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Abstract
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gether with endogeneity of housing prices. First, housing price appreciation implies
improvement in aggregate welfare in a model with exogenous housing price and credit
constraints. Then, housing price is endogenized by modeling the supply side of the
housing market. In this model, housing price appreciation is caused by supply and de-
mand shocks. The supply shock originates from a change in building permit cost. The
demand shifts are generated by changes in household income and interest rates. Both
credit-constrained and unconstrained versions of this model are considered. Finally,
the combination of observed demand and supply shocks is used to quantify aggregate
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1 Introduction

In the second half of 1990s first half of 2000s a considerable increase in housing prices was
observed in majority of developed countries. Particularly in the United States housing prices
have risen at a rate exceeding growth rate of income and other asset prices during the last
decade (Bajari et al (2005), Li and Yao(2004)). Between 1986 and 1994, the increase in
housing prices was 22.1% as opposed to 41.9% for the period from 1996 to 2004, using the
constant-quality housing price index published by the US Census Bureau (see Figure 1).
! This has stimulated research on the effects of housing price appreciation, particularly
its link with monetary policy, its role in the business cycle and most importantly, its ef-
fects on consumption and consumer welfare (see for example Iacoviello and Minetti(2003),
Iacoviello(2004), Li and Yao(2004), Campbell and Cocco(2005), Bajari et al(2005)).

Some papers have studied the effects of the increase in housing prices on the consumption
and welfare of separate groups such as young renters, young homeowners and old homeown-
ers. For example, Campbell and Cocco (2005) use UK micro-level data on real non-durable
consumption growth and real housing price growth together with a life-cycle model to demon-
strate a positive effect of an increase in the growth rate of housing prices on the growth rate
of consumption. This effect is especially strong and significant for old homeowners and, still
quite significant but smaller in magnitude, for young homeowners. Li and Yao (2004) also

employ a life-cycle model of housing tenure choice to explore the effects of housing price

shocks on household consumption and welfare. They find that for the homeowners less than

!Similar observation can be made using other housing price measures e.g. the average purchasing price
of housing from the Federal Housing Finance Board. It increased by 28.4% in the period 1986-1994 and by

68.9% from 1996 to 2004.



40 years old a permanent increase in housing price implies welfare losses while in case of
older homeowners it implies an increase in their real non-durable consumption as well as
welfare.

Bajari et al (2005) study the aggregate effects of housing price changes on consumer
welfare. They develop a new approach to measuring the changes in consumer welfare due to
changes in the prices of owner-occupied housing. This approach defines welfare adjustment
as the transfer in the form of income required to keep expected discounted utility constant,
given the change in housing prices. The authors claim that this measure is more accurate
than the user cost employed in earlier studies. The reason is that the user cost (defined as
the marginal rate of substitution between housing and non-durable consumption) is entirely
static while the welfare adjustment involves dynamics. In addition, user costs fail to take
into account the role of housing as an investment good. Using their measure of welfare
adjustment, the authors show that there is no change in aggregate welfare due to an increase
in the price of the existing stock of housing. This result is based on a simple market clearing
condition, which implies that the losses of buyers are exactly compensated by the gains of
sellers. This conclusion holds for both a deterministic version of the model where current
state conveys no information about future states, as well as for a stochastic one, where the
state follows a first order Markov chain.

Bajari et al (2005) abstract from rental markets and binding credit or borrowing con-
straints. However, for households subject to binding credit constraints, housing appreciation
implies two kinds of effects: i) an increase in lifetime housing costs because of the necessity to
buy a larger house in the future; ii) a benefit due to a relaxation of credit constraints (because

of increased housing equity) and thus the opportunity for better consumption smoothing.



Thus, by abstracting from credit constraints, Bajari et al (2005) ignore the additional effects,
which housing price appreciation has on credit-constrained households. Empirically, one can
evaluate the importance of credit constraints from the fact that over 65% of owner occupied
housing in US is mortgage-financed (according to American Housing Survey). Also, credit
constraints are binding in the US economy since the maximum allowed loan-to-value ratio
(LTV) for conventional mortgages in second half of 1990’s beginning of 2000’s was equal to
80%? (see Tsakaronis and Zhu (2004)) and average actual LTV for years 1995-2004 fluctuated
between 75.1 and 79.9% (according to Monthly Interest Survey of Federal Housing Finance
Board). From the modeling perspective, Ortalo-Magne and Rady(2005) identify a crucial
role of capital gains and losses experienced by credit-constrained individuals in explaining
housing market fluctuations.

In the first part of this paper, the aggregate welfare effects of housing price appreciation

are studied in a model analogous to Bajari et al (2005) but with households subject to
binding credit constraints. Two major forms of credit constraint have been used in the
previous literature. One of the most widely used models of credit constraints is that of
Kiyotaki and Moore (1997). The authors study how credit constraints interact with aggregate

economic activity over the business cycle. In this model, borrowing is restricted so that the

?Maximum LTV in this context refers only to conventional (prime) single family mortgages. During the
last decade rapidly growing sub-prime lending market has appeared in the US. Sub-prime mortgages usually
have higher LTVs than conventional ones, since they are given to households unable to meet the usual down
payment requirements. Sub-prime loans are not considered here. Although their share in total mortgages
constantly grew between 1995-2004, the proportion of sub-prime mortgages didn’t exceed 20 % of the total

mortgages by 2004 (according to the US Federal Reserve Bank).



repayment of a loan in the next period does not exceed the next period’s value of the asset
serving as collateral. Similar borrowing constraints is used in lacaviello and Minneti(2003),
TIacoviello (2004), etc. A more efficient form of credit constraint, called a margin clause, is
considered in Mendoza and Durdu (2004). They employ collateral constraints under which
the borrowing of a small open economy cannot exceed a fraction of the current market value
of the economy’s equity holdings. This type of contract is more effective and is widely used
in international capital markets by investment banks and other lenders as a mechanism to
manage default risk. In contrast to the Kiyotaki-Moore constraint, the custody of collateral
assets is transferred at the time of entering into a credit contract (in Kiyotaki Moore model
it is transferred only in the next period, which is why it limits borrowing to the value of the
asset in that period). Moreover, there is more flexibility and less risk for lenders since they
can automatically make up shortfalls in the value of the collateral asset by liquidating it as
soon as the price changes so that the value of the collateral is exactly equal to the debt.
Presented results show that in an economy with binding credit constraints housing price
appreciation implies an overall improvement in aggregate welfare. In a model with the
Kiyotaki-Moore type constraint, this result holds only with the additional assumption that
housing prices follow a random walk. In the model with a margin clause this result is
observed even in the simplest deterministic version. This is due to the fact that the margin
clause constraint is immediately affected by the housing price appreciation as the current
price enters this constraint. However, if Kiyotaki-Moore constraint is used, the next period’s
price enters the constraint and it is not necessarily affected by the change in current price.
In Bajari et al (2005), the housing prices are exogenous. In contrast, I allow housing

price to be determined by the equilibrium in the housing market and to change due to
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supply-side and demand-side shocks. Modeling of the supply side shock follows primarily
Glaeser and Guyourko (2005). They show that the increase in housing prices since the 70’s
mainly reflects an increasing difficulty of obtaining regulatory approval for building houses.
This can be explained by changing judicial tastes, decreasing ability to bribe regulators, and
stricter formal procedures. Similarly, in my model an endogenous supply shock is generated
by an increase in building permit costs. Besides analyzing the consequences of housing
price appreciation driven by supply-side shocks, the theoretical model is used to explore the
consequences of housing price appreciation driven by demand-side shocks. Inspection of the
US data allows one to identify changes in income and interest rates as the most important
demand-side shocks observed during 1995-2004. The effects of demand and supply-side
shocks are analyzed for both credit constrained and unconstrained versions of the model.

The results of the endogenous price model demonstrate that the final welfare effect of
housing price appreciation depends on it’s source. Housing price appreciation driven by
negative supply-side shocks such as increase in building permit cost leads to welfare loss,
while housing price appreciation driven by positive demand-side shocks such as increase
in income or decrease in the interest rates implies a welfare gain. Comparison of welfare
adjustments in a constrained and unconstrained model resulting from change in the building
permit costs reveals that the relationship between them depends on the relative weight of
housing in the utility function (under Cobb-Douglas form of preferences). Finally, the credit-
constrained and unconstrained models are calibrated using a combination of actual demand
and supply shocks in the US housing market in 1995-2004. The result demonstrates that
housing price appreciation leads to an improvement in aggregate welfare.

The rest of the paper is organized a follows. Section 2 describes and solves the proposed



model with households facing credit constraints and interprets the results. Section 3 builds
and solves the model with endogenous housing price in both credit-constrained and uncon-
strained versions in which the changes in the housing price are driven by supply side shocks.
Section 4 interprets and compares the results of credit constrained and unconstrained models.
Section 5 analyzes the welfare implications of housing price appreciation driven by demand
side shocks. Section 6 determines the change in aggregate welfare due to housing price ap-
preciation driven jointly by the supply side and demand side shocks. Section 7 concludes

the paper.

2 Model with exogenous housing price and credit con-

straints

2.1 Model definition and solution

Consider an economy subject to credit constraints in which there are two goods: a
composite consumption good ¢ and housing A with a relative price ¢ which is deterministic
and exogenous as in the benchmark model . Also, there are risk-free assets in the form of
bonds b. Households choose how many bonds to carry into next period b;y1 (b1 can be either
positive or negative. In the latter case households are borrowers), how much housing stock
to carry into next period h;.1, and how much to consume now ¢;. A household’s investment
into housing is denoted by x;, and the investment in the risk-free asset (saving) is denoted
by s;. Households have real income 7; .The interest rate paid for borrowing or received

for investment in bonds is exogenous and given by i;. Adjustment of housing stock implies
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transaction costs which enter into the budget constraint as a separate expenditure which is
denoted by f1{z; # 0}. Here f1 is an operator which takes fixed positive value when steady
state investment into housing is not equal to zero and value zero when investment into
housing is equal to zero. In this version of the model, the depreciation of housing and new
construction is abstracted from and it is assumed that there is a fixed stock of housingtraded
between the agents.

Households are credit-constrained in the sense that they can borrow only up to a certain
amount to finance their housing investment. Under margin clause constraint (Mendoza and
Durdu(2004)) households can borrow only up to some fraction of their current wealth. In the
present model, a household’s current wealth consists of the current value of its housing stock
which can be used as a collateral. Thus credit constraint takes the form b,,1 > —mq;h; 1 i.e.
households can borrow only up to fraction m < 1 of the total value of their existing housing
stock.

The problem of the household can be formulated in the following way:

V(htabtvqtayt) = max {u(ct7ht) +Bv(ht+1,bt+1a%+1>yt+1)a (1)
{Ct:ht+labt+1}
s.t
e+ qry + s+ fl{xy # 0} =y + iiby, (2)
bt+1 — by = sy — hy, (3)
ht+1 —hy =z (4)
bt+1 > —m(]tht+1- (5)

Besides the credit constraint discussed above the optimization includes three additional
constraints. One is the usual budget constraint. The second constraint says that real savings
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(investment into bonds) should be equal to the difference between bondholding for the next
period and the current bondholding net of inflation m. The third says that each period’s
investment in housing should be equal to the difference between the next period’s housing
stock and the current housing stock.

One can substitute (3) and (4) into (2) to simplify the maximization and obtain the

following constraints:

¢t =Y + by — C]t(ht+1 - ht) - (bt+1 - (1 - W)bt) - fl{ft - 0}> (6)

bt+1 > _mchtJrl- (7)

The maximization of (1) subject to (6) and (7) gives the following F.O.C. and Envelope

conditions:
aU(Ct, ht)
= A
aCt b (8)
oV (h b
—qg\ + 3 ( t+178t;1,%+1,yt+1) + g, = 0, (9)
t+1
h b
_/\t‘i‘Ut—i—ﬁaV( t+175;1,%+1,yt+1) ~0. (10)
t+1
av(hta bt7 dt, yt) 8U(Ct, ht>
= A 11
@ht aht + tqt, ( )
OV (hg, by, qs, )
( tabt at, Yt) =N(iy +1—m). (12)
¢

where v is the Lagrange multiplier for the credit constraint and A is the Lagrange multiplier
for the budget constraint. From equation (10) it is possible to determine under what con-
dition the multiplier of credit constraint v; is positive meaning that constraint is binding .
Substituting equation (8) and equation (12) into condition (10) and rearranging yields the
following formula for v;:

. 8U(Ct, ht)

Ou(cigr, ht—i—l) (
8ct

dci

—p

Ut ’it+1 +1-— 7T).
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This last equation implies that constraint is binding if the following holds :

5u(ct, ht)
aCt
ou(cry1, hitr)

aCt

> 4+ 1— . (13)
B

Thus credit constaint is binding if intertemporal marginal rate of substitution between
consumption today and consumption tomorrow is higher than gross real interest rate.

Let’s derive the user cost from this model and see how the existence of a binding credit
constraint changes results of the benchmark model. User cost was defined in Dougherty and
Vanrder(1982) as the marginal rate of substitution between housing consumption and other
consumption. It is essentially the measure of the value of compensation which is necessary to
force homeowners to give up one unit of housing. Combining the above equations, shifting the
resulting equation one period back and expressing from it the marginal rate of substitution

between housing consumption and composite good consumption yields:

3U(Ct; ht) 6’U(thl, htfl)

_Oh g Be m—l oy Y4

oulcy, hy) -1 (Zt i mq,—1 + m ) + a1 (1 —m) 68u(ct,ht) (14)
aCt 36,5

From (13) it can be concluded that the imposition of credit constraint has an ambiguous
effect on user cost. Since m < 1, the first term in this expression is unambiguously lower
than the analogous term in Bajari et al’s paper. However, user cost in this model includes an
additional term which is positive and easy to quantify. This term can be interpreted as the
inverse of the return on housing investment. Investing into one more unit of housing at time
t — 1 requires a reduction in consumption by ¢;_1, and each unit of reduction in consumption
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presupposes a loss equal to the marginal utility of consumption. On the other hand, in period
t additional consumption is obtained, since the increased housing stock implies the possibility
of higher borrowing in period ¢ and therefore higher consumption. Thus, the expression in
the denominator of the second term can be viewed as the benefit from investing into housing.
The fraction m is also present in this term since borrowing increases only by the fraction
m for each unit of increase in the housing stock. The user cost in the economy subject to
credit constraints can be either higher or lower than in the benchmark paper depending on
parameters.

Now the dynamic welfare adjustment first defined in Bajari et al(2005) should be derived
for an economy subject to credit constraints. In this paper analysis is focused on the case
with binding credit constraint (the condition that guarantees that it is binding is given
above) and it is used with equality®. Let’s define the welfare adjustment as compensation in
the form of income necessary to keep a household’s life-time utility unchanged or in other
words to keep the value function constant given change in housing prices. This change in

income is converted into utility terms by multiplying it by the marginal utility of wealth

3The analysis in this paper is concentrated on the period from 1995 to 2003 . For this period the assumption

of credit constraint remaining constantly binding can be justified by the large increase in mortgage refinancing
activity in the US. In particular the refinancing index, which is published by Mortgage Bankers Association
of America and changes in which represent percent changes in mortgage refinancing applications compared
with the previous month, increased from 1.5 in 1995 to around 10 in 2003. One of the crucial reasons behind
this increase was the desire of the consumers to extract housing equity built -up as a result of housing price

appreciation. This refinancing makes non-binding credit constraint binding again.
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which is equal to the Lagrange multiplier of the budget constraint.

The change in the value function due to a change in housing price can be defined as :

av(htv bt7 qt, yt)

AV, =
Oq

Ag. (15)

After the household is compensated for the change in lifetime utility due to change in

housing prices, the final change in value function is given by:

8V(ht,btaQt»yt) Ag+ av(hhbtvqtayt)

AVy =
T 0q; 0yy

Ay.

where AV stands for total change in value function. From this equation Ay is derived
such that change in the value function equals zero. Based on Bajari et al (2005), an envelope
theorem and the first order approximation is applied. Taking derivatives yields:

8V(ht7bt7Qt7yt) _ au(chht)%

a(]t act 8(]15
ou(cy,h Ou(cy, h ou(cit1, h .
A G i T
OV (B, be, g, yr) _ Oulce, hy)
8yt act '

Thus in this economy, the effect of a price change on value function consists of two
effects, a direct one and an indirect one. When housing price appreciates, there is a decrease
in consumption due to more expensive investment into housing. This is the direct effect
reflected in the first term in equatuon (16). On the other hand, due to the increase in price,
the housing equity increases and borrowing constraint relaxes. This allows households to
increase borrowing and, consequently, current consumption. This benefit net of the cost of
repaying the additional borrowing in the next period is presented in parentheses in equation
(16). This is the indirect effect.
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Equating AV to zero and expressing Ay from the resulting equation yields the following

formula for the individual welfare adjustment in this model:

ou(cry1, hutr)
dci
ou(cy hy)
dcy

Ay, = 2, Aqp — mhy 1 Agy + (1 — T+ it+1>mht+1AQt =

(A—m+ity1)

6U<Ct7ht)
8Ct

ou(cesr, hesq)
dcia

= 2:Aq — | mhy1Agy — mhy 1 Aqy

Taking into account equation (13) it can be seen that under the binding credit con-

straints the term in parenthesis in the last equation is positive. Using the utility function of
(Cl—w he ) 1—v
|t

presented in the following form :

the form u(c, h) = based on Li and Yao (2004), the welfre adjustment can be

(1= 7 +ipn) (1 + p)=
(1 + o)+

Ay, = 11Aq — (mht+1AQt - p mht—HAQt) .

where 11 stands for housing stock growth rate and o stands for composite good consump-
tion growth rate.

Let me also discuss the result in case of using Kiyotaki-Moore constraint. This constraint
limits the borrowing so that gross repayment next period does not exceed a fraction of next
period’s expected monetary value of the collateral asset. In terms of the present model

it has the form (1 + 4411)bis1 > —mEqii1hi1. The crucial difference between margin

clause and this constraint is that the next period’s price rather than this period’s price

enters into the credit constraint. If the housing price next period is not affected by the
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change in current price, the credit constraint will not be relaxed and consequently change
in aggregate welfare will still be zero as in Bajari et al (2005). However several empirical
papers have demonstrated that housing prices follow either random walk or AR(1) with high
persistence. Using AR(1) assumption and applying the same procedure to the model with a

Kiyotaki-Moore constraint, the following formula for the individual welfare adjustment can

be derived:
pmhiaAg (1 =7+ dp1) pmhi1 Ag
Ay, = 2, Aq — ) 17
Yt YA 1 + Z.t+1 au(ct’ht) ( )
act

ou(cis1, ht+1) (1 * ZtH)

e

Here the positive effect on consumption due to relaxation of credit constraint is discounted

by the gross interest rate since it can be realized only next period.

2.2 Interpretation and quantification of the welfare adjustment
This section interprets and quantifies the final result. For convenience, here I restate the
formula for individual welfare adjustment:

(]_ — T+ ’L.t-i-l)(]- + ,u)‘”*‘”
(1 _}_O-)w—wv-‘r’Y

Ay = ;. Aq — <mhj,t+1Aqt —p mhj,H_lAqt) for household ;.
(18)

Comparing the result in (18) to that of Bajari et al (2005), two crucial differences can

be noted. First, as it was shown above, the term in parenthesis in equation (18) is posi-
tive which implies that for all households in the model economy the potential welfare loss
is lower (welfare gain is higher) than in the benchmark paper since there is an additional

beneficial effect of housing price appreciation on consumption. This effect comes in the form

of relaxation of credit constraints which gives a better opportunity to smooth consumption.
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Second, homeowners do get a certain benefit from housing price appreciation even without
participating in housing transactions (when z,;; = 0), which is quite consistent with reality.
For instance, older homeowners can leave larger bequests or invest more in retirement ac-
counts even without selling their house. Younger homeowners can shift their investment to
risky assets or increase consumption.

The aggregate welfare adjustment is equal to the sum of individual adjustments defined
by (17). Using the assumption of investment only into existing housing stock and summing
up, the first term of the expression vanishes (Xxz;; = 0)*, yielding the following expression

for the aggregate welfare adjustment:

1— 7 +ipg) (14 p)~=7
W, = =% (mhj,t—i-lAQt - 5( §l ;;;l(wwlj) mhj,t+1AQt) =
1—7m+2 14 )7
= _(mzjhj,t—l—lAQt — 6( t+1)( ,U) mzjhj,t-l—lAQt)- (19)

(1+ o)

Since it was shown that the term in parenthesis in equation (19) is positive , the total
sum in equation (19) is negative. Thus, the aggregate welfare adjustment in this economy
with exogenous housing prices and credit-constrained households is negative, implying that

in aggregate less income is necessary to keep lifetime utility constant. That is, housing

4The term in parenthesis in equation (18) does not sum up to zero since all the households are subject
to binding credit constraints implying that all the households are net borrowers. Here it is assumed that
funds for borrowing are supplied from external sources. This appears to be a reasonable assumption for US
economy. In the discussed period in the US economy, borrowing was largely financed by means of increasing
external debt. In particlar, from 1995 to 2003 total US external debt rose from 26 trillion dollars to 45
trillion dollars ( Federal Reserve, US Treasury data) . While the US government debt remained almost
unchanged during this period, the US financial sector external debt increased by around 70% and business

external debt increased by around 30% ( Federal Reserve, US Treasury data) .
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price appreciation in an economy subject to binding credit constraints actually implies an
improvement in aggregate welfare. Everybody in the economy who possesses any housing
stock is made better off due to the relaxation of binding credit constraints. The finding is
consistent with the observation that in certain years characterized by housing price appre-
ciation developed countries experienced consumption growth or even a consumption boom
(Campbell and Cocco(2004)).

It is possible to quantify the result in (19) and compare it to the result of Bajari et al
(2005). The composite good consumption growth rate is approximated by the non-durable
consumption growth rate taken from Bureau of Economic Analysis NIPA tables. The resi-
dential housing stock growth rate is taken from the Bureau of Economic Analysis Fixed Asset
Tables. Inflation and risk-free interest rate are taken from IMF International Financial
Statistics. Also , it is assumed that m = 0.8 ( look in the introduction) , v = 2 (based on
Li and Yao (2004)), w = 0.2 (based on Li and Yao (2004)), and 5 = 0.98.

The term X;h;+11Aq: can be interpreted as the change in the market value of the total
housing stock, or in other words the change in the aggregate nominal housing wealth. The
data on aggregate nominal housing wealth in the US can be obtained from several studies
(such as Case, Quigley and Shiller (2001), Nothaft (2004), etc). However, when using it to
quantify the result of this model, it is important to take into account three observations.
Firstly, the model does not have the explicit choice of renting the house. Consequently, only
the change in the value of owner-occupied housing stock should be considered. Secondly,
the effect of relaxing borrowing constraints reflected in (18) should in reality be experienced
only by credit-constrained households who take a mortgage when purchasing the house.

Finally, due to considering the case of binding credit constraints, this result is true for
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the households having mortgages with a maximum LTV (or close to it). Based on these
considerations, the yearly change in the nominal housing wealth in US is multiplied by the
share of owner-occupied housing in the total housing stock, by the share of mortgage-financed
owner-occupied housing in the total owner occupied housing stock and also by the share of
mortgages with LTV 70-80% (the average LTV in this group is 79%) in the total number of
mortgages (see the data appendix for the data sources used to calculate these shares). The
resulting numbers are then divided by the total number of households in the US economy
(taken from Current Population Report of US Department of Commerce) to obtain per
household change in aggregate welfare (in 2003 dollars) in the model with credit-constrained
households. The results are displayed in Figure 2. The figure displays the absolute value of
welfare change in (19) so the numbers are positive.

The obtained results contrast sharply with those of Bajari et al (2005), who found no
effects of housing price appreciation on aggregate welfare in case of investing into existing
housing stock. It turns out that when accounting for binding credit constraints, the housing
price appreciation which occurred in the US between 1995 and 2003 improved aggregate
welfare on average by 740 dollars per household a year or around 6700 dollars per household

in total.
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3 Model with endogenous housing prices: Supply side

shocks

3.1 Households

The basic assumptions about the household sector in this model are analogous to the assump-
tions in section 2. The crucial difference is that the housing price is determined endogenously.
To be more realistic, this version also takes into account physical depreciation of housing
and assume that it occurs with constant rate 9.

The household problem in the economy with endogenous housing price and credit con-

straints can be formulated as follows:

Vi(he, b, ye) = max {u(cs, be) + BV (haga, beg, Y1),

{ctshi+1,bi41y

s.t
¢+ qrar + s+ fl{xy # 0} = yp + iy, (20)
bir1 — by = s; — why, (21)
hiyr — he = x4 — Ohy, (22)
biy1 = —mqihigr. (23)

where subscript d denotes a variable belonging to the demand side of the housing market.

The Euler equations for this model are given by:

. aU(Ct, ht)
n 8ct

3U<Ct+1, ht—i—l)
¢

Uy - (g1 +1—), (24)
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Oulcy, hy) 58U(Ct+1,ht+1)+ du(ci1, hiyr)

= 1— 2
qt e, Ohyir Eo C]t+1( 5) + ( 5)
0 h 0 h
+mqt ( u(acél t) _ /8 U(céz;:’ ) t+1) (it+1 + 1 _ 7T) )
_l’_

In the unconstrained version of the endogenous price model, households are not subject
to a credit constraint. Therefore, it is absent from their optimization problem. The rest of

the problem is the same. Euler equations for this model are given by:

du(c, hy) _ BaU(CtH, hiy1) (

; 1-— 2
8ct 8Ct+1 (] + W)a ( 6)
8“(0157 ht) aU(CtH, ht—i—l) 8U(Ct+1, ht+1)
= 1—-9). 27
q a6, 5 Ty + 3 Dern 11 ( ) (27)

3.2 Construction firms

Supply side of the market is identical for both credit constrained and unconstrained versions
of the model economy. In modeling the production of new housing I rely primarily on Amin
and Capozza(1993). Let’s assume that there is a perfectly competitive sector of construction
firms that supply units to the housing market. The representative firm acts to maximize
its profits taking the housing price as given. It has a production function given by X, =
G(Ky, Ly) = Kf‘L%_O‘ where K; is the amount of capital used, L; is the amount land used
and o < 1. It is assumed that firms face constant returns to scale technology which implies

a linear cost function with constant marginal cost, denoted by d. Output per unit of land

Xs,t o Kt
L, \ L,

is given by z,; = g(k:) = ) = (k;)“. Under these assumptions, the total
cost of production is given by dk. Construction firms need to obtain a permit from the

zoning authority, a process that involves costs. The cost of each permit is given by n, which

includes both cash expenditures needed to obtain the building permit as well as the cost
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of time necessary to obtain the building permit (in monetary terms). In real US economy
regulation cost can vary either according to the value of the building project or according to
the square footage of the constructed housing unit. Both the demand as well as the supply
side of the model economy are calibrated in terms of average housing unit, which will be
defined later. Consequently, the dollar value of the building permit cost is set according
to the square footage of this typical unit. Under such calibration, one building permit is
necessary to build one unit of output, that is, one average housing unit. This assumption is
further justified by the fact that the entire US Census Bureau data on building permits is
reported in terms of new privately owned housing units authorized in permit-issuing places,
rather than in terms of number of obtained building permits per se.

With these assumptions, the maximization problem of a construction firm is given by:

maxy, II; = qtTst — dk; — NTs t,

st wey = (k)™

From the maximization, one can get the optimal amount of input used by construction

firm, which is:

_ (1/(1-a))
by — <M) , (28)

This gives the optimal amount of capital to land ratio chosen by the representative firm.
Substituting back into the production function yields the amount of housing produced per

unit of land:

_ (1/(1-a))
M) | (29)

Tsp = g(ke) = ( d

Moreover, since in equilibrium all the firms act in the same way, multiplication of (29)
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by the aggregate stock of land gives the aggregate supply of new housing produced.

3.3 Definition of equilibrium

Let’s define the aggregate supply of land as L . It is reasonable to assume that the supply
of land is fixed in the short run. However, this doesn’t imply that supply of new housing
is fixed as well. It can increase if more housing is produced per unit of land. Let’s assume
that there is an exogenous output of composite consumption good, given by Y;. The supply
side of the consumption good market is not modeled explicitly, since the analysis is focused
on the housing market. Also, the model with credit constraints is analyzed in the situation
where credit constraint is binding. This implies that all households are net borrowers, with
the amount of borrowing determined endogenously depending on the amount of housing
consumption chosen. The equilibrium in credit market is not modeled here since the analysis
is not focused on the behavior of the interest rate. It is assumed instead that there is an
exogenously given supply of borrowing funds By, which is coming from abroad (evidence on
US external debt presented in footnote 4) . Finally it is assumed that there are J households
and [ firms in the economy.

The equilibrium consists of prices {¢;}°,, interest rates i;, allocations {c;, hey1, b1 520
by households and the profit maximizing input demand of firms k; ,such that:

1) given prices, households solve their optimization problem (conditions (24)-(25) for the
credit constrained economy and (26)-(27) for unconstrained economy) and firms maximize
their profits (condition (28));

2) Markets clear , i.e.
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i) ¥;xjar = g(ke)L (housing market),

i) ¥ci0 =Y, (goods market),
i) X0 141 = By (for credit-constrained economy,bond market),
bitt1 =0 (for unconstrained economy,bond market).

The last condition comes from the fact that in a standard unconstrained representative

agent asset pricing model in equilibrium lending should compensate borrowing.

3.4 Characterization of the welfare adjustment

In this section the formula for welfare adjustment due to an endogenous housing price
appreciation for an economy in a steady state is derived. The full derivation of steady state
for both credit-constrained and unconstrained versions of the model is given in the appendix.
Based on Li and Yao(2004) modified Cobb-Douglas utility function of the following form is

used:®
(Cl—whw)l—"/

u(c,h) = T

Suppose that the economy is in a steady state when building permit costs reflected in n
increase. It is evident from (28) that this shifts down the profit-maximizing level of input
and reduces the profit-maximizing output of the competitive firms per unit of land used.
Consequently, the aggregate supply of new residential housing decreases and housing price

appreciates (the expression for the response of housing price to the change in building permit

costs is derived in the appendix). Similar to Section 2, the welfare adjustment is defined as

"Results under more general utility function, separable in housing consumption and composite good

consumption, are available upon request.
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the change in income necessary to keep lifetime utility constant when n changes. The change
in value function resulting from the change in n is given by:

8V(h55, bss7 yss) An N av(h:@sbss’ yss)

AV =
on dy

Ay.

where superscript ss denotes steady state values.
Using utility form defined above, calculating the corresponding derivatives, substituting
them to the last equation, equating AV to zero and expressing Ay from the resulting equation

yields the following formulas for the welfare adjustments:

Ay, = Anw a Bly™ = fl{z* #0}) , for the model with credit constraints
¢ —n(l —a) B(1 —w)D
(30)
ss _ f14 s 0
Ay, = Anw (1 +0 —m) Y Sz 7 0} . for the unconstrained model
¢** —n(l —a) A
(31)

where A,B and D are constants defined in the appendix.

4 Results of the endogenous price models driven by

supply-side shocks: Interpretation and comparison

In this section the welfare adjustments in the models with endogenous housing prices driven
by supply-side shocks are signed and compared.
The result in an economy with an endogenous housing price but without credit constraints

is given by (32 ), where A = (1 — w)i** + wr + 0 — 7 and a < 1.The details of calibrating

parameters m,4°° and ¢ as well as the parameter values and the sources of calibration are
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given in data appendix. Using the assumed values and setting w = 0.56 ( justification
for this is given later in the section) gives A = 0.0338, which implies that 5-th term in
the product in (32) is positive. Also the 4-th term is positive. The 3-rd term is positive
since it reflects the effect of change in regulation costs on the housing prices, which must
be strictly positive. Change in n is positive by assumption. Consequently the individual
welfare adjustment in this model is positive. Thus, in an economy with endogenous housing
prices where households are not credit-constrained, the housing price appreciation driven by
negative supply side shock leads to a welfare loss.°

In a model with both credit constraints and endogenous housing prices, the welfare

adjustment is given by:

_ a By — f1{z* # 0})
Ayt_AanSS—n(l—a) ( 50 —w)D ), (32)
where B=1—3(1—-06) —m(1 — 8@ +1—m)) andDzlaj—BwB—mﬂ—l—i“m—l—&

Looking at (39) (in the appendix) which defines the steady state housing stock in the
credit-constrained economy it is easy to see that D > 0 is necessary for having positive
steady state housing stock. Also, (38) (in the appendix) tells that positive consumption
in the steady state requires B > 0 if w < 1(since it is an exponent of housing in Cobb-
Douglas utility function). Consequently, in this economy the welfare adjustment is positive.
Thus, when endogenous housing price appreciation is driven by negative supply shocks and
preferences are of Cobb-Douglas form, agents experience a welfare loss both with and without

credit constraints.

6 According to my definition positive Ay means welfare loss since people need more income to keep them

indifferent between old and new prices.
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One can compare the last two formulas for welfare adjustments to establish whether credit
constraints alleviate or exacerbate the welfare loss from a negative supply shock. For sim-
plicity let’s abstract from fixed transaction costs; that is let’s assume that f1{z* # 0} = 0.

Also, to make a fair comparison let’s ignore the possible difference between income of credit-

constrained and unconstrained households and assume the same income for both economies.”

Examining (32) and (33), it is evident that for comparing those two results one should com-

1% 4+ 0 — B
pare the terms ot m and . For the credit-constrained economy ¢** = 0,057
A Bl —w)D

, the level of the average effective interest rate on mortgages in US in 2004 (obtained from
Monthly Interest Rate Survey of Federal Housing Finance Board). Also, it is important
to recall that here an economy with binding credit constraints is considered. In this case
the Lagrange multiplier of the credit constraint is positive, that is v** > 0. This fact cre-
ates differences in discount rates between credit-constrained and unconstrained households.
Mathematically, the discount rate for the economy with binding credit constraints is given

by:
/USS

r_ Jc
& Pl

1—

)

while the discount rate for the economy without credit constraints is given by:

1

,_
b IR

Looking at the last two expressions and taking into account that v,, > 0 and that the

interest rate is higher in the economy with binding credit constraints, it is evident that the

"In case of accounting for potential differences in the incomes of credit constrained and unconstrained
households, as I did in earlier drafts of the paper, the results of comparison are practically the same as in

this draft.
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discount factor in this economy should be lower than the discount factor in the unconstrained
economy. Thus, for the economy with binding credit constraints I set 8 = 0.96,which is lower
than the conventional 0.98-0.99. Finally m = 0,8 based on Tsakaronis and Zhu (2004) .
Using all these values sensitivity analysis is performed by computing both terms mentioned
above for values of preference parameter w ranging from 0.1 to 0.9 where w is the exponent
of housing in Cobb-Douglas utility function. The results are presented in Table 1.

The table demonstrates that the welfare adjustment caused by a housing price apprecia-
tion due to an increase in regulation costs is lower in a credit-constrained economy than in an
unconstrained economy for all w < 0.5 but is higher in the credit-constrained economy than
in the unconstrained economy for all w > 0.6. Thus, the relationship between the welfare
changes in credit-constrained and unconstrained models depends on the relative weight of
housing in the agent’s utility function. Since credit-constrained households intuitively have
a lower housing stock than unconstrained ones, the marginal utility of housing for them is
higher. Consequently, when housing consumption has a relatively high weight in the util-
ity function, credit-constrained households loose more from a decrease in their steady state
housing stock which has higher marginal utility for them, than unconstrained households.

It is possible to calculate w using shares of housing and non-durable consumption in
average annual expenditures in the US economy. According to the Consumer Expenditures
Survey published by Bureau of Labor Statistics the share of housing in the expenditures
in 2004 was equal to 32.1% and the share of non-durable consumption (aggregated from
separate components given in the Consumption Expenditure Survey) was equal to 49%. On
the other hand in my model the dollar value of one period expenditures on composite good

(non-durable consumption) is given by ¢** (since the price of consumption is normalized at
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1) and the dollar value of one period expenditures on housing is given by d¢**h*® ( since
during one period households consume value of the depreciated housing stock). Looking at

the steady state allocations in the appendix it is easy to see that in both credit-constrained

SS

6qsshss

and unconstrained versions of the economy the ratio is a function of w only and the

other already calibrated parameters. On the other hand mathematically it is true that:

SS

c
¢ Fzpenditures  0.49
8qshss 0q*h** ©0.321°
FExpenditures

Thus, w can be calculated from this equation. For defining the plausible range of values
for w at first all the households in the actual economy are treated as unconstrained and w
is calculated from the above equation using steady state allocations of the unconstrained
model . Then all the households are treated as credit-constrained and w is calculated using
allocations from the credit-constrained model.

The unconstrained model gives:

c® (1—-w)(@®®+0—m)  0.49

_ _ from which w — 0.56.
5qh w0 0.321 FOM WRICh &

The constrained model gives

¢ B(l-w) 049

_ f hich w = 0.64.
5qh w0 0.321 omwmenw

Since there are both types of households in the actual economy, the true value of w should

be between 0.56 and 0.64. In case of w = 0.56 the adjustment in constrained model is only

(A Sy

marginally higher than that in the unconstrained economy since 1

B
BI—w)D

= 1,33380 and

= 1.37297 , while in case of w = 0.64 , credit-constrained households clearly loose
140 -7

B
more from negative supply shock since — 1 = 1.672835 and m = 2.00179.
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5 Model with endogenous housing price : Demand-side

shocks

5.1 Shifts in income as the reason of housing price appreciation

In general, changes in income constitute the most natural demand-side shock in any mar-
ket including the housing market. Consequently, when searching for demand-side shocks
affecting housing prices I first look at the dynamics of income in the US during the years of
housing price appreciation. Annual figures for median household income in the US, obtained
from the Current Population Survey of US Census Bureau are presented in Figure 3 together
with constant-quality housing price index displayed previously in Figure 1.

The graph clearly shows that years of substantial housing price appreciation were charac-
terized by a considerable upward shift in the median household income which, after staying
nearly constant in the first half of the 90’s, began to grow rapidly in the second half. Calcu-
lating the growth rate of income from US Census Bureau data indicates that in 1988-1994
median household income increased by only 17.7% while in 1995-2001 it grew by 24.5%. Em-
pirical evidence would thus suggest that changes in income were an important demand-side

driver of housing price appreciation in the last decade.

Let’s denote by Ay, the new change in income that is the welfare adjustment and by
Ayyq the initial change in income that is the shock. The welfare adjustment is derived from

the following equation:

AV =

av(hss7 bss’ yss) acss aV(h?SbSS, ySS) (ahss ahss 8qss

ov
O A new -

dy
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Equating AV to 0, using the steady state derived in the appendix, and expressing Ay,ew

from the resulting equation yields the following formulas for the welfare adjustments:

B(1 - B [/1 % — f1{x®®
AYnew = _EUT_DQ))Ayold_E (5 .y ngfs 70} g—g) Ayyq for credit-constrained model,
(33)
where
) J&d(e/(1=a))
2 a >0
dy 2

_ 1 _
qSSLD1 a (ag®* —an)l —a  + LD(agss —an)l —a

and for unconstrained model:

l—w)(@*+6—m o5 w % — fl{z** #0} 0
Aynew:_< )(A )Ayold_(Z +6_7T) (__y f{ 7& }_q>Ayold7

A Aqgss dy
(34)
where
8(] Jéwd(a/(l_a))
8_y = ; a a > 0.

1 _
a (ags —an)l = + AL(ag*s — an)1 —
a

The equation reflecting the response of housing price to changes in income was obtained
as in previous cases by applying an implicit function theorem to the housing market clearing
condition derived in the appendix. The second terms in the welfare adjustments given above
are the final changes in housing stock due to interaction of income and substitution effects.

At this moment the sign of the last two results is ambiguous since the second term in
both expressions is not necessarily negative. Intuitively it should be negative since in the

case of housing the income effect usually dominates the substitution effect. These results are

quantified in Section 6.
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5.2 Changes in the interest rates as the reason of housing price
appreciation

A decrease in mortgage interest rates and nominal interest rates on bonds generates an
increase in the housing demand for both credit-constrained and unconstrained households.
For the credit-constrained households who are net borrowers, a decrease in the mortgage rate
implies lower current payments for their mortgages. This increases their disposable income,
which in turn means that they can increase housing consumption and/or consumption of the
composite good. For the unconstrained households housing and bonds can be viewed as the
alternative investment opportunities or assets. Consequently, a decline in the interest rates
on bonds makes housing a more attractive investment relative to bonds and the investment
is shifted towards housing, thus further raising housing demand.

At this point, one should ask what happened to the nominal interest rates on bonds and
mortgage interest rates in the real economy in 1990’s. The evolution of the average effective
interest rates on mortgages and long term government bond yields in the US from 1986 to
2003 is summarized in Figure 4. The figure clearly demonstrate a downward trend in the
interest rates in 1995-2003. It thus appears quite important to study the welfare implications
of housing price appreciation driven by a decrease in interest rates.

The welfare adjustment,defined as in the previous section, is derived from the following

equation:

IV (h*,b°% y**) Oc Ai +

AV = de i oh

OV (h*b,y*) (Oh™  Oh™ g™ oV
, A+ Lay—o.
(81’ i 82’) gy ty =Y
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In the model with credit constraints welfare adjustment is given by:

__ (,,58 ss 1—w 2 Bm Bm (qss _ n>(1 - Oé) )
Ay = (= f1{z™ #0}) (W(l = m) 5D T BuD (D(qss —n(l - a)))) A

(35)

In the unconstrained model it is given by:

wl—w)d (1 +6—mw(l—w)

Ay = (y* — fH{z™ £ 0}) w(i® +A52 — ) ((1 _ w)(qé:_ n)(1 — Oz)) Ai. (36)
A g —n(l - a))

6 US economy in 1995-2004: Actual aggregate welfare

adjustment

In the previous sections, welfare adjustments in the model economy were derived for different
supply and demand side shocks. In this section the aggregate welfare adjustment resulting
from housing price appreciation driven by the combination of shocks observed in US housing
market from 1995 to 2004 is computed.

According to the US Census Bureau in 2004 1,532,000 single-family housing units with
an average area of 2,349 square feet per unit and 310,000 units in buildings with two units
or more with an average area of 1,173 square feet per unit were built. Thus, in total
3,962,298,000 square feet of housing were built in the US in 2004. Dividing the total number
of square feet produced by the total number of housing units produced yields that the area of
an average housing unit was 2,151 square feet. Building permit cost is calculated according
to the Craftman’s National Construction Estimator taking into account square footage of
the housing unit and US average construction cost per square foot and as a result is set to
n = 3016. Using the report of the National Association of Realtors on the land use, which
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says that in 2000 (the most recent available estimate) 658,000 acres of land were used for
residential construction I set L = 658,000. Finally, with this information it is possible
to calculate the amount of output per unit of land in the real economy, which is equal to
5,428.41 square feet or 2.79 housing units.

With this information in hand the constant marginal cost d can be calculated. Using

(29), which defines the output per unit of land, and solving it for d yields:
J ((aqss — an)(a/(l—a)))((l_a)/a)

Tsy

)

According to the Monthly Interest Rate Survey of Federal Housing Finance Board average
purchase price of housing in the US in 2004 was 262,000 dollars. Also based on the National
Association of Realtors’ data on capital income and land income shares in the housing
construction industry I set o = 0.4. Finally, according to the calculation above, z,; = 2.79.
Substituting all parameters into the last equation gives d = 20586.

At this point it is necessary to specify the structure of the population or, in other words,
number of credit-constrained and unconstrained households. One can evaluate the degree of
being credit-constrained by the current wealth or the accumulated wealth of the household.
Even better indicator from this point of view can be the net worth of the household, that is,
the value of the household’s assets net of liabilities. The 2004 Survey of Consumer Finance by
the Federal Reserve System reports the average net worth of American households according
to the age of the household head (Table 2). Based on this data it is straightforward that
households headed by individuals of the lowest two age groups are the most likely to be
constrained. However, households headed by individuals of the age 35-44 have considerably

higher net worth than do younger households. Moreover, according to the US Census Bureau,
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households headed by individuals aged 35-44 have the second highest median income in the
US economy. Consequently, in my research two different parametrizations are considered.
Under the first one households headed by individuals of the aged 35-44 are assumed to be
credit-constrained; under the second one they are considered unconstrained. Using Current
Population Report of US Department of Commerce, I set .J. = 44784339 and J,,. = 62888650
for the first case and J. = 21737795 and J,. = 85935104 for the second case, where J. and
Jue 18 the number of credit-constrained and unconstrained households respectively.

Now let’s calculate an implied cumulative welfare adjustment for the actual US economy.
According to constant-quality housing price index of the US Census Bureau, housing prices
increased by 43.7% between 1995 and 2004. Also, median household income in the US in-
creased by 30.1% between 1995 and 2004. Finally, the interest rate on long-term government
bonds declined from 6.58 to 4.2 % (by 36.2%) during this period while the effective interest
rate on mortgages declined from 8 to 5.7% (by 28.7%). The only unobservable is the change
in the building permit cost or the supply-side shock. The idea is to calculate the elasticity
of housing prices with respect to income and interest rates in both a constrained and an
unconstrained economy and then to compute the total response of housing prices on demand
side shocks. The supply-side shock or change in building permit costs can be computed so
as to match the residual change in prices in the US economy.

To compute the response of housing prices to changes in demand side factors the following

formulas are used:
J&dle/(1—a)) Y
Eqy,c = Q Q

_ 2 -1
qSSLD1 a (ag®* —an)l —a 4+ LD(ags —an)l —«
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J&wd(a/(lfa)) yss
Eqyuc = a O ss

) 9 qss ’
Aq*s L . a

1 _
(agss —an)l =@ + AL(ags —an)1 —a

S m(l — a)i**(¢*° —n)
"= D@ —n(l—a))
I (1 —w)(l —a)i**(¢°* —n)
e A (- a))

where ¢4, . is the elasticity of housing price with respect to income in the constrained
economy , €4y 4. i the elasticity of housing price with respect to income in the unconstrained
economy , €, is the elasticity of price with respect to interest rate in the constrained econ-
omy and €4, is the elasticity of price with respect to interest rate in the unconstrained
economy. These elasticities are computed for each of the variants of parametrization men-
tioned above and for each of the values of w calculated in Section 5. The results are displayed
in Table 3.

From the table it is evident that if assuming that households headed by individuals in the
age group 35-44 are not constrained, the model-implied elasticities with respect to income
changes are quite high in the unconstrained economy. Given the elasticities with respect to
the other shocks, under such calibration the model-implied change in housing price due to
actual changes in income and interest rates overshoots the actual quality-adjusted change
in housing prices. Thus, the case with J. = 44784339 and J,. = 62888650 is used in what
follows. Also, w = 0.64 is used . In this case the housing prices change in total by 38.7% due
to a change in demand-side factors. Since between 1995 and 2004 housing prices changed by
43.7%, the change in housing price due to supply shock should have been equal to 5%. Now
let’s use the elasticity of housing prices with respect to regulation cost which is given by the
following formula:
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an
¢ —n(l—a)

Eqs =

Calculating this formula yields that ¢,, = 0.085. This implies that the building permit
cost should have increased by 58.8% to match the actual change in housing price. Since the
new building permit cost is equal to 3016 dollars, the old one would have been 1899 dollars,
which implies the change of building permit cost of 1117 dollars.

Now the changes of variables in units rather than in percents are used to calculate the
dollar value of the welfare adjustment resulting from housing price appreciation driven by all
factors jointly. Thus An = 1117, Ay,q = 10258, Ai. = —2.3 and Ai,. = —2.38 . Based on
Global Property Guide I set transaction costs f1{z* # 0} to the 9.07 % of housing price.

Using all of the above information each of the welfare adjustments derived previously is
calculated for both credit-constrained as well as unconstrained versions of the model . Results
are summarized in Table 4. According to prior expectations housing price appreciation
driven by negative supply shock (building permit costs) results in welfare loss(positive Ay)
while housing price appreciation driven by positive demand shock(income and interest rates)
results in welfare improvement(negative Ay).

Given these results it is easy to calculate the cumulative aggregate welfare change in the
actual US economy in 1995-2004. To make my result more informative the final cumulative
welfare adjustment per household is expressed in terms of mean income in the US in 2004.

Under such measurement the total aggregate welfare adjustment is given by:

Jc (Ays,c + Ayy,c + Ayzc> + Juc (Ays,uc + Ayy,uc + Ayzuc)

AY; regate —
ggregat Jc + Juc Ymean Jc + Juc Ymean

= —0,318.

In this formula Ay, . is welfare adjustment in the constrained economy due to housing

price appreciation caused by supply shock , Ay .. is welfare adjustment in the unconstrained
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economy due to housing price appreciation caused by to supply shock in the unconstrained
economy, Ay, . is welfare adjustment in the constrained economy due to housing price appre-
ciation caused by income shock , Ay, . is welfare adjustment in the unconstrained economy
due to housing price appreciation caused by income shock, Ay; . is welfare adjustment in
the constrained economy due to housing price appreciation caused by interest rate shock
, Ay e is welfare adjustment in the unconstrained economy due to housing price appreci-
ation caused by interest rate shock in the unconstrained economy. Since the sign of the
adjustment is negative the result implies the improvement in aggregate welfare. Thus, the
housing price appreciation which took place in the US economy between 1995 and 2004 and
which was driven by an observed combination of demand and supply side shocks improved
the aggregate welfare per household by around 32% of mean household income in 2004 per

household.

7 Summary

This paper explores the aggregate welfare effects of housing price appreciation in a general
model with binding credit constraints and endogenous housing prices. First, the model
with exogenous housing prices but with households subject to binding credit constraints is
considered. It is demonstrated that in an economy with binding credit constraints housing
price appreciation leads to an improvement in aggregate welfare. The result is due to the fact
that credit-constrained model takes into account the welfare improving effect of the housing
price appreciation, which implies relaxation of binding credit constraints. This effect is

ignored in the previous models where households are assumed to be unconstrained.
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A model with endogenous housing price, in which housing price appreciation is driven by
supply and demand side shocks, is analyzed for both credit-constrained and unconstrained
households. The supply side shocks are driven by the increases in building permit cost.
Changes in income and interest rates are the demand side drivers. The relationship between
welfare adjustments in the two modeling alternatives depends on the relative weight housing
in the agent’s utility function. The theoretical models are calibrated to calculate the actual
welfare adjustment resulting from the combination of all considered shocks in the US housing
market in 1995-2004. It is shown that the housing price appreciation from 1995 to 2004
led to per household improvement in the aggregate welfare by an amount equivalent to

approximately 40% of mean household income in 2004.

Appendix

1. Derivation of steady state in the endogenous housing price model with credit
constraints.

The steady state in the model with binding credit constraints should satisfy the following
conditions:

hit1 = he = h*,

Cip1 = ¢ = €%,

bt+1 - bt - bss,
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b = —mg*h*s,
555 = b — (1 — m)b* = b,

% = h% — (1 — §)h® = dh*.

Using the last 3 conditions budget constraint in the steady state can be rewritten as:
55 = ysS — iSSmgtshes — fl{xss 4 O} — ¢*6h® + mmg*sh®.

Rewriting (24) and (25) in the steady state and rearranging yields:

a SS’hSS
Vg = U(C ) -

Oc
au(CSS, hss)
¢ = ﬁ‘au(ca?}f gy B¢ (1=0) +mg (1= 5@ +1—m)).
dc

Using in the last equation the utility form defined in Section 3.4 and rearranging the

au(css , hss)
dc

(i +1—m),

resulting equation yields.

1—w
55— BB h58 a5

where B=1—- (1 —-9) —m(1l —p(* +1—m).

Substituting (38) into the steady state budget constraint and rearranging the steady state

level of housing stock is obtained:

85 _ £1{ 58 0
o= LD 20 (39)
where D = Blw_—; — mi® + mm + 9.

Steady state level of consumption can be obtained by substituting (39) back to (38) :

s _ L —w)(y” — f1{z* # 0})
- B 3D . (39)

C

All the other endogenous variables can be now determined from various conditions. The
results are given by the following
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— sy =f{a" 70}
155 = 5T’

oy Sl A0}
b = —m=—p—"=,

88 __ @ —w - w w(l_’\{) ’SS
00 = (1 —w) (UL ple) 7 (el )T (1 g+ 1 - ).

¢**B(l—w

Finally ¢* can be determined endogenously from market clearing condition by equating

demand and supply:

ss ss ss (a/(1-a)) _
764 fll)gfs 70h) _ (O‘q - O‘”) L. (40)

The response of housing price to different shocks should be determined from the market

clearing condition. It is not possible to explicitly solve (41) for housing price. But (41)
represents an implicit function of ¢** in terms of model parameters only. For determining
the response of housing price to different shocks implicit function theorem is applied to (41).

Let me demonstrate it here for supply side shock. Rearranging (40) and assuming that
D is not equal to 0 yields:

dC/0=D J5(y*s — f1{z** # 0}) — (Dg*L(ag™ — an) ™) = 0.

This is an implicit function which defines how the equilibrium price depends on building
permit costs (parameter n). To determine how the equilibrium price changes in response to

an increase in building permit cost the implicit function theorem is applied to this equation,

yielding:
o d(a/(l—a))J(; $s_ 1L 2SS L0V —(Dg5S L 55 __ (e/(1=a))
@ _ ( (y fi{z®s# (]‘;)n (Dg (ag an) ) _ aqss 50 (41)
dn a(d(a/(l—a))J5(yss,fl{mss750}),(Dqssi(aqss,an)(a/(lfa)))) qss — n(l _ Oé) ’
dq

This is positive, since numerator is positive and denominator should be positive (cost of

building permit multiplied by a number strictly less than one cannot exceed housing price).
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The formulas for the responses of housing price to changes in income and interest rates are
derived in a similar way from the market clearing condition.

2. Derivation of steady state in the unconstrained model.

Applying the same procedure as above one can derive the following conditions describing

steady state:
hss = w(yss — fl{‘fss 7£ 0})

Aqss ’ (42)
where A = (1 —w)i** + wr +J — 7,
oo - A 0N = 14" £0) (13)
ss w(yss - fl{xss 7& O})
¥ =9 g : (44)

The market clearing condition is given by:

w ss_fl 37557&0 o SS __ (a/(lfa)) =
Joel Aqgs Do (aq . cm) I

The response of housing price in the unconstrained model to different shocks is derived

in a similar way as previously from this market clearing condition.

Data appendix

When quantifying the result in (18) I use the American Housing Survey of the US Census
Bureau, which reports the total number of housing units, the total number of the owner
occupied housing units and the total number of mortgage-financed owner occupied housing
units in US. Given this information one can calculate the share of owner occupied housing
stock in the total housing stock and share of mortgage-financed owner occupied housing stock
in the total owner occupied housing stock. The data from Monthly Interest Rate Survey of
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Federal Housing Finance Board, which reports the proportions of mortgages with different
LTV in the total number of mortgages, is also used in computation of (18).

When calibrating endogenous price model, the IMF International Financial Statistics
is used to set the values for inflation rate and nominal interest rate in the unconstrained
economy. The nominal interest rate is approximated by long-term (10 years) government
bond yield and is set ¢ = 0.042. Inflation is set m = 0.02. Depreciation rate ¢ is calibrated
from several studies. Earlier studies such as Margolis(1982) and Malpezi and Ozane(1987)
have estimated gross depreciation rate of 2% for the housing stock in the USA. Also, in the
end of 1980s and beginning of 1990s the Congress raised depreciation period for housing in
the US to 27.5 years, which implies a yearly depreciation rate of around 3.5%. Based on this
range of estimates I set 6 = 0.025.

In this research the constant-quality housing price index published by US Census Bureau
is used as the main housing price measure (Figure 1). The data of US Census Bureau on
median household income (Figure 3) and new residential construction is also used. The data
of Federal Housing Finance Board on average LTV as well as average effective interest rate on
mortgages (Figure 4) is employed. Finally, the dynamics of long term bond yields (Figure 4)
is taken from IMF International Financial Statistics and amount of land used in residential

construction during a year is taken from the report of National Association of Realtors.
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Figure 1: Dynamics of constant-quality housing prices in US
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Figure 2: Welfare adjustment in the economy with exogenous housing price and
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Figure 3: Joint dynamics of household’s income and housing prices in US
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Figure 4: Evolution of effective interest rate on mortgages and long-term government bond

yields in US in 1986-2004
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Table 1: Comparison of welfare adjustmetns in the credit constrained and

unconstrained models(supply-side shocks)

Unconstrained Constrained
" -7 B
A B(1 —w)D

0.1 1.046781 0.121252
0.2 1.098154 0.274385
0.3 1.154829 0.473092
0.4 1.217672 0.740199
0.5 1.287749 1.116798
0.6 1.366385 1.685037
0.7 1.455248 2.636675
0.8 1.556474 4.546914
0.9 1.672835 8.291815

Table 2: Net worth of US households by age of the head

Age of household head Mean net worth in constant 2004 dollars
Under 35 7 3500
35-44 299200
45-54 542700
55-64 843800
65-74 690900
75 and over 528100
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Table 3: Model implied elasticities of the housing price with respect

to each of the shocks under different parametrizations

Elasticities | Parametrization 1 | Parametrization 2 | Parametrization 3 | Parametrization 4
Eqy,uc 0.389 0.472 0.526 0.678
Eqy.c 0.264 0.382 0.188 0.281
Eqiuc 0.235 0.264 0.235 0.264
Eqic 0.357 0.38 0.357 0.38

where:

€qy,- the elasticity of price with respect to income in the constrained economy

Equ.uc-the elasticity of price with respect to income in the unconstrained economy

€qi,c- the elasticity of price with respect to interest rate in the constrained economy

€gi,uc-the elasticity of price with respect to interest rate in the unconstrained economy.

J.- number of credit-constrained households

Jue- number of unconstrained households

w- exponent on housing in the Cobb-Douglas utility function
Parametrization 1 - J. = 44784339, J,. = 62888650, w = 0.56
Parametrization 2 - J. = 44784339, J,. = 62888650, w = 0.64
Parametrization 3 - J. = 21737795, J,. = 85935104, w = 0.56
Parametrization 4 - J. = 44784339, J,. = 62888650, w = 0.64

Table 4: Welfare adjustments with respect to each of the shocks (in 2004 dollars)

Adjustment | c(constrained) | uc(unconstrained)
Ay, 296 237
Ay, -8936 -10770
Ay; -32735 -1746
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