure where income
were equated with consumption.

In the next section we discuss related literature. In Section 3 we present the general version
of the model. In Section 4 we show how the model can be used for inference under the assump-
tion that observed prices reflect the post-trade or "steady state" allocation of our model. Section

5 presents the empirical application, and Section 6 concludes.

2 Literature

Our model is an assignment model with concave utility; for a review of assignment models
see Sattinger (1993). These are models of matching markets with symmetric information and
no frictions. Perfect competition is achieved by assuming a continuum of types on both sides
of the market. There is no room for "bargaining" as all agents have a continuum of arbitrar-
ily close competitors. When combined with assortative matching, assignment models yield
unique equilibrium prices that depend on the shapes of the type distributions on both sides of
the market but in a reasonably tractable way. Assignment models have usually been applied to
labor markets, where positive assortative matching arises from a productive complementarity
between job types and worker types, Sattinger (1979) and Teulings (1995), or between workers
themselves in a team production setting, as in Kremer (1993). Our nonparamteric method for
inferring the unobserved type distribution from observed price distributions was introduced in
Tervio (2008). In our current paper there is no complementarity, but equilibrium nevertheless
involves assortative matching by income and house quality due to housing being a normal good.

Matching models have long been applied to the housing market from a more theoretical

result in aggregate increases in (reasonably defined) housing wealth.
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perspective, although it is perhaps more accurate to say that housing has often been used in
theoretical matching literature as the motivating example of an indivisible good that needs to
be "matched" one-to-one with the buyers. The classic reference is Shapley and Scarf (1974),
who present a model where houses are bartered by households who are each endowed with
and each wish to consume exactly one house. They show that, regardless of the preference
orderings by the households, there always exists at least one equilibrium allocation. Miyagawa
(2001) extends the model by adding a second, continuous good, i.e., "money." He shows that
the core assignment of houses can be implemented with a set of fixed prices for the houses.
In Miyagawa’s model utility is quasilinear, so there is no potential for income effects. In our
knowledge there are no papers on matching markets where i) there are both indivisible and
continuous goods and ii) utility is concave in the continuous good.

There is a long tradition in explaining heterogeneous land prices in urban economics, going
back to Von Thiinen (1826) and Alonso (1964). In urban models the exogenous heterogeneity
of land is due to distance from the center. The focus in urban economics is on explaining how
land use is determined in equilibrium, including phenomena such as parcel size and popula-
tion density. In modern urban economics, see Fuijita (1989), there are also some models with
income effects. Heterogeneity of land is modeled as a transport cost, which is a function of
distance from center, and price differences between locations are practically pinned down by
the transport cost function.

Much attention has also been devoted to the question of endogenous public good provision,
in the tradition of Tiebout (1956). Epple and Sieg (1999) estimate preference parameters in
a structural model that results in what looks like assortative matching by income and public
good quality, although the latter is a choice variable at the level of the community. Glazer,
Kanniainen, and Poutvaara (2008) analyze the effects of income redistribution in a setup where
heterogeneous land is owned by absentee landlords. They show that land heterogeneity miti-
gates the impact of tax competition between jurisdictions because taxation that "drives" some
of the rich to emigrate also leads them to vacate better land, allowing the poor to consume better
land than before.

Most of the dynamic macroeconomic models with housing assume that housing is a ho-

mogenous malleable good. In any given period, there is then just one unit price for housing.
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An exception is the property ladder structure that is used in Ortalo-Magne and Rady (2006) and
Sanchez-Marcos and Rios-Rull (2008), where there are two types of houses: relatively small
“flats” and bigger “houses”. For our purposes, such a distribution would be far too coarse.

Van Nieuwerburgh and Weill (2006) build a dynamic model with housing to explain the
increase in housing price dispersion across US cities. In their model, there is matching between
individual ability and regional productivity.

One step in our empirical application is that we estimate the elasticity parameter of a con-
stant elasticity of substitution utility function for housing and other consumption. Therefore, our
paper is also related to studies that estimate the intratemporal elasticity of substitution between
housing and other consumption. A recent example of a paper that uses a structural approach
for that is Li, Liu and Yau (2009). They estimate the preference parameters by fitting a life
cycle model with housing to both aggregate time series and cross-section US data. However, as
far as we know, we are the first to exploit changes in the distribution of housing prices to esti-
mate household preference parameters. This is possible precisely because in our model housing

prices are a non-linear function of housing quality.

3 Model

We consider a one-period economy where a unit mass of households consume two goods, hous-
ing and a composite good. Preferences are described by a standard concave utility function
where both goods are normal. Houses come in indivisible units of exogenous quality, and util-
ity depends on the quality of the house, denoted byHouseholds have the same preferences
but different endowments. Every household is endowed with and consumes exactly one house.
Household income is interpreted as the endowment of the composite good.

There are no informational imperfections in the model, or other frictions besides the indivis-
ibility of houses. There is also no market power, as every house has "infinitely many" arbitrarily
close substitutes, each with a different owner.

Figure 1 depicts this economy. A household endowment is described by a pfintirx
R, where the horizontal dimension represents the quantile in the distribution of house qual-

ity, and the vertical dimension represents the amount of composite good. As preferences are
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homogeneous, the same indifference map applies to all households.

The composite good is used as the numeraire, whids the equilibrium price function
for house quality. Budget constraints are downward sloping curves, as house prices must be
increasing in quality. Figure 1 depicts the budget curve of a household endowed with ilcome
and a house of quality, it is defined byd + p () = y + p (x), wherey andzx are the consumed
values. Note that household wealth—the left side of the budget constraint—is endogenous,
because the value of the endowment depends on

We assume that the worst occupied unit of housing, of quality- 0, is also available as
an outside option at an exogenous prige> 0. The joint distribution of endowments: (#)
is continuous and without gaps jmg, z1] x R, which implies that the quantile functions of
6 and x are continuous and strictly increasing. (The quantile function(8tis = such that
i = F, (x)). All households with an endowment on the same budget curve trade to the point
where the budget curve is tangent to an indifference curve.

Among all households endowed with a house of quality) there exists a unique income
level 6* (i) at which the household does not trade. These no-trade endowments have a particu-
larly helpful role in the model. The increasing curve in Figure 2 depicts the no-trade endow-
ments under equilibrium prices. The starting point of the no-trade curve is necegsarily,
the endowment of the unambiguously poorest households in this economy, who have nothing
to offer in exchange. Households below the no-trade curve are endowed with a relatively high
quality house and trade down in order to increase their consumption of the composite good,
vice versa for households above the curve.

The no-trade curve is continuous, but not necessarily monotonic. To see this, consider
a household with an arbitrary endowment, 6}. If there existed only one other household,
what should its endowment be for these two households to engage in trade? If both goods were
continuously divisible then the answer would be that whenever the marginal rates of substitution
differ between the two households—which, generically speaking, would always be the case.
However, when one of the goods is indivisible this is not enough. Even if the household that
is endowed with the lower quality house is endowed with more money, it may not be possible
to trade. Intuitively, since the households must swap their houses pairwise, the owner of the

lower quality house must make a net payment in composite good (money). But if she already
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has lower utility than the owner of the high quality house, she may not have enough money
so that both households could be better off than after swapping houses; see Figure 2b for the
illustration. For CES utility, trade is possible if and only if the household with the better house
has lower autarky utility. [Appendix proof: to do] The point is that each endowment comes with

a trading set, which includes all those other endowments with which mutually profitable trade is
possible. In equilibrium, it must be the case that no point on the no-trade curve can be included
in the trading set of another point on the curve. Together with the full support assumption this
implies that the no-trade curve is continuous, and that utility is increasing along it, although
consumptiorny may not be.

Equilibrium consists of a price functiop for houses and a matching of households to
houses. The assumption that housing is a nhormal good results in assortative matching: of two
households, the wealthier buys the better and more expensive house. The twist here is that
wealth is endogenous, because the value of the endowment depend$loerefore the equi-
librium matching is not obvious (unlegsis known) as it depends both on the preferences and
on the joint distribution of , #}. The resource constraints require that, for evetiie mass of
households with an endowment below the budget curvé:ifti), 6% (i)} is equal tai, i.e., to the
mass of houses of quality(i) or less? In general, this leads to a complicated partial differential
equation. However, by discretizing the house types, the equilibrium can be solved numerically

using standard recursive methods.

Absentee landlord model

Now consider an otherwise similar economy, but where all houses are owned by competitive
outside sellerd.Denote the distribution of household wealthBy (w), and its inverse by (7).

(The reason for treating wealth as different from income will become clear in the next section.)
Consider the household at quantilef the wealth distribution. From the fact that equilibrium

must involve positive assortative matching by wealth and house quality we know thast

2Note that, since the quality of houses is fixed, the distribution @ the same for endowments and con-
sumption. By contrast, for consumption of the composite ggoanly its mean value must match that of the

endowment§.
3This is the standard assumption in urban economics, see e.g. Fujita (1989).



result in every household buying a house of the same quality rank as is their rank in the wealth

distribution, so that

i = arg max u (z (j), w (i) — p(j)) 1)
]E[O,l]
must hold for alli € [0,1]. The associated first-order conditian,z’ — u,p’ = 0, defines an
ordinary differential equation for the equilibrium price:
g (2 (i) ,w (i) —p (i) ,
. . ' (). 2)
w @@, w®—p@)" "

This is the key equation of the model. Combined with the exogenous boundary condition

P (i) =

p(0) = po it can be solved for the equilibrium price functipn The boundary condition can

be interpreted as the sellers’ opportunity cost for the lowest-quality house, or as the reservation
price for the poorest household stemming from some exogenous outside opportunity (such as
moving to another housing market).

The intuition behind (2) is that the price difference between any neighboring houses in the
quality order depends on how much the relevant households—i.e., those located at the respec-
tive part of the income order—are willing to pay for the quality difference. This depends on
their marginal rate of substitution between house quality and other goods, which in general de-
pends on their level of wealth. Note that the equilibrium price at any quardidgends on the
distribution of housing quality and income at all quantiles belowence changes at any part
of the distributions spill upwards in the price distribution, but not vice versa.

Itis worth noting that, in the light of our model, the claim that an increase in income inequal-
ity should lead to an increase in the prices of best houses (land rents of most desirable locations)
is incorrect. To see this, suppose some wealth is redistributed from poor to rich, holding average
wealth fixed. Itis true that this will increase the local "price gradient” (2) at the top quantiles, as
the willingess-to-pay for extra quality goes up for the rich. But, for the same reason, the local
price gradient at bottom quantiles will then go down. Due to the upwards spillover in prices, it

is in fact possible for all house prices to go down in response to an increase in inequality.

Post-trade model

Suppose the economy started at some arbitrary continuously distributed endowment, and then

traded to equilibrium. As we saw above, the new allocations should be located on a no-trade
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curve, where there is perfect rank correlation between house quality and total wealth. Now
(before consumption takes place) the prevailing equilibrium prices can be interpreted as the no-
trade prices that enforce the equilibrium allocation. Mathematically this means that matching
becomes simple—it is positively assortative by observed we#élth+ y and house quality.

This interpretation will be useful when we observe the distributionsasfdy and wish to infer

the unobserved. In the empirical application we assume that the observed prices correspond
to the equilibrium prices that emerge after all trading-opportunities have been exhausted. We
think this is a reasonable interpretation of data because only a small fraction of households trade
houses in a given period. In terms of the model, this amounts to d&ihg p(i) to replacew(i)

in (1). In other words, the no-trade prices are equivalent to the equilibrium prices that would
result if houses were sold by absentee landlords and the wealth of each houseloaild

happen to bev(i) = 0(i) + p(4).

Steady state interpretation

Suppose the population consists of household dynasties where each generation lives for one
period, bequests its housing for the next generation, and has constant irlcoRh@Jses are
durable and must be owned by the occupant. A generation only cares about its own utility, but
the generations are linked by the houses, which are left for the next generation of the dynasty,
and the income level, which is a fixed characteristic of the dynasty. As we will show later

[to do !1], this model has a unique steady state and it involves positive assortative matching by
income and house quality. In steady state the role of house prices is then merely to enforce the

no-trade equilibrium, so that, again(:) = 6(i) + p(i) in (1) and (2).

3.1 The case with CES

For the empirical application we assume CES utility,
u(z,y) = (az’ + (1 — «) y”)% , Wherep < 1anda € (0,1). (3)

The equilibrium price condition (2) is now

y 0 = (M) ), @
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With the post-trade interpretatiom, (i) — p (i) = 6(i), this can be solved as

p(@) =po+ —2 /;(9(3))”9:’(8)%- (5)

l—a z (s)

Example: Pareto distributions and Cobb-Douglas utility Under some specific assump-
tions, the model equilibrium prices have a closed-form solution. Our empirical applications do
not require such solution, but they would be desirable in theoretical extensions. Here we present
an example of a closed-form solution.

Assume that both wealth and house quality follow Pareto distributions, se tRatretdw, n)
and xz~Paretdxg,v), wherep, € (0,wy) andn,v > 2. Then the quantile functions are

w (i) = wo(1— i)_% andz (i) = zo (1 —1) T utility takes the Cobb-Douglas form, so

thatp — 0in (3), then (4) has a closed form solution:

) = wo (1— )77 — (wy — _ s L= a)wo — i) — (1= i)
p (i) = wo (1 =) 7 = (wo = po) (1 = 1) 7= (@i -a -

an+ (1 —a)
(6)
The expenditure share of housiag:) = p (i) /w (i) has the limit
(0%
a(l) = 7 (7)

an+(1—a)y
The expenditure shareis everywhere increasing (decreasing) ifl) > (<) po/wo. If housing
at the extensive margin can be created at constant marginal cost then the poorest household faces
in effect linear prices and it is reasonable to assumedtli@t = «. In this case the expenditure
share is strictly increasing if and onlysjf> ~, i.e., when the variance of wealth is lower than
the variance of house quality.

This example illustrates how one cannot expect the expenditure shares to be constant across
income levels, even if utility function takes the Cobb-Douglas form. The standard CES result
that expenditure shares are independent of income is based on all goods being fungible, so that
there is essentially just one type of housing, and households consume different amounts of it.
This would mean that, at the margin, a household could always sell or buy any fraction of their

house at the same unit price.
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3.2 Discussion

Suppose all households have the same wealth 0 and preferences are Cobb-Douglas. Then

(4) simplifies to

pi) =00 -m) ()" ®
Here prices must make every household indifferent between every housing unit. It is easy to see
why the expenditure share of housing cannot be constant for the population even if income and

preferences are the same for all — some households must end up with the lower quality houses
and for this they must be compensated with higher consumption on other goods.

More generally, the expenditure share of housing depends on the shapes of the income and
house quality distributions. Even under Cobb-Douglas utility, the expenditure share of housing
is not directly given byy because the prices faced by the consumers are nonlinear. For the same
reason, the level of consumption of the composite good need not be monotonic in wealth. This
is easy to understand when there is a steep increase in the quality of housing at some point of the

distribution — clearly the price of housing must jump at that point, even if income is smoothly

distributed. This in turn implies a negative relation between wealth and consumgption

4 |Inference

Assuming a utility function, the model can be used to infer the unobserved distributidnooh
the observed relation between household income and house prices. Gjvéh, andw (i),
we can infer the distribution of up to a constant. This is done by treatings the unknown in
the differential equation (2), while normalizing the constaftt) = x,, e.g.zo = 1. Later we
make sure to only use the inferred distributionzaio answer questions where the constant
washes out from the answers. A number of interesting counterfactuals can be generated with
this inferred distribution.

The continuous model has the desirable feature that equilibrium prices are unique. However,
it is useful to also understand the equilibrium in a discrete model. The continuous model can

also be obtained as the limiting case of the discrete model with a large number of households
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and houses. In the discrete model the equilibrium conditions for prices are
u (xp, w,, — pr) > u(xp,wy, —p) forall b, b (9)

Thanks to assortative matching, only the constraints of the fdrea » — 1 are binding. If
u has a closed-form inverse with respect to its second argumenpthean be expressed as a
function ofwy,, pp_1, xp, x,,_1. Denoting this inverse &g, whereY (u (z,y) ,z) = y, the price
formula is

pr=wp =Y (u (T, Wy — pu), n) . (10)
Discreteness results in match-specific rents, so here, for simplicity, we have assumed that sellers
get all of them. (In our data, this makes no practical difference to the results compared to
assuming that buyers get all match-specific rents.)

With CES utility the discrete price formula becomes

=

Pn = wWp — ((wh - ph—l)p 1 fa ($Z - $Z1)) . (11)

Denotingz = x* the price formula can be inverted and solved for

h
B =+ 3 [ = )’ — (w0~ pa)’] (12)

n=1

which includes an undefined constant of integratign Note that when we infer: then the
value ofa € (0,1) is without consequence for all monetary variables. This is because, in the
utility function, changingy is equivalent to changing the units.of But sincer is not observed
but only inferred within the model, this merely changes the estimated units lmfit has no

impact on the monetary counterfactuals that we are interested in.

4.1 Constructing counterfactuals

Suppose we have inferred the distributionzobased on the actual data érandp. Using

a counterfactual income distributidhwe can then generate the counterfactual distribution of
house prices, by combinirjandz in the equilibrium price relation (5). Note however, that as

po IS exogenous to the model, our model only explains the differences in prices relative to the
marginal unit of housing — py. In the counterfactuals that follow the lowest price is always

taken to be the actual value.
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We can study the impact of hypothetical demand shocks, supply shocks, and double-sided

shocks...

5 Empirical application

We now illustrate how the model can be used to infer household preference parameters based
on changes in the distributions of income and housing prices. We use income and housing price
data from the Metropolitan area of Helsinki. The inference is helped by the fact that Finnish
income distribution has recently changed substantially. Indeed, according to OECD (2008,
figure 1.2), Finland had the largest increase in income inequality from mid-1990s to mid-2000s

of all OECD countries.

5.1 Data and smoothing

Our data is the 1998 and 2004 Wealth Surveys from the Statistics Finland. These are the two
most recent Wealth Surveys [but 2008 should be available soon]. The Survey has detailed port-
folio information from about 2500 households. We focus on homeowners in the Metropolitan
area of Helsinkf. That leaves us 402 households in the 1998 survey and 481 households in the
2004 survey.

We use just two variables. The first is household’s total monetary income during the last
year. This measure includes transfers and taxes. We take the total monetary income as our
proxy for permanent income. As above, we denote ibyThe second variable we need is
the current market value of the houge In the survey, respondents were asked to estimate the
current market value of their house.

For both 1998 and 2004, we observe the joint distributiohafdp. Since we use the "post-

4Almost 40% of the households in the survey are renters. In principle, there is no problem in including rental
housing into the model, at least if we think of the landlords as being absent from the model. However, most of the
rental dwellings are part of social housing and the tenants are selected on the basis of social and financial needs.
The rents of these houses are regulated and do not reflect well the market value. To our understanding, there has
not been major changes in the supply of social housing or in the means testing criteria to social housing from 1998

to 2004.
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trade" version of our model in this empirical application, we need to estimate a relationship that
reduced) andp to a common increasing order. Of course, in the data the two variables are not
perfectly rank correlated.

One way to smooth the data is to non-parametrically estimatg as E{p|Fy (6) = i].
Alternatively, we can estimaté(i) as E[f|F, (p) = i]. We prefer the latter option because
the observed incomeis likely to be a noisy proxy for permanent income, while the reported
house value is presumably a relatively accurate measure of the true market value. Therefore,
we take the latter option as our benchmark case but we also experiment with the first option.
In both cases, we get income and price distributions for 1998 and 2004 that are perfectly rank
correlated. We denote these smoothed distribution®/By p®} and {6, p**}.

Figure 3 displays the joint distributions together with the kernel regressed relationships
E[0|F, (p) = i]. Clearly, there is a strong positive relationship between the rank of the house
value and household’s income. Figure 4 in turn displays the kernel regressed relationships
Elp|Fy (0) = 1].

Figure 5 displays the distributions of log income relative to mean log income in 1998 and
2004. Clearly, there is a substantial increase in income inequality from 1998 to 2004. It is
this change in the income distribution, that allows us to infer preferences. Figure 6 displays
the distribution of log housing prices relative to mean log housing prices in 1998 and 2004. In

relative terms, expensive houses have become more expensive and cheap houses cheaper.

5.2 Inferring preferences

We consider the CES-utility function specified in (3) and try to infer the elasticity parameter
Givenp and{6%, p°}, we first infer the quality distribution in 1998, denote it b¥?, using the
inference formula in (12). In doing so, we seti) in the formula atw?®(i) = 6°°(i) + rp®(4).
Notice that the the fact tha®® andp® are perfectly rank correlated means thdt and p*®

are perfectly rank correlated as well. The interest rageneeded to make the annual monetary
income comparable to the house value. Alternatively and equivalently, we coulds{te =

0% (i) /r + p°®(i). We fix the interest rate at = 0.05. Changingr over a reasonable range

(3 — 7%) does not substantially change our inferred elasticity paramederthe results from
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the counterfactual experiments that we present below.

We then use the pricing formula (11) to predict the 2004 housing price distribution given
w® andz?. In other words, assuming that the quality distributias fixed, we ask what would
be the predicted price distribution in 2004 given the 2004 income distribution. Here it should
be noted that we set the price of the lowest quality hop&®, equal top®(0). As explained
above, the model does not explain the level of housing prices but the difference to the price of
the lowest quality house.

We compare the model’s predicted housing price distribution to the empirical 2004 distribu-
tion. We repeat this exercise of inferring the quality distribution from 1998 data and comparing
predicted and empirical housing price distributions for different values. oOur preferred
elasticity parameter is the one where the mismatch between the empirical and predicted 2004
housing price distribution is the smallest.

Figure 7 displays the empirical 2004 price distribution and the predicted price distributions
for different values op. Visual inspection suggests that: 0.3 provides the best fit.

We also inferreg estimatingp (i) as E[p|Fy () = i]. Figure 8 displays the empirical and
predicted price distributions for different valuesofThe best fit is again provided hyaround
0.3. In other words, in terms of inferring preferences, it does not seem to make a big difference
whether we smooth the data by estimating income as a function of house value quantile or vice

versa.

5.3 Counterfactuals

The key question we set out to ask was how changes in income distribution influence housing
prices. We now apply our methodology to answer this question for our specific data set. First
we compute the effect that the increased income inequality from 1998 to 2004 has had on
housing prices in Helsinki metropolitan area. Specifically, given 0.3 and given the inferred

quality distribution,z?, we compute the equilibrium housing price distribution that would be

St also seems that the inferred elasticity parameter does not change much even if we assume that the interest
rate is different in 1998 and in 2004. Essentially, this is because we try to match the entire distribution of housing
prices, not just the average level. By contrast, measuring the proper interest rate is crucial in empirical work that

tries to estimate housing demand elasticities by using time variation in some aggregate house price index.
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associated with an income distribution that is obtained by changing the 1998 income distribution
proportionally to match the mean of 2004 incomes. We then compare this counterfactual price
distribution with the price distribution that is obtained by plugging in the empirical distribution,
0%,

Figure 9 displays the relative difference in housing prices. Except for the very highest
quality houses, the increased income inequality has lowered housing prices. The mean effect is
—3.20%. That is, housing prices would 3e2% higher in Helsinki, had the income inequality
not increased as it did from 1998 to 2004. For houses in the bottom of the distribution, the
relative effect is almost0%. In absolute terms, the mean effect is abedR00 euros.

Similarly, we consider the effect of the overall income inequality by computing the equilib-
rium housing prices (again, given the same estimated quality distributfdmssuming that all
households have the same income which equals the me#h dfigure 11 displays the result.

The impact of income inequality on the mean housing price23.2%.

Figures 10 and 12 relate to the same experiments but with data smoothed by estinigting
asE|p|Fy () = i]. The effects are quite similar to those shown in figures 9 and 11. However,
the impacts on mean housing price are somewhat smaller now: The impact of the increased
income inequality is now.75% and the impact of the overall income inequalitylB7% on

the mean housing price.

6 Conclusion

We have presented a new framework for studying the relationship between income distribution
and housing price distribution. A key element of the model is that houses are heterogenous and
indivisible. Importantly, the house quality distribution can take any form. That allows us to use
the model to estimate the actual quality distribution in a fully non-parametric way.

Once we have the quality distribution, the model can be used to generate interesting coun-
terfactuals. For instance, we can consider how housing price distribution would differ from the
actual price distribution if the income distribution was different. As a first empirical application,
we considered the impact of the recent increase in income inequality in Finland for the housing

prices in the metropolitan area of Helsinki.
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In terms of previous literature, our paper is placed between two quite separate strands. One,
more empirically minded, in macroeconomics, uses dynamic equilibrium models and treats
housing as a homogeneous asset, and another, mostly theoretical, in microeconomics that stud-
ies markets where at least one good or factor of production comes in heterogeneous indivisible
units.

This research is obviously work in progress. One topic that we plan to study with our
framework is supply shocks. For instance, because of a move of a container harbour away
from its current location close to Helsinki city center, a large area of land in a very attractive
location has just recently become available for residential construction. This will be a major
housing supply shock in Helsinki. If the quality of new housing can be placed in the current
quality distribution, then our model can be used to predict the effect of this supply shock on
the housing price distribution. We believe that our model would also be an interesting set-up to
consider the distributional impacts of various tax-and-transfer schemes, particularly those that

are directly related to housing.
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