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Abstract

We develop a new approach to measuring changes in consumer welfare due to changes in the
owner-occupied housing. In our approach, an agent’s welfare adjustment is defined as the transfer
to keep expected discounted utility constant given a change in current house prices. We demonstrat
to a first-order approximation, there is no aggregate change in welfare due to price increases in the
housing stock. This follows from a simple market clearing condition where capital gains experien
sellers are exactly offset by welfare losses to buyers. We show that this result holds (approximate
in a model that accounts for changes in consumption and investment plans prompted by current ho
changes. There can, however, be changes in welfare due to additions to the stock of housing, or to
in the price of renovating and upgrading the existing stock of housing. For the United States, we e
the welfare cost of house price appreciation to be an average of $127 per household per year
1984–1998 period.
 2005 Elsevier Inc. All rights reserved.
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1. Introduction

There has been tremendous house price appreciation in the United States during the la
of the 1990s. At the national level, house prices have risen at an average annual rate of 7
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Table 1
Annualized house price changes for selected metropolitan areas

1980–1990 (%) 1990–2000 (%) 1995–2000 (

Chicago 6 4 5
Los Angeles 8 1 5
New York 11 3 7
Phoenix 2 5 6
San Francisco Bay area 9 5 12

Source: Office of Federal Housing Enterprise Oversight.

since 1995. Some regions, particularly those with a heavy concentration of high-tech firm
double digit increases in house prices during the peak of the most recent economic exp
(see Table 1). This price appreciation significantly strengthened the balance sheets of
homeowners. A recent study by Canner et al. [1] estimated that households extracted a
mately $130 billion in equity in 2001 and the first half of 2002. On the negative side, howeve
7 percent annual house price appreciation in the late 1990’s significantly outpaced the gr
per capita income of 2 percent for the nation as a whole. Local governments in metropolita
with the sharpest price appreciation, such as Austin, Boston, and San Francisco, routin
housing affordability as their principle constraint on future economic growth. More gene
households in the lower tail of the income distribution are now less able to afford housin
they were a decade ago. This lack of affordability is troubling to policy makers, as homeo
ship is often associated with a variety of positive social outcomes (see Green and White [1
DiPasquale and Glaeser [5]).

This paper is about the welfare effects of changes in the price of housing. The sheer
housing in the average household’s consumption bundle makes it imperative to underst
effects of changing prices on consumer welfare. Shelter comprises 32 percent of the tot
sumer price index (CPI). Owner-occupied housing is also an asset which occupies a large
of the typical household’s portfolio. According to the 1998 Survey of Consumer Finance
value of stocks owned by households was $7.8 trillion, while the value of primary residenc
$9.4 trillion.

While there has been a large amount of research interest on how to construct accurat
price indices, there has been relatively little work on measuring the welfare effects of
price changes. Most measures of housing affordability are calculated as percentages of
population with sufficient income to afford the median-priced house at the current interes
These measures, however, are difficult to interpret because they abstract away from, amo
things, household preferences and household wealth. In addition, affordability indexes d
volatility that is inherited from the variables used in their construction, such as interest rat
prices. By contrast, homeownership rates, the variables that affordability indexes are supp
predict, are among the least volatile of the urban economic series (see Glaeser and Shap

The body of work most closely related to ours is devoted to developing better measu
the cost of housing and house price inflation. Current practices at the Bureau of Labo
tistics (BLS) reflect the important research of Kearl [13], Dougherty and Van Order [7]
Poterba [14]. In constructing its owner-occupied shelter index, the BLS aims to measure c
in the user cost, or the fair rental value of owner-occupied housing. The user cost can b
preted as the amount needed to compensate a household for a unit decrease in housing
in a given time period, holding asset ownership fixed. While the user cost is a good m
of the cost of housing services (which is the objective of the BLS), there are two reason
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make it unsatisfactory as a measure of the welfare effects of house price changes. F
user cost calculation assumes that households can adjust their consumption of housing
costlessly, and therefore does not account for behavior changes in periods following cha
prices. If there were no cost to adjusting consumption of housing services, then all consu
adjustments would occur immediately. With transaction costs, however, one potential effec
increase in current housing prices might be to lead a household to plan to sell its house nin
into the future instead of ten. In our opinion, such behavior is an important feature of hou
tenure choice, and should be included in the welfare measure.

A second problem with using the user cost as a welfare measure is that it does not
the effect of house price changes on household assets. Due to moral hazard problems wi
housing, as well as tax incentives, households that wish to consume high levels of hous
vices have strong incentives to do so as owner occupiers. Indeed, home ownership rate
United States are persistently above 65 percent. In that case, changes in the relative
housing impact both sides of the household’s budget constraint. As a result, househol
high levels of housing consumption may be made better off by realized increases in prices
larly, households that intend to increase their consumption of housing in the future may be
worse off by increases in current house prices.

To be clear, we are not proposing that the BLS replace the user cost with some othe
sure of the cost of living. Instead, the goal of the paper is to contrast the user cost with
we consider to be fairly pure measure of a housing welfare index. Both the user cost a
welfare measure are derived from the same basic behavioral model. Unlike the user cos
ever, our welfare measure is derived by computing the amount of compensation requ
induce the household to reduce housing consumption by one unit, while holding lifetim
pected utility—not homeownership—fixed. We show that this distinction can lead to mea
that can be expected to behave quite differently over time. Importantly, contrary to curren
increases in the user cost need not translate into decreases in welfare at all. On the oth
new construction expenditures are always identified as welfare costs in our framework.
the point is not so much to attack the user cost as a measure of cost of living as it is to hi
how simple extensions to a model of housing demand yield very different welfare implica
for the impact of price changes on society.

The key to our approach is that we compute the overall welfare effect of recent hous
changes that comes from both the cost and the income sides of a households’ budget con
We develop a simple model where consumers maximize expected discounted utility by ch
investments in housing, consumption of a composite commodity, and real savings. The
hold’s current stock of housing and the current price of housing enter into the decision pr
as state variables. We measure the change in consumer welfare due to changes in hou
as the transfer required to keep lifetime expected utility constant under the new prices. Th
extend the notion of a cost of living adjustment to a dynamic setting with durable good
also include in the welfare calculations the effects of changes in housing wealth that acco
changes in house prices.

Using this dynamic framework, we derive the main contribution of the paper. In our m
to a first-order approximation, there are no aggregate welfare effects due to price change
current stock of owner-occupied housing. The intuition behind this result depends on a
market clearing condition. If the price of housing goes up, consumers who are selling their
are made better off while consumers who are buying those houses are made worse off. S
number of buyers of existing houses must equal the number of sellers, the welfare bene
losses to each group offset. This result will hold regardless of the source of the price chan
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There can, however, be changes in welfare due to additions to the stock of housing
changes in the price of renovating and upgrading the current stock of housing. These “new
need to be produced and purchased, and necessarily result in a reduction in the consum
other goods. Thus, increases in the value of new construction put in place, for example,
register and welfare costs in our framework. These results all imply that changes in land
cannot generate welfare effects because land, by definition, is not reproducible. Using our
we construct a measure of aggregate welfare changes from house price appreciation. O
period 1984–1998, we find that US households were made worse off by an average of $
year.

The outline of the paper is as follows. First, we develop the basic model of housing
sumption and investment and derive an expression for the fair rental price of housing—
user cost. Second, we derive a welfare adjustment that fully takes into account the dyna
housing choice. Third, we construct an aggregate welfare index for housing and illustrate
of its important characteristics. Fourth, we list some caveats and discuss the limitations
approach. The fifth section concludes the paper.

2. The user cost of capital

Theuser cost of capital was first developed by Hall and Jorgenson [11]. Their original pa
showed how capital investment depended on tax policy through a marginal condition. Th
cost, as they defined it, was the opportunity cost of investing in capital goods. Housing
durable good, fits nicely into the framework outlined by Hall and Jorgenson [11], and
authors have exploited the user cost formula to study housing demand and price dyn1

Dougherty and Van Order [7] (hereafter DV) were among the first to recognize that the us
could be a good measure of inflation in the cost of housing services. They note that th
cost is a marginal rate of substitution of housing consumption for other consumption. F
in a competitive economy, the user cost should be equal to the rental price of a single
housing services charged by a profit-maximizing landlord. Thus, the inherently difficult ta
measuring an unobservable marginal rate of substitution is replaced by the much easier
measuring rents.

Following the logic in DV, the BLS changed its procedure for measuring inflation of h
ing costs in 1983. The BLS currently measures changes in the cost of owner-occupied u
constructing a rental price index (the owners’ equivalent rent index). The BLS forms a s
of 36,000 owners for two year intervals and queries owners about the implicit rental va
their house and which housing services would be included in this rent. The BLS then me
changes in rental rates for actual rental units and re-weights these observations to cons
owners’ equivalent rent index.2 This method of measuring housing inflation represented a g
improvement over previous methods, which basically measured changes in house prices

The theoretical underpinnings of the user cost are easy to demonstrate, and also perm
make distinctions between measures of changes in costs and changes in welfare. For si
and for comparison with previous work, we begin by assuming that households face no
tainty about future prices.3 Consider an economy in which there are two goods, a comp

1 See Kearl [13], Poterba [14,15], DiPasquale and Wheaton [6], and Crone et al. [3].
2 See the BLS website for more detail on constructing rental indices: http://stats.bls.gov/cpifact7.htm.
3 The analysis and notation in this section follows that of Dougherty and Van Order [7].

http://stats.bls.gov/cpifact7.htm
http://stats.bls.gov/cpifact7.htm
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commodity,c, and a housing good,h, with relative price,q. At each periodt = 1, . . . , T , house-
holds choose how much of the composite commodity to consume,ct , how many bonds to bu
that mature in the following period,bt+1, and what level of housing consumption to carry into
next period,ht+1. The household’s investment in housing services is denotedxt . The household
has real incomeyt , and saves (or dissaves)st . The period interest rate on bonds isit . All income
is taxed at a constant rateθ . The inflation rate for the composite commodity is constant aπ .
Houses depreciate at constant rateδ per period.

The household chooses sequences of consumption, bond holdings, and housing cons
subject to the constraints,

ct + qtxt + st = (1− θ)yt + (1− θ)it bt , (1)

bt+1 − bt = st − πbt , (2)

ht+1 − ht = xt − δht . (3)

Equation (1) is the period budget constraint. Real expenditures on consumption, inves
in housing, and real savings must equal total real income. Equation (2) provides the tra
law for savings. Each period, savings is equal to the difference in bondholdings from the pr
period, net of inflation. It will be assumed throughout that households are not credit-const
Equation (3) describes the transition law for the housing stock. Each period, housing inve
is equal to the difference between the current stock holdings and stock holdings from the
before, net of depreciation.

Households maximize discounted utility. Letu(h, c) be the period utility function for this
household. The household’s value function can be written recursively as

Vt (ht , bt , qt , yt ) = max
ht+1,bt+1

u(ht , ct ) + βVt+1(ht+1, bt+1, qt+1, yt+1), (4)

subject to (1)–(3).
It is straightforward to show that the first-order and envelope conditions imply that,4

∂u(ht ,ct )
∂ht

∂u(ht ,ct )
∂ct

= qt−1

(
it (1− θ) − π − �qt

qt−1

)
+ qtδ, (5)

where�qt = qt − qt−1.
Equation (5) is the marginal rate of substitution of housing for the composite good with re

to the period utility function. It represents the user cost of capital in our model.5 In order to have
an extra unit of housing services at timet , the consumer investsxt−1 at timet − 1 into the stock
of housing. The opportunity cost of this investment increases as the expected return o
t − 1 savings goes up (as reflected byit and−π ) and as the rate of depreciation increases.
opportunity cost falls with the rate of housing appreciation.

In this model, the user cost of capital is derived as the marginal rate of substitution be
housing and other goods, keeping the period return function constant. DV suggest tha
“ . . . an appropriate measure of housing cost on the grounds that it is a measure of the
value of the bribe necessary to get home-owners to give up one unit of housing.” While we
that the user cost is a good measure of the flow value of the housing asset, changes in

4 See Appendix A for derivation.
5 In their derivation of the user cost, DV assume the relative price of housing,qt , is constant over time. In this case, t

right-hand side of Eq. (5) collapses to the standard expression for the user cost:q(it (1− θ) − π + δ).
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cost can give a misleading picture of the change in aggregate welfare due to a change in
prices. The reason is that the user cost fails to account fully for the fact that housing is not
a consumption good, but is also an investment good that enters into the household’s port
assets. After an increase in price, households that own their homes will be better off. Inde
observation underpins the empirical literature that looks for changes in consumption foll
changes in housing wealth.6 Similarly, renters who eventually plan to buy are made worse of
the change in relative prices.

Another confounding problem with the use of a marginal rate of substitution to make a
fare calculation is the fact that this exercise uses a static approach to measure somethin
inherently dynamic in nature. The user cost is suitable for measuring the dollar value of th
necessary to give up one unit of housing for one period. Or, equivalently, the user cost
dollar value of the bribe necessary to keep single period utility constant under different re
prices. This approach does not take into account expectations for future values of the sta
ables in the economy, such as interest rates or other variables that influence a household
choice. A more appropriate way to tackle the welfare question is to ask, given the curren
of the economy, what is the dollar value of the bribe necessary to keep lifetime expected
constant? Given an expression for this welfare adjustment, it is then possible to aggreg
compute a welfare index for the economy.

3. A simple dynamic model

The standard definition of anexact cost of living adjustment (e.g., Diewert [4]) is the dif-
ference of expenditure functions in two periods at a constant level of utility, but with cha
prices. Our approach to measuring changes in welfare differs in two crucial ways. First, we
on dynamics. We keep the value function—not the period return function—constant. Seco
explicitly recognize that housing is both an investment and a consumption good. When r
prices change, both the set of feasible purchases as well as the household’s budget cons
affected. Formally, our welfare adjustment for periodt , which we denote aswt , is defined in
Eqs. (6) and (7),

wt = y′
t − yt , such that (6)

Vt (ht , bt , q
′
t , y

′
t ) = Vt(ht , bt , qt , yt ), (7)

whereVt is defined in Eq. (4). In this section, we have dynamics, but no uncertainty. Thus,
exercise we are studying how lifetime expected utility changes after a price change that
single period. After this price change, prices revert back to their old level. The welfare adjus
is a dollar value, expressed as a difference between two income levelsy′

t andyt that makes the
household indifferent between relative pricesq ′

t andqt at timet .
Up to a first-order approximation, the welfare adjustment can be written as a solution

following equation:

�V ≈ ∂Vt (ht , ct , qt , yt )

∂qt

�qt + ∂Vt (ht , ct , qt , yt )

∂yt

�yt , where (8)

�qt = q ′
t − qt and �yt = y′

t − yt . (9)

6 See Case et al. [2], Englehardt [8], Hoynes and McFadden [12].
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We apply the Envelope Theorem to compute the partial derivatives of the value functionqt

andyt ,

∂Vt (ht , ct , qt , yt )

∂qt

= −∂u(ht , ct )

∂ct

xt , (10)

∂Vt (ht , ct , qt , yt )

∂yt

= ∂u(ht , ct )

∂ct

(1− θ). (11)

It follows from Eqs. (8)–(11) that if we want to keep discounted expected utility constant
is, �V = 0), then up to a first-order approximation of the value function, it must be the cas

∂u(ht , ct )

∂ct

(1− θ)�yt = ∂u(ht , ct )

∂ct

xt�qt , (12)

(1− θ)�yt = xt�qt . (13)

Equations (6) and (13) imply the welfare adjustment is given by

wt = xt�qt

(1− θ)
. (14)

Equation (14) has a very different interpretation than Eq. (5) for computing the welfare a
ment. If nominal house prices are increasing (�qt > 0), then the welfare adjustment is positi
for those households that are increasing their stock of housing, and negative for those hou
that are decreasing their stock of housing. If a household increases its stock of housingxt ,

then the welfare adjustment is the change in real income needed to afford the increase in
If the household is decreasing its stock of housing, then the welfare adjustment is negativ
makes sense because those households that are decreasing their stock of housing (i.e.,
to sell) are made better off by price increases. All other things held equal, welfare adjus
are higher under higher marginal tax rates. This is because of the interest rate deduction.
a household that makes no change to its housing stock experiences no immediate chan
welfare. This is one of the most important features of the model—welfare gains and loss
experienced only when changes in prices alter housing consumption plans. In the next sec
extend this result to cover the cases where changes in prices can alter the path of the ec
state variables and, thus, alter consumption plans far into the future.

Note that our approach differs from the user cost approach, where expected capita
reduce overall housing service costs one-to-one in every period, regardless of the tim
consumption plans. In most real world housing markets, consumers do not buy and sell
frequently. Holding all else fixed (including expected future relative prices), changes in th
ative price of housing today should leave utility unchanged for those who do not adjus
housing stock. This idea is reflected in Eq. (14).

The model above makes several simplifying assumptions that are useful in deriving c
results. For example, in the model above there are no transaction costs and the time pat
state variables are given. However, in Appendix A we show that the same basic results h
substantially more general model that allows for transaction costs in the adjustment of h
stock and where the state variables evolve stochastically. The general model also allows
price changes to convey information to consumers about future price trends.

While the source of the relative price change�qt is unspecified in this exercise, Eq. (1
suggests that we do not need this information to calculate a welfare effect. In reality, these
price changes could have come about because of changes in preferences, changes in tax
restrictions, etc. However, the source is unimportant in computing the welfare effect.
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Finally, in this simple setting we do not have a full equilibrium where demand and supp
equated. Thus, it is entirely possible that the underlying equilibrium is one where welfare
be improved. Examples that come to mind are local markets where building restrictions
lead to inefficient matching between households and land. We do not model this directly an
have little to say about the efficiency of land use. But, any changes in welfare that result fro
introduction of a policy would be captured by Eq. (14) to the extent that it generated a c
in qt .7

3.1. Aggregate welfare adjustment

Suppose there areI households in the economy and that the investment in housing se
by householdi is xi,t . We define the aggregate welfare adjustment (Wt ) as,

Wt =
∑

i

xi,t�qt

(1− θ)
. (15)

The aggregate welfare adjustment is the sum of the welfare adjustments in Eq. (14) fo
the households in the economy.

In order to characterize the aggregate welfare effect, we make the following simplifyin
sumption about the economy:

A1. Investment in housing can be obtained by purchasing existing stock (xo), purchasing new
stock (xn), or by renovating existing stock (xr), so that

xi,t = xo
i,t + xn

i,t + xr
i,t . (16)

This assumption is essentially an accounting identity that represents the only way an
can adjust his housing consumption.

An important feature of housing markets is that investment in existing stock is accomp
through trade. Any investment in existing stock by agenti is perfectly offset by a sale by som
agentj . These offsetting investments lead to an important aggregation result,∑

i

xo
i,t = 0, because− xo

i,t = xo
j,t for all buyer–seller pairs(i, j). (17)

The aggregate welfare adjustment due to changes in prices of the existing housing
is zero. The intuition behind this result is straightforward. Suppose that household A s
home worth $100,000 to household B. Suppose that, in nominal terms, the price of h
has increased by $5000 over the past year. Then, in nominal terms, the welfare adjustm
household A is−$5000 and the welfare adjustment for household B is $5000. The aggr
adjustment is zero.

The implication of this result is that any aggregate welfare adjustment must come
changes in the housing stock from new construction and/or renovations. We formalize th
servation as follows. LetXn

t = ∑
i x

n
i,t andXr

t = ∑
i x

r
i,t be the aggregate housing services fr

new housing and renovations and repairs. Then the aggregate change in welfare is given

Wt = (Xn
t + Xr

t )�qt

1− θ
. (18)

7 We thank a referee for making this point.
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Fig. 1. Yearly fall in per household welfare.

Equation (18) has important consequences for the measurement of welfare. The ch
welfare attributable to a change in relative prices is given by the value of the total investm
new stock plus the dollar value of the renovations prompted by the change in prices. The
be enormous changes in welfare for individual households who buy and sell the existing
but most of these welfare effects will be offset by equal but opposite welfare effects exper
elsewhere in the economy. Since new construction each year generally represents a smal
of the existing stock, and renovation costs in any given year represent a small fraction of th
value of the houses being renovated, basing welfare transfers on a welfare index such as
will overcompensate a large proportion of the economy.

In Fig. 1 we see estimates ofWt for the US data. The new construction series is the histo
cost of privately-owned new residential housing, published by the Bureau of Economic An
(BEA). The renovation series is an historical cost series derived from the fixed asset
also published by the BEA. Price changes in the existing stock of housing do not ent
calculation ofWt . Thus, in keeping with our analysis here, the only prices that impact we
are investment prices. We do not know the actual distribution of tax rates for the popula
homeowners, therefore we assumeθ = 0 and interpret the derived seriesWt as a lower bound fo
the actual welfare costs of housing price changes. The figure shows a series trending upw
house prices have risen over time. Negative year-over-year growth rates in the welfare ind
to track the US real estate cycle, with declines in the index mainly representing declines
construction. Between 1984 and 1998, the average amount required to compensate ho
for changes in house prices was $127. For purposes of comparison, the owner’s equival
index suggests that households faced average increases of $233 per year in the cost o
occupied housing.8

8 This calculation is based on applying the owner’s equivalent index to actual household expenditures on
occupied housing in 1983. The base year expenditure is calculated as average annual household consumptio
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4. Caveats and extensions

In this section we discuss some of the limitations of our modeling framework and how
might bias our results. One important simplifying assumption is that credit constraints a
binding. Credit constraints may bind for some individuals in many local real estate markets
importantly, young households looking to transition from rental markets to the owner-occ
market are probably the most likely to face binding constraints. A rapid increase in price
force some of these households out of the market for owner-occupied housing because th
the necessary resources to qualify for a mortgage or to come up with a downpayment.9 While we
do not attempt to measure the overall welfare loss due to binding credit constraints—do
would require a sufficiently more complex model—we believe that our current approach le
to understate the overall change in welfare due to price increases in the aggregate. Clea
is an important area for future research.

A second important simplifying assumption we make is in Eq. (8), in which we use a
order approximation to the value function when computing the welfare adjustment. While
probably an innocuous assumption for small changes in home prices, it is not innocuou
price changes are large. If households are facing credit constraints, then large increases
may prevent the constrained households from investingxt in new housing. Additionally, we ma
expect a substitution effect to take place if there are dramatic changes in relative prices
a first-order approximation also allows us to abstract away from risk in our calculations.
wanted to allow for risk, we could instead use a second-order Taylor series. Many of the
could easily be restated for this case, but at the cost of much more notation.

A third important point is that we abstract away from mortgages. Instead we assum
individuals borrow on the bond market in order to purchase housing. Adding mortgages a
choice of financing packages into our analysis would greatly complicate the model with,
opinion, little to gain.

A final and important caveat is that, while price changes do not result in aggregate ch
in the welfare in the existing stock of housing, this is far from true at a disaggregated
Individual households moving into an area after an episode of rapidly increasing prices h
pay more for their houses. Housing inflation involves a redistribution of income between
buying homes and those selling their homes. While there is no aggregate change in welfar
are potentially large individual losses and gains in welfare.

5. Conclusion

In this paper we develop a new approach to measuring welfare changes brought ab
changes in the price of housing. The welfare adjustment is defined as the amount of th
sumption good necessary to keep a household’s value function constant after a change
prices. This measure is derived from a dynamic model of consumption and investment dec
and takes into account the fact that house price changes have important effects not only on
hold costs, but on their income and balance sheet wealth as well. It is in this way that we
from the large literature on cost of living adjustments, which focuses primarily on costs

itures for urban households in 1982–1983 ($19,128) multiplied by the share of the owner’s equivalent rent in
(22%).

9 Typically, mortgages are priced nonlinearly, with a large discrete jump in interest rates for loans with downpa
below a certain level.
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welfare adjustment has the important property that, for transactions involving existing h
welfare gains at the household level are exactly offset by losses for the transacting par
is intuitive. With assets in fixed supply, increases in the price of housing are good for h
holds that are selling their houses and bad for households that are purchasing new hous
show that the only changes in aggregate welfare due to house price changes come from n
struction, or from changes in the price of renovating and upgrading the existing stock. In
countries, the vast majority of housing transactions in a given year involve existing stock.
we conjecture that the recent episode of price appreciation observed in many countries m
resulted in large wealth transfers across households, but likely had modest effects on ag
welfare. For the United States, we estimate the average welfare loss per household due
price changes to be $127 per year between 1984 and 1998.
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Appendix A

A.1. Derivation of the user cost formula in (5)

The first-order and envelope conditions for the program in (4) are:

qt

∂u(ht , ct )

∂c
= β

∂Vt+1(ht+1, ct+1, qt+1, yt+1)

∂ht+1
,

∂u(ht , ct )

∂c
= β

∂Vt+1(ht+1, ct+1, qt+1, yt+1)

∂bt+1
,

∂Vt (ht , ct , qt , yt )

∂h
= β

∂u(ht , ct )

∂c
+ ∂u(ht , ct )

∂c
qt (1− δ),

∂Vt (ht , ct , qt , yt )

∂b
= β

∂u(ht , ct )

∂c
+ ∂u(ht , ct )

∂c

(
it (1− θ) + (1− π)

)
.

Combining these equations yields the user cost formula in (5).

A.2. Welfare measures in a generalized model of housing consumption

Here, we generalize the model to allow changes in the current price convey inform
about the evolution of prices in the future. Assume that house prices follow a Markov
Fq(qt+1|qt ), while income, interest rates, and inflation follow Markov chainsFy(yt+1|yt ),
Fi(it+1|it ), andFπ(πt+1|πt ), and that a household lives forT periods.10 Finally, assume tha

10 For simplicity, we assume that these processes are independent. However, it would not greatly complicate
allow them to be dependent.



P. Bajari et al. / Journal of Urban Economics 58 (2005) 474–487 485

his last

man’s

)

e
ary to

t is

lds that
ce
alue of
ifferent
e equa-

) from
hase or

ey do
term,

savings
e opti-
hat has

prefer-
ing an

t deal in

in con-
ease, it
there is a fixed cost,f , for adjusting the stock of housing ifxt �= 0. We let 1{xt �= 0} denote the
indicator function for the event that the stock of housing services has been adjusted. T
assumption alters the budget constraint to

ct + qtxt + f 1{xt �= 0} + st = (1− θ)yt + (1− θ)it bt . (A.1)

Let ωt = (ht , bt , qt , yt , it , πt ) represent the vector of states and defineG(ωt |ωt−1) to be the
Markov chain describing the evolution of the entire state vector. The household’s Bell
equation can now be written as

Vt (ωt ) = max
ht+1, bt+1

(
u(ht , ct ) + β

∫
Vt+1(ωt+1)dG(ωt+1|ωt)

)
, (A.2)

subject to (A.1), (2), and (3). (A.3

Now consider a price level change fromqt = q ′ to qt = q ′′. We define the dynamic welfar
adjustment in a similar way to that in the main text. It is the transfer (in real terms) necess
keep the value function constant.

It can be shown that, up to a first-order approximation, the dynamic welfare adjustmen

wt = 1

1− θ

T∑
s=0

βs
((

E[qt+sxt+s |qt = q ′′] − E[qt+sxt+s |qt = q ′])
+ E

[
st+s − (1− θ)it+sbt+s |qt = q ′′]

− E
[
st+s − (1− θ)it+sbt+s |qt = q ′])

− α1

α2

T∑
s=0

βs

s∑
r=1

(1− δ)s−r
(
E[xt+r |qt = q ′′] − E[xt+r |qt = q ′]). (A.4)

This expression has three terms. The first term illustrates, once again, that househo
adjust housing consumption (i.e.,xt+s for somes) after relative price changes will experien
changes in their welfare. This welfare adjustment is the after tax discounted expected v
the difference between the planned expenditures on housing consumption under the two d
relative price levels. We emphasize that the sequence of planned housing investments in th
tion above reflects optimal decision-making given existing prices (eitherq ′ or q ′′). Households
that keep housing consumption constant over their lifetimes do not directly benefit (or lose
price changes. Any direct benefit (loss) from price changes comes from an eventual purc
sale, and is discounted to the present.

It is possible that households experience an indirect change in their welfare even if th
not change housing consumption. This indirect channel comes primarily from the second
which represents the after-tax expected discounted value of the difference in planned real
under the two different relative price levels. If relative prices increase (decrease) it may b
mal for the household to lower (raise) its savings rate to account for the change in wealth t
just occurred. The exact adjustment to optimal savings plans depends on the household’s
ences. Impatient and less risk averse households will generally reduce their savings follow
increase in prices, while risk averse households may not alter savings decisions a grea
the face of changes in relative prices.

The third term, represents the change in discounted utility that results from changes
sumption of housing services due to the price change. For example, if relative prices incr
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may be optimal for the household to reduce its housing consumption. The third term me
the utility effect of this change, discounted to the present. As before, the exact amount
adjustment will depend on household preferences, as is evidenced by theα1

α2
term, which is the

marginal rate of substitution of housing consumption for nonhousing consumption (see th
pendix for the derivation). Note that this term is different from the first term, which meas
the differences in cost associated with optimal housing investment under two different
This term only becomes important if changes in the relative price of housing cause a subs
effect.

There is some debate in the literature on the magnitude of the elasticity of savings with r
to housing prices. Englehardt [8] argues that this elasticity is small, while Hoynes and M
den [12] find that households adjust savings in an asymmetric way, increasing savings
when house prices decline, but leaving their savings rates unaltered after price increase
this issue is not completely resolved (see Case et al. [2]) we use this evidence as justi
for ignoring the second term, which yields the following expression for the dynamic we
adjustment:

wt = 1

1− θ

T∑
s=0

βs

((
E[qt+sxt+s |qt = q ′′] − E[qt+sxt+s |qt = q ′])

− α1

α2

s∑
r=1

(1− δ)s−r
(
E[xt+r |qt = q ′′] − E[xt+r |qt = q ′])

)
. (A.5)

Aggregate welfare adjustment in the generalized model.
As before, we define the aggregate welfare adjustment (Wt ) as the sum of the welfare a

justments for the individual households. Suppose that credit markets clear and that supp
equal demand in the market where existing homes are traded. Then, the main result of th
ous section holds approximately in the general case.

In the first term of (A.5) it is easy to see that price changes for the existing stock of ho
exactly offset. The same is true for the second term if all individuals have the same margin
of substitution between housing consumption and consumption of the composite commodα1

α2
.

In that case, we have

Wt = 1

1− θ

T∑
s=0

βs
(
E

(
qt+s

(
xn
t+s + xr

t+s

)|q ′′) − E
(
qt+s

(
xn
t+s + xr

t+s

)|q ′))

− 1

1− θ

T∑
s=0

βs

s∑
r=1

(1− δ)s−r
(
E

[
xn
t+r + xr

t+r |qt = q ′′] − E
[
xn
t+r + xr

t+r |qt = q ′]).
(A.6)

If it is not the case that all individuals have the same marginal rates of substitution
(A.6) holds approximately so long as the housing stock does not shift among households
systematic way.

In this more general setting, agents that sell their houses when prices increase realize
gain. Thus, the dynamic welfare adjustment does bear a resemblance to the traditional u
However, unlike the user cost, agents do not necessarily experience changes in welfare
of the event that house prices have increased. These capital gains-related changes in we
realized only to the extent that they influence some eventual sale. The impact of the final
Eq. (A.6) depends on how distant in time the sale is expected to be.
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For households trading within the set of existing housing stock, the aggregate impact o
fare is approximately zero. Welfare adjustments are approximately offset among curre
future buyers and sellers. Note that price changes may have a large distributional impact.
holds that own their housing are benefited by price increases at the expense of those tha
yet own their housing.

The full derivation of Eq. (A.4) is available from the authors upon request.
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