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Abstract

The U.S. housing market is heterogeneous in that house price dynamics vary greatly across
regions, the housing supply elasticity being the main explanator. Households are exposed to
completely different housing market risk, depending on the location of the main residence.
This paper examines how geographic heterogeneity in housing market risk affects household
portfolio allocations. Using the restricted version of the Health and Retirement Study (HRS)
data with detailed geographic information, I find that households in areas with low housing
supply elasticity tend to hold less stock in their portfolios. This tendency, however, weakens
after retirement when labor income risk disappears.
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1 Introduction

The effect of housing on portfolio choice has long been examined from various perspectives
(e.g., Grossman and Laroque, 1990; Flavin and Yamashita, 2002; Cocco, 2005; Yao and
Zhang, 2005). While those studies find the effect of housing on household portfolio choice
to be significant, most of the previous studies have considered housing as a homogeneous
asset, that is, every household expects housing investment to be associated with the same
return and volatility. Depending on the housing location, however, households are exposed
to totally different housing market risk. If such regional variation in housing market risk
prevails, do household portfolio choices vary across regions?

In this paper, I show that households in areas where the housing market risk is higher
tend to respond by holding less stock in their portfolios, although this tendency weakens
after retirement when labor income risk disappears. This finding is explained by focusing on
three aspects of housing market risk: the volatility of house price growth rate, the correlation
between house price growth rate and stock return, and the correlation between house price
growth rate and labor income growth rate. While housing market risk varies significantly
across regions, I find the correlation between house price growth rate and labor income growth
rate to have, on average, a dominant effect on portfolio choice. The main contribution of this
paper is to shed light on the joint effects of local housing and labor market risks on household
portfolio choice.

Household optimal portfolio allocation varies with housing market risk due to the special
characteristics of housing investment. Housing assets play a dual role as investments and
illiquid durable consumption goods. The role of housing asset as a residence renders housing
market risk hard to avoid and not readily diversifiable because individuals, whether they rent
or own, need a place to live. Furthermore, adjusting housing investment incurs significant
cost because housing asset is indivisible and relocation involves both pecuniary and non-
pecuniary costs. The housing market risk, therefore, dictates that households allocate their

portfolio strategically so as to maintain an optimal level of overall risk to their total wealth.



The location of the primary residence, to a large extent, determines the housing market
risk to which a household is exposed. Unlike other investments such as stocks and bonds,
house prices are greatly affected by such region-specific factors as local population growth,
local income growth, and land constraints. Thus, house price dynamics and attendant housing
market risk differ substantially from region to region. Consequently, choice of the location of
the primary residence exposes a household to that area’s region-specific housing market risk.

Regional variation in housing market risk is largely explained by housing supply elasticity.
In areas where housing supply elasticity is low, house price growth rate is more volatile as the
house prices respond more sensitively to a shock in such areas when an aggregate demand
shock takes place. That is, low housing supply elasticity amplifies the effect of aggregate
shocks on house prices. The amplifying effect of housing supply elasticity, in turn, affects
how house price growth rate is correlated with stock return and labor income growth rate.
House price is more positively correlated with stock price and labor income in areas with
low housing supply elasticity since a shift in housing demand is reflected in house prices to a
greater extent in such areas.

Using Metropolitan Statistical Area (MSA) level house price and labor income data, and
nationwide stock price index, I do confirm that house price growth rate is more volatile, and
is more strongly and positively correlated with stock return and local labor income growth
rate where housing supply elasticity is low. Because of the high volatility and the positive
correlations, households in these areas are exposed to higher housing market risk.

Given that housing market risk varies significantly across regions, especially with hous-
ing supply elasticity, I empirically test how this regional variation in housing market risk
affects household portfolio choice using two identification strategies. First, I use housing
supply elasticity as a proxy for the local housing market risk. This identification strategy
offers an important advantage over the use of conventional risk measures such as volatility of
housing return as explanatory variables. Conventional risk measures only partially portray

future housing market risk as they are based on historical data, and easily tainted by tem-



porary economic shocks. Housing supply elasticity, on the other hand, is the principal cause
of fundamental mechanism by which future housing market risk is determined, and seldom
changes over time since it is determined mainly by intrinsic geographic characteristics. Hous-
ing supply elasticity thus better represents the local housing market risk in the sense that
the portfolio allocation is determined mostly by future expectation on housing market risk,
not by the past performance nor temporary changes in the housing market.

Secondly, retirement status is used as an identifier of labor income risk. Retirement
is usually characterized by the absence of participation in the labor market. Labor income
uncertainty is not of a concern to retirees who derive their income mostly from social security
benefits, pension plans, and annuities. In this sense, retirement status is a good proxy for
labor income risk. Using these two identifiers, I am able to distinguish the sole effect of
housing risk from the combined effect of housing and labor income risk.

Empirical analysis finds that households located in areas with low housing supply elas-
ticity, facing higher housing market risk, hold less stock in their portfolios. After retirement,
however, the difference in stock shares between high-risk and low-risk areas diminishes as the
labor income risk is no longer much of a concern. Empirical finding also suggests that the
effect of correlation between house price and labor income is a dominant factor in explaining
households’s portfolio choice.

Owing to the special characteristics of housing assets as durable consumption goods, house
price volatility and its correlation with stock price affect households differently depending
on their housing preference and current housing share, and hence the effect of the volatil-
ity and the correlation with stock price on portfolio choice is, on average, indeterminate.
On the other hand, house price is positively correlated with labor income, and the corre-
lation between house price and labor income always negatively affects the portfolio choice.
When labor income drops unexpectedly, households usually try to borrow in order to smooth
their consumption. Due to the positive correlation, home equity is reduced together with

labor income, making households lose one of the most important borrowing channels, and



hence the liquidity. Experiencing an unexpected labor income drop and losing home equity
concurrently, households in the low supply elasticity areas would suffer more from negative
aggregate economic shocks. Given this additional risk from liquidity constraints, it is optimal
for households in such areas to hold relatively less stock shares in liquid assets, especially
when they are employed.

Portfolio rebalancing behavior of relocating households also indicates that households
respond to housing market risk by adjusting their stock shares. The housing market risk to
which households are exposed changes significantly when they move to other MSA. Measuring
change in housing market risk by the difference in housing supply elasticities before and after
moving, [ examine whether a change in housing market risk causes a corresponding change in
household portfolio allocation. From relocating household sample, I find that households tend
to reduce their stock shares when they move to areas where housing market risk is higher.
The opposite obtains with households that move to low-risk areas. This result remains the
same even after controlling for other post-moving status changes including change in wealth,
income, and housing share.

The effect of housing assets on portfolio choice has been examined from various perspec-
tives. Grossman and Laroque (1990) examine optimal consumption and portfolio allocation
when consumption takes the form of illiquid durable goods such as housing assets. While
they reject the consumption-based capital asset pricing model (CCAPM) because of the
illiquidity of durable goods, they confirm that the standard one-factor capital asset pricing
model (CAPM) holds even in the presence of illiquid durable consumption goods. On the
other hand, Cocco (2005) uses a life cycle model in which households generate utility from
both non-durable consumption goods and housing services, to show that housing plays an
important role in determining the composition of a household’s portfolio. Yao and Zhang
(2005) also examine the effect of housing assets on portfolio choice using a life cycle model.
However, they allow households to choose to rent instead of owning a house. In their model,

households that rent tend to invest more in stocks. Flavin and Yamashita (2002) use a



mean-variance efficiency framework to show the optimal portfolio choice of homeowners with
different home equity shares in total wealth.

While the literature finds the importance of the housing asset in household investment
decisions both empirically and theoretically, these studies do not consider a variation in
housing market characteristics across regions, driven mainly by geographic constraints. This
paper explores how variation in local housing market risk affects household portfolio choice,
and whether the effect of labor income risk on portfolio choice is altered as the relationship
between labor income risk and house price dynamics varies across regions. Drawing on
empirical evidence based on household level data and supporting theoretical background,
this paper demonstrates that geographic variation in housing market risk significantly affects
household portfolio choice.

The rest of this paper is organized as follows. In section 2, I examine the geographic
heterogeneity in US housing market and the role of housing supply elasticity in explaining the
geographic heterogeneity. In section 3, I build a two-period stylized model to understand the
effect of housing market risk on portfolio allocations. Section 4 provides empirical evidence on

how variation in housing market risk affects household portfolio choice. Section 5 concludes.

2 Housing Market Heterogeneity and Heterogeneous Back-
ground Risk

In this section, I examine whether the geographic heterogeneity in housing market risk pre-
vails and housing supply elasticity plays a role in explaining the regional variations. The
housing asset is risky in the sense that house price is volatile and correlated with prices of
other assets such as stock and human capital. Since housing demand and supply are largely
affected by region-specific factors such as local labor income, local population growth and
land constraints, house price dynamics and attendant housing market risk varies greatly from

region to region. In this paper, the examination of geographic heterogeneity in housing mar-



ket risk takes into account three risk measures related to housing assets: volatility of housing
return, correlation between housing return and stock return, and correlation between housing
return and labor income growth rate. Metropolitan Statistical Area (MSA) level data show
that these three risk measures vary substantially across regions, and these regional variations

can be explained largely by local housing supply elasticity.

2.1 Regional Variation in Volatility of House Price Growth Rate

The volatility of the return on housing asset is an important factor that characterizes housing
asset as a risky investment. To examine how housing market risk varies across regions, I first
focus on the regional variation in standard deviations of house price growth rate. Using
Metropolitan Statistical Area (MSA) level House Price Index (HPI) by Federal Housing
Finance Agency (FHFA), I estimate standard deviations of house price growth rate for 228
MSAs from 1990 to 2010. Figure 1.A shows the distribution of the estimated standard
deviations. As the figure shows, there is a considerable dispersion in the standard deviations
across MSAs. To illustrate the regional variation in the standard deviation, these statistics
are put on the map of the United States in Figure 1.B. As can be seen in the figure, households
have experienced totally different house price dynamics depending on the location of their
residence.

The regional variation in house price dynamics can be explained largely by local housing
supply elasticity (Saiz, 2010). Since housing supply elasticity is determined mainly by land
scarcity and zoning regulation, which seldom change over time but vary greatly across regions,
it has been widely used as a proxy for local house price dynamics in the literature (Mian
and Sufi, 2009, 2010, 2011; Mian, Rao, and Sufi, 2013; Chetty and Szeidl, 2010). House price
volatility is also closely related to housing supply elasticity. When there is an aggregate
demand shock, house prices change in response to this shock. However, the extent to which
house price responds to the aggregate demand shock varies with housing supply elasticity.

In areas where housing supply elasticity is low, house price is more sensitive to the aggregate



demand shock. That is, the effect of aggregate shocks on house prices is amplified in areas
where housing supply elasticity is low, rendering house price more volatile in such areas
(Glaeser, Gyourko, and Saiz, 2008).

Using the estimated standard deviation of house price growth rate and housing supply
elasticity by Saiz (2010), I examine the relationship between volatility of house price growth

rate and housing supply elasticity in the following regression.

(/J'\hﬂ‘ :To+TlHSEi+E¢ (1)

where HSE; indicates housing supply elasticity in MSA i and o},; is the estimated standard
deviation of housing price growth rate. The estimated coefficient on housing supply elasticity,
71, is -0.010 with standard error 0.001. The negative coefficient on housing supply elasticity
implies that the volatility of house price growth rate decreases with housing supply elasticity
so that in areas where housing supply elasticity is low, households are more likely to experi-
ence high volatility of house price growth rate. Figure 2 confirms the negative relationship

between the volatility of house price growth rate and housing supply elasticity.

2.2 Correlation between Housing Return and Other Asset Returns

For stockholders, housing assets are risky not only because house price growth rate is volatile,
but also it is correlated with stock returns. Since stocks are traded in nationwide markets,
region-specific factors that affect local house prices usually do not influence stock prices,
especially market index such as the Standard & Poor’s 500 (S&P 500).2 On the contrary, the
stock return shocks can affect local housing demand, and the change in local housing demand
is reflected in local house price but in different magnitude depending on local housing supply

elasticity.? Therefore, it stands to reason that the correlation between stock return and local

3The stock price of a company whose operations are closely related to local economy can be affected by
region-specific shocks. If stock investors prefer to hold stocks of locally specialized company, their portfolios
are vulnerable to region-specific shocks (Coval and Moskowitz, 1999). However, in this paper, I assume that
households holds aggregate level stock index so that their portfolios are free of region-specific shocks.
4Poterba (2000) briefly summarizes evidence on the link between stock prices and real estate.



house price growth rate varies across regions.

Household portfolio choice is also affected by the correlation between house price growth
rate and labor income growth rate. The effect of labor income uncertainty on household sav-
ing and portfolio decision is examined from various perspectives in the literature (Bodie,
Merton, and Samuelson, 1992; Kimball, 1993; Guiso, Jappelli, and Terlizzese, 1996; Vi-
ceira, 2001; Gomes and Michaelides, 2003; Benzoni, Collin-Dufresne, and Goldstein, 2007;
Polkovnichenko, 2007; Lynch and Tan, 2011). While the effects of labor income risk and
housing market risk on the portfolio choice are important on their own, how these two back-
ground risks are correlated to each other also matters when we consider the effect of these
background risks on portfolio choice. Moreover, since the labor income varies considerably
across regions and directly affects local housing demand, it is worthwhile to examine the re-
gional variation in the correlation between house price growth rate and labor income growth
rate.

The following simplified relationships between the quantity () and price (P) of housing
are used to examine how local house price growth rate is correlated with stock return and

local labor income growth rate.

AIn(Qsii) = esiAI(Piy) + wiy (2)

Aln(Quii) = eaAIn(Py) +ejAIn(S,) + ey Aln(Yiy) + viy (3)

where (), and (), are the quantities of housing supplied and demanded, P is price of housing,
S is stock price, Y is labor income, €, and ¢4 are the price elasticities of housing supply and
demand, €5 and €} are the elasticities of housing demand with respective to stock price and
labor income, and i indicates MSA. In the housing supply equation (2), I assume housing
supply to be explained by house price and an unobservable factor, w;;, which affects local
housing supply, but is not correlated with local house price. Housing demand, on the other

hand, is determined by housing price as well as stock price and labor income, as shown in



the housing demand equation (3). The term v;, is a factor that affects housing demand other
than house price, stock price, and labor income. Among various elasticities, only the price
elasticity of housing supply is assumed to vary across regions as indicated by subscript ¢ in
the equations.

To represent house price growth rate as a function of stock return and labor income growth
rate, I use the equilibrium condition, AIn(Qs;:) = Aln(Qa;+), which draws the following

equation.
&5 >4
Aln(P,) = —%L—AIn(S;) + —L—AlIn(Y;,) +
€si — Ed €si — Ed €si — Ed

Vit — Uit

(4)

——** is independent of Aln(S;) and Aln(Y;,) by construction. Equation

5,1

where the term
(4) reveals the relationship between local house price growth rate (A In(F;;)) and stock return
(Aln(S;)), and local labor income growth rate (Aln(Y;,)). Notable in this equation is that
the coefficients on Aln(S;) and Aln(Y;:) vary across region ¢ due to the housing supply
elasticity (e5;) in each coefficient. More specifically, the coefficients are inversely related
to the housing supply elasticity in region i. To incorporate this relationship in the panel

regression model, I assume the following functional form of the coefficients on Aln(S;) and

Aln(Y;,):

1
6 = B+ a

)

1
gs,i

By = By +B8

where 37 and 8} are coefficients on Aln(S;) and Aln(Y;;), respectively. Based on these

assumptions, the equation (4) can be rewritten as follows.

8,0

Aln(P,) = B5AIn(S,) +ﬁf[ 1

ﬁf[

X Aln(St)} + By AIn(Yig) + ...

1

X Aln(Y;,t)} + 2y (7)

8,0
where the error term z;, is independent of AIn(S;) and Aln(Y;;). To estimate the coefficients
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B35, 87, BY, and BY, house price growth rate (Aln(P;,)) is regressed on stock return, stock
return interacted with the inverse of housing supply elasticity, labor income growth rate, and
labor income growth rate interacted with the inverse of housing supply elasticity.

I use the MSA-level quarterly house price index by the FHFA as local house price (F;),
S&P 500 Index as stock price (S), and MSA-level average wage data by the Quarterly Census
of Employment and Wages (QCEW) as local labor income (Y;). I use the panel data of 228
MSA samples from 1990Q1 to 2010Q4 (228 x 84) to estimate the coefficients 85, 57, AY, and

Y from equation (7). While the concurrent response of house price growth rate with respect
to stock return and labor income growth rate is important, the effect of lagged variables
should also be considered to reflect the sluggish response of house price to changes in stock
return and labor income growth rate in the previous periods. Table 1 reports the estimated
coefficients on current stock return and labor income growth rate as well as those on the
lagged variables. To estimate the aggregate effect of all coefficients, I report the aggregated
coefficient based on Dimson (1979) approach. In the baseline case without lagged variables,
all coefficients are positive, meaning that both stock return and labor income growth rate
positively affect local house price growth rate. The positive coefficients on interaction terms
imply that the positive effect of stock return and labor income growth rate on house price
growth rate is strengthened as housing supply elasticity decreases. Although including the
lagged variables increases the magnitude of the aggregate coefficients, the direction of the
effect remains the same. Stock return and labor income growth rate thus positively affect
house price growth rate even in the presence the effect of lagged variables.

In this section, I find the volatility of house price growth rate and its correlation with
stock return and local labor income growth rate to vary across regions, and this regional
variation to be largely explained by housing supply elasticity. In areas with low housing
supply elasticity, house price growth rate is more volatile, and more positively correlated

with stock return and local labor income growth rate than in areas with high housing supply
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elasticity.® Therefore, households in areas with low housing supply elasticity are exposed to

higher housing market risk than those in areas with high housing supply elasticity.

3 Stylized Two-period Model

In this section, I build a stylized two-period model following Campbell and Viceira (2002)
and Chetty and Szeidl (2010). This model provides basic intuition on how the volatility of
house price and the extent to which house price correlates with other uncertainties affects

household portfolio choice.

Model Set-up. In this model, households are endowed with housing assets H; and liquid
financial assets W; at period t. Households allocate liquid financial assets into risky stocks
and risk-free bonds to maximize the utility, which is a function of non-durable consumption

(Cy11) and housing consumption (H;, 1) at t + 1:

max Ey (Ctlgli}itegl)l_vl (8)
s.t.
Xiv1 = Wi+ Rpis1) + Y + P Hy 9)
Xiy1 = Cypi+ Py He (10)
R,it1 = aRs1+(1— )Ry (11)

where 6 measures the relative preference for housing consumption over non-durable consump-
tion, v is the coefficient of relative risk aversion, Y;,; is labor income at ¢ 4+ 1, which has the

log-normal distribution, 11 = log(Yi41) ~ N(y,0.), and Pyyy is the unit price of housing

5Glaeser et al. (2008) show that house price is more volatile in areas in which housing supply elasticity
is low. Harter-Dreiman (2004) studies how housing supply elasticity explains the relationship between local
house price and local labor income dynamics.
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service, which has the log-normal distribution, p;+1 = log(Pi41) ~ N(p, O’Z%).G The gross rate
of return on risk-free assets is 1 + Ry = exp(ry) and the gross rate of return on risky stock
is 1+ Ry = exp(rs), where ry;1 = log(1 + Rgsr1) ~ N(uso?). Portfolio return R,y is
determined by the risk-free rate Ry, return on risky stock R,, and portfolio allocation o.
In this model, short sales are not allowed (i.e. 0 < a < 1). Additionally, I assume that

households can move at no cost to make the solution of this problem analytically tractable.”

Log-linear Approximate Solution. To find an approximate analytical solution for this
maximization problem, I use the log-linear approximate method following Campbell (1993)
and Campbell and Viceira (1999, 2001). I first take log of equation (9) after dividing both
sides of the equation by Y;,1, and then take a first-order Taylor expansion of the right-hand-
side around 7,41 = Erpi1] = 7y Y1 = Elyena] = y and piyy = E[prya] = p. This

provides the following log-linearized budget constraint.

Top1 — Y1 = loglexp{ws + 1p 41 — Y1} +exp {he + g1 — e b + 1] (12)
Ter1 — Yepr Xk +palrpirs — 1) + pe(Yee1 — Y) + po(Pes1 — p) (13)
T R K+ parpis + (0B + 1)Yer1 + pebis (14)

where k and k" are constants, and p;c(a,p,c) are as follows.

exp{wy + 1, — y}
1+ exp{w; + 1, —y} +exp{h; +p—y}
—exp{w; + 1, —y} —exp{h +p—y}
1+ exp{w; + 1, —y} +exp{h +p—y}
exp {hy +p—y}
1 +exp{w; + 1, —y} +exp{hi+p—y}

As this model assumes no moving cost, households allocate total wealth at ¢t + 1 into non-

SHouse price at ¢ being assumed to be 1, log house price at t + 1, p,41, can be interpreted as house price
growth rate.

"Chetty and Szeidl (2010) also assume no moving cost, but in their paper, households move only with
exogenous moving shock at the probability of §. Probability 1 — 6 is interpreted as the commitment on the
current home.
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durable consumption goods and housing service according to housing preference 6.

Ct—i—l = (1—9)Xt+1

PoiHeyyr = 0Xip

Then the utility function can be represented as a function of X; 4

V(XtJrl) =

(10" (X) 18)

I—7 Pte+1

The maximization problem (8) can be rewritten as follows.
moiiXEO [V(Xt+1)]
s.t.
Xip1 =Wl + Ry 1) + Yy + Py Hy
Rp,t+1 = OéRs,tJrl + (1 - Oé)Rf
The solution for this maximization problem is derived in Appendix A. It is given by

o = Elrygq — s+ %Jg _pc + 0(1 — ) ops _ (pB +1) oys (19)
VPATY 7Pa a3 pa 03

where 0,5 is the covariance between house price and stock return and oy is the covariance

between labor income and stock return.

Comparative statistics. Based on the analytical solution for optimal stock share described
above, I examine how household portfolio choice is affected by the volatility of house price
and its correlation with stock price and labor income. Similar to the approach in Campbell
and Viceira (2002), I first consider the effect of a mean-preserving increase in the variance of

house price on the optimal stock share.
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Proposition 1. When p4 > 1/v, a mean-preserving increase in the variance of log house

price (o7) reduces stock share.

(904,5

Jo2 _
PIE[P 1 ]=P

<0 when py > 1/y

Proof. See the appendix.

To interpret this result, I rewrite p4 as follows.

exp{w; +1—y}

PA T T exp{wn+r—y} +oxp e +pn—y)
B exp {w; + 1}
~ exp{y} +exp{w, +r}+exp{h +pn}
W(l+ R)

2
Y+W(1+R)+ PyH (20)

The right hand side of equation (20) represents the ratio of the expected value of liquid
financial asset to total wealth. If we assume the risk aversion parameter, v, to be the same
across individuals, it is more likely that house price volatility negatively affects stock shares of
those who put a relatively large portion of their total wealth into financial assets. If financial
assets represent a relatively small portion of total wealth, whether the effect of house price
volatility is negative depends on other conditions, such as the relative risk aversion coefficient

and current stock share.

Proposition 2. Portfolio share decreases in the covariance between house price and stock
return (o) if and only if po > 77_19

Proof. 1t is straightforward from equation (19).

In this proposition, pc can be interpreted as the share of housing asset in total wealth, as

shown in the following approximation.

exp {h¢ +p —y}
1+exp{w:+r, —yt +exp{ht+p—y}
PH
Y +W(1+ Rp)+ PH

Q
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The condition po > 77_19 implies that the correlation between house price and stock price

has a negative effect on portfolio choice when the share of housing assets in total wealth
is relatively larger than the housing preference #. The housing preference determines the
amount of housing service that households consume in the second period. Households en-
dowed with a relatively small amount of housing assets in the first period need to purchase
more housing services in the second period, depending on their housing preferences. In this
case, households are born to take a short position in future house price. If stock price is
positively correlated with house price, stocks provide a hedge against the short position. The
correlation between house price and stock price thus positively affects stock share.

In the previous section, the correlation between house price and labor income is shown
to vary across regions. I consider the effect of the correlation between house price and labor
income in this model by assuming the following linear relationship between labor income and

house price.

Assumption 1. p; 1 = Byr1 + ¥ Where y11 and 1041 are independent.

In this assumption, S can be interpreted as the sensitivity of house price to labor income,
which, as shown in the previous section, varies across regions.® To examine how the variation
in 8 affects portfolio allocation, I rewrite the optimal stock share («) as follows based on

assumption 1.

W Bl =il 300 e +00=1) 0 (Pp+1) 0y @1)
VA3 TPa o3 Pa oF

8From this linear relationship, the correlation between house price and labor income can be represented

) = Cov(BYt+1+¥e+1,Ye41
- OpOy

as follows. pp, = Corr(pit1, Yit1 ) = B Z—: Therefore, high S means high correlation

between house price and labor income py, (ag—g“ > 0).
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where

exp {w; + 1, — y}
1+exp{w:+r, —yt +exp{ht+p—y}
;o —exp{wt+r,—yb+(B—1exp{h+p—y}
1+ exp{w; + 1, —y} +exp{h +p—y}
—(1/8) exp{w, + 71, —y} + (1 —1/B8) exp{h; +p —y}
1 +exp{w; + 71, —y} +exp{h; +p—y}

The equation for optimal share now contains [ terms. From this modified equation, we can
understand the effect of the correlation between labor income and house price on portfolio

choice.

Proposition 3. Portfolio share decreases with the sensitivity of house price to labor income

(8)-

Proof.
o _ L, expihtp},  exp{h+p}
o B exp{w; +7,}  exp{w;+1,}

<0

Proposition 3 implies that the stock share in financial assets decreases as the correlation
between house price and labor income increases. When house price is positively correlated
with labor income, background risk becomes higher and households need to reduce the risk
in financial wealth to maintain overall risk to their total wealth.

In sum, the correlation between house price and labor income always negatively affects
household portfolio choice, whereas the effects of the volatility of house price and the corre-
lation between house price and stock price vary with other conditions, especially the share
of housing asset in total wealth. This is mainly due to the special characteristic of housing
asset as durable consumption goods. Households drive utility directly from housing assets.
Therefore, owning a house is not necessarily associated with higher risk exposure even in
the presence of volatility of house price as it protects households from uncertainty in future
housing consumption (Sinai and Souleles, 2005; Paciorek and Sinai, 2012). For households

that plan to upsize their homes, stock investments compensate for the funds required for
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new home purchase when stock price is positively correlated with house price. The role of
housing market risk in household portfolio choice can thus vary significantly depending on

housing preference and current housing share in total wealth.

4 Empirical Analysis

This section provides empirical evidence on how households respond to region-specific housing
market risk. I use two identification strategies to distinguish the sole effect of housing risk
from the combined effect of housing and labor income risk. First, housing supply elasticity
is used to identify the region-specific housing market risk. Second, I use retirement status as
an indicator of labor income risk to examine the combined effect of housing and labor income

risks on portfolio choice.

4.1 Data

The main data set used in this paper is the Health and Retirement Study (HRS) data with
geographical information. The HRS is a longitudinal panel data set that surveys more than
26,000 individuals over the age of 50 biennially since 1992. I use the restricted version of
the HRS data to obtain geographic information. Geographic information includes location
of main residence, birth place, and distance of relocation when households move. One char-
acteristic that distinguishes the HRS from other survey data is the abundance of the elderly
in the sample. For example, whereas the HRS survey targeted heads of household age 50
and older, the Panel Study of Income Dynamics (PSID), another longitudinal survey, tracks
individuals in all age groups every year or every other year. My focus on elderly households
reflects the greater importance of local housing market risk to that group. According to the
US Census, the moving rate decreases with age and stabilizes after late 40s. Additionally,
homeownership rates for elderly households are relatively high. Taking these two stylized

facts into consideration, local housing market risk exerts a greater influence on older home-
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owners who have invested a large portion of their wealth in housing assets and are less likely
to move. Another important benefit of the HRS data is that it includes a relatively large
number of retired households. Using retired households, that no longer have labor income
risk, as a control group, I am able to examine how the effect of housing market risk on

portfolio choice varies with the presence of labor income risk.

Sample Selection

For the main analysis, I use the HRS data from the 1998 through 2010 waves. In 1998, a
significant change in sample composition took place in the HRS. First, the “original” HRS
data was merged with the Asset and Health Dynamics Among the Oldest-Old (AHEAD)
data.” Second, two new cohorts, namely the Children of the Depression (1924-1930) cohort
and the War Babies (1942-1947) cohort, were newly added. Because of these modifications,
the sample size of the HRS changed significantly in 1998. Since this paper often uses a change
in household wealth or income level by comparing samples between two consecutive surveys,
I focus on the survey periods over which sample size remains relatively stable.

Although the HRS has surveyed more than 26,000 individuals, not all of them are relevant
to this study. For example, the main focus of this paper being household portfolio alloca-
tion in the liquid financial wealth, households with little liquid assets are irrelevant to this
study. Including irrelevant households in the sample impedes examination of the real effect
of household portfolio allocation. To avoid bias induced by irrelevant sample households and
ensure comparability with results reported in the literature, I restrict the sample based on the
following criteria: 1) Married or single household with the head aged between 50 and 80;10-!1
2) Households whose financial liquid asset is greater than $10,000; 3) Households that own

their main residence;'? 4) Households whose main residence is located in the Metropolitan

9The “original” HRS has collected data in 1992, 1994, and 1996, while the AHEAD has collected in 1993
and 1995.

10 Although I include both married and single households, I exclude the household in which the marital
status of head has been changed. The reason I exclude this sample is that the marital status change by itself
causes a significant change in household portfolio, misleading the effect of other factors on portfolio choice.

The HRS does not provide the definition of household head. I define household head as a member of
household whose earning is the highest among members throughout survey periods.

12Gince this paper studies the effect of housing assets on portfolio choice, I only focus on the homeowners.
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Statistical Areas (MSAs) for which measures of housing supply elasticity by Saiz (2010) are
available. Table 13 in the Appendix shows the sample size after each selection criteria is

applied.

Geographical Distribution

To study geographic heterogeneity in housing market characteristics effectively, sample needs
to be widely distributed across regions. Although the HRS was not designed to represent all
areas of the United States, the sample is relatively well distributed, having been collected
from more than 300 MSAs. In the main analysis, I match the HRS data with housing supply
elasticity information by Saiz (2010). Since Saiz (2010) provides housing supply elasticity
information for 269 MSAs, after matching with this information, I end up with 269 MSA
samples. The number of MSAs is further reduced after applying for the sample selection
criteria described above. The coverage of MSA after applying each sample selection criteria

is summarized in Table 13 in the appendix. The final sample represents 189 MSAs.!3

Variable Definitions

Household portfolio choice, the main focus of the present study, usually refers to the decision
regarding the portion of household liquid wealth to put into stocks, or risky investments. In
this paper, I define liquid financial wealth as the sum of cash, checking, saving or money
market accounts, stocks and mutual funds, and bonds, subtracted by other debts including
credit card debt and personal loans but excluding mortgage and home equity loan. Stock
share is calculated by dividing the total amount of stocks and mutual funds by liquid financial
wealth. Alternatively, I consider stock shares in total wealth, which counts liquid wealth as
well as the net value of business, IRA accounts, value of main residence and other real estate,
minus mortgage and home equity loan.

The relative portion of housing assets in total wealth is an important factor in examining

the effect of the housing asset on portfolio choice. Since home purchase is usually financed

In the robustness test, I consider the risky investment behavior of households that rent their residence.
13 Because the size of MSAs vary greatly, the sample size for each area also is different from each other.
However, there is no significant variation over survey years within the same MSA.
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by mortgage, both total value of house and home equity are taken into account in estimating
the relative portion of housing assets in total wealth. Housing share and home equity share

in total wealth are defined as follows.!*

Value of Housing Asset

HousingSh =
ousingohare Total Wealth+Remaining Mortgage Balance-+Home Equity Loan

Value of Housing Asset — Remaining Mortgage Balance — Home Equity Loan
Total Wealth

HomeFEquityShare =

Summary Statistics

Table 2 summarizes the financial status of the sample used in the study. As shown in Section
2, housing market risk varies considerably with housing supply elasticity. To understand the
effect of regional variation in housing market risk on household asset holdings and compo-
sition, I report summary statistics for three groups with different housing supply elasticity:
low, medium, and high housing supply elasticity groups. Average housing supply elasticity
for low, medium, and high groups is 1.029, 1.836, and 3.191, respectively. Additionally, the
effect of age on household asset holdings is illustrated by reporting summary statistics for
three age groups: age between 51 and 60, between 61 and 70, and between 71 and 80.
Considerable variations is observed in summary statistics across the housing supply elas-
ticity groups. On average, the low housing supply elasticity group is wealthier and earns
more income than the high housing supply elasticity group. Mean values of housing assets,
liquid assets, and stock assets for the low housing supply elasticity group are also higher
than those for the high housing supply elasticity group. Most notably, the mean value of the
housing asset is approximately 83 percent higher for the low housing supply elasticity group

(269,000 in 2000 dollars) than for the high housing supply elasticity group (147,000 in 2000

14In the HRS, the value of housing asset is estimated based on the question: “What is its present value?
I mean, what would it bring if it were sold today?”. Since this value is self-estimated housing value, it may
be different from the market value of the house. In analyzing the effect of housing asset on portfolio choice,
however, the self-estimated value of house is as good as any other measures.
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dollars). Households hold significant amount of stocks, on average, 71,000 in 2000 dollars for
the whole sample and 126,000 in 2000 dollars among stock market participants. Regional
variation among groups is less significant for average stock holdings than for the value of
housing assets and total wealth.

Household asset holdings also vary with age. Interestingly, the average value of the hous-
ing asset decreases with age, while average values of liquid assets and stock assets increases
with age. No significant difference in home equity level is observed across age groups, how-
ever. This pattern of decreasing house value is observed across all housing supply elasticity
groups. Since households usually downsize their homes and pay off their mortgages as the
homeowners grow older, the average value of the housing asset decreases with age, but the
home equity remains unchanged.

To better understand household asset composition, Table 3 summarizes the share of assets
in total wealth or liquid financial wealth. Households, on average, put almost 40 percent of
their total wealth into home equity. There is a significant difference in home equity shares
across regions: low housing supply elasticity group holds 43 percent of total wealth in housing,
while average home equity share of high housing supply elasticity group is 36.4 percent. The
share of liquid asset holdings of low housing supply elasticity group (25.9 percent), on the
other hand, is lower than the share of high housing supply elasticity group (31.8 percent). No
significant difference in stock shares in financial liquid assets is observed between two groups.

In sum, the summary statistics show that household asset holdings and composition vary
across regions and age groups. Between households in areas with low and high housing supply
elasticity, we observe significant differences in total wealth and income level, but not in stock
shares. Given that wealth and income levels generally affect household stock investment, the
absence of significant differences in stock shares between these two regions is noteworthy and
warrants further investigation. The following empirical analysis explores how housing market

risk might explain the findings inferred from the summary statistics.
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4.2 Identification Strategy

To identify the regional variation in housing market risk, I use the housing supply elasticity as
a proxy for local housing market risk. As shown in Section 2, in areas where housing supply
elasticity is low, households are exposed to higher housing market risk in the sense that 1)
housing return is more volatile, and 2) housing return is more positively correlated with
stock return and labor income growth rate. On the contrary, in areas where housing supply
elasticity is high, housing market risk is relatively low. Moreover, because the geographic
constraint is a main determinant of housing supply elasticity, it rarely changes over time.
Therefore, housing supply elasticity can be a good proxy for local housing market risk that
households in a specific region face.

Conventional risk measures based on historical data can be easily tainted by temporary
economic shock and may misrepresent true nature of local housing market condition. On
the other hand, local housing supply elasticity, which is mainly determined by geographic
characteristics, is the principal cause of fundamental mechanism by which future housing
market risk is determined, and therefore, better explains the intrinsic housing market risk to
which households in specific areas are exposed.

Additionally, T distinguish the joint effect of housing and labor income risks from the
sole effect of housing risk using retirement status as a proxy for labor income risk. Labor
income risk is unavoidable as long as individuals participate in labor market. However, after
retirement, individuals no longer worry about an uncertainty in labor income. Retirement
income, generally in the form of social security and pensions, being stable and unaffected
by aggregate economic conditions, the risk associated with a positive correlation between
housing and labor income risk disappears after retirement.

Using housing supply elasticity and retirement status as independent variables, I estimate
the effect of housing market risk and labor income risk jointly in the following regression

equation.
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Oy = 50 + BlHSEZ + 52R€ti7’€di’t + ﬁg(fv{SE]Z X Retired@t) + '7Xi,t + €it (25)

where o ; is the stock share of individual ¢ at time ¢, HSE; is the housing supply elasticity of
the region where individual ¢ resides, Retired,; is the retirement status of individual 7, and X
is a set of demographic characteristics that include race, education, religion, and the number
of children. T use this regression equation to test whether household stock shares vary with
housing market risk and working status, conditional on stock market participation. In the
regression, 31 can be interpreted as the combined effect of the volatility of housing return,
the correlation between housing and stock returns, and the correlation between house return
and labor income growth rate. On the other hand, §; + 3 measures the effect of housing

risk after eliminating labor income risk.

4.3 Results

4.3.1 Baseline regression

Table 4 presents the result of the baseline regression. The first column reports the result of
baseline regression without interaction terms for the full sample. The coefficient on housing
supply elasticity is positive and statistically significant, meaning that the average stock share
of households in areas with high housing supply elasticity is higher than the share in areas
with low housing supply elasticity. This result holds after controlling for other variables
such as income, wealth level, and demographic characteristics. As reported in the summary
statistics, average housing supply elasticities in low and high groups are 1.029 and 3.191,
respectively. Since the difference in housing supply elasticity between two groups is 2.162,
the coefficient on housing supply elasticity, 0.009, implies a corresponding difference in stock
share of 1.9 percent, on average. I also run the same regression for working household samples

and retired household samples separately. Column (2) and (3) are results for working group
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and retired group, respectively. The coefficients on housing supply elasticity are positive for
both cases, but higher for the working group, at 0.016, than that for retired group, at 0.005,
and statistically significant only for the former. In column (4), I interact the housing supply
elasticity with retirement status to check how the marginal effect of housing market risk
on risky share changes after retirement. The coefficient on the interaction term is negative
and statistically significant, indicating that the positive effect of housing supply elasticity on
portfolio choice becomes weaker after retirement. This result is consistent with results with
separate samples. That is, households respond to housing market risk less sensitively after
retirement.

This baseline regression model shows that households reduce stock share in presence of
high housing market risk, but the effect of housing market risk on portfolio choice is weakened
after retirement. To interpret this result, I focus on the role of labor income risk. As the
literature points out, labor income flows serve as “bond like” riskless assets and crowd riskless
assets out of portfolio, especially when labor income is less correlated to stock return. In areas
with low housing supply elasticity, however, labor income strongly correlates with housing
return, which amplifies background risks. This effect weakens the role of labor income as
a substitute for safe assets. Because labor income is correlated with neither stock return
nor housing return in areas with high housing supply elasticity, its role as a hedge against
stock market risk is unimpaired in such areas. Households in areas with high housing supply
elasticity, when they no longer have labor income, reduce stock shares as the crowding out

effect of labor income disappears.

4.3.2 Controlling for the Effect of Home Equity Share

Households in areas with low housing supply elasticity are exposed to higher housing market
risk. On the other hand, the average house price level and growth rate are also high in areas
with low housing supply elasticity (Saiz, 2010). In the long run, homeowners in these areas

have experienced higher appreciation in the value of their homes, while housing expenses
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such as mortgage debt payment and implicit cost of housing have also been high. Because
of high growth rates and high commitments, housing assets account for a greater portion in
household finance in low housing supply elasticity areas. The relative importance of housing
assets in total wealth can affect household stock investment decision, which is distinguished
from the effect of house price volatility and its correlation with other asset prices. To control
for the effect of high commitment, I include the home equity share in total wealth as a
control variable in the baseline regression.!> Table 5 presents results of the regression with
home equity share as a control variable. As can be seen in the table, the home equity share in
total wealth negatively affects stock share in liquid financial wealth. Households that allocate
relatively more wealth to their houses tend to decrease stock shares. This effect is significant
for all specifications. Even after controlling for the effect of home equity share on portfolio
choice, however, the coefficient on housing supply elasticity remains significant. This result
confirms that household responds to the magnitude of risk in the housing asset as well as the

relative share of housing asset in their total wealth.

4.3.3 Regression by Home Equity Share

The two-period stylized model in Section 3 shows that the home equity share has a significant
effect on how housing market risk affects portfolio allocation. Depending on the portion of
home equity in total wealth, the volatility of house price growth rate and its correlation with
stock return can affect stock share either negatively or positively. In this section, I examine
how the effect of housing market risk on portfolio choice varies with home equity share. I

first rank all households by home equity shares, and divide the sample into quartile groups

15Here, home equity share is the portion of home equity (house value - remanning mortgage balance - home
equity loan) in total wealth, while stock share is the portion of stock assets in total liquid assets. Although
stock share is not directly related to home equity share in this set up, there could be a concern about a
systemic relationship between home equity share and stock share. Considering this issue, I instead use home
equity to income ratio as a measure of the relative importance of the housing asset in household finance.
Even using this alternative measure as control variable, the effect of housing supply elasticity on stock share
remains significant.
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according to home equity shares.!'® To examine how the effect of housing supply elasticity
(i.e., housing market risk) on stock share varies with home equity share, I interact these

quartile groups with housing supply elasticity as in the following regression model.

a;r = Po+ F1HSE; + B2(HSE; x HomeEquityShareGroup;¢) +vXi i + €4

where HomeFEquityShareGroup is an indicator for the home equity share quartile groups
and other variables are the same as in the baseline regression.

Table 6 reports the result of this regression by working status. Column (1), (2), and
(3) report results for entire sample, working group, and retirees, respectively. For the entire
sample, the coefficient on housing supply elasticity remains statistically significant only when
it is interacted with the lowest home equity share quartile group; the magnitude of the
coefficient increases to 0.013 for this group, compared to 0.009 in the baseline case in which
the effect of home equity share is not considered. For the working group sample, housing
supply elasticity has the strongest effect on portfolio choice in the lowest home equity share
group. Furthermore, for the lowest home equity share group, the coefficient on housing
supply elasticity remains statistically significant even after retirement, while the coefficient
of housing supply elasticity is not statistically significant for retirees in the baseline regression.

Overall, for households whose home equity share is low, housing market risk exerts more
influence on portfolio choice. In the baseline regression, the effects of the volatility of house
price growth rate and its correlation with stock return are not significant because the result
only shows the average effect over home equity share. However, when the effect of home
equity share is taken into account, we observe a significant effect of those two risk factors on

portfolio choice for households with low home equity share.

16For this grouping, I consider the households with home equity share between 0 and 1. Since home equity
is the value of house subtracted by mortgage amount, the home equity share cannot exceed 1 unless total
non-housing wealth is negative. Similarly, the home equity share cannot be less than 0 unless home equity
is negative. After grouping, each home equity share quartile group has home equity share 0 to 0.25, 0.25 to
0.5, 0.5 to 0.75, and 0.75 to 1, respectively.
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Proposition 1 in Section 3 states that the volatility of house price is more likely to affect
stock shares negatively when the portion of financial assets in total wealth is relatively large.
Since low home equity share means high financial shares by construction, Proposition 1 is
consistent with the finding that the effect of housing market risk is more significant for
households with low home equity share. On the other hand, as stated in Proposition 2 in
Section 3, when current home equity share is relatively lower than future housing preference,
the positive correlation between house price and stock return can positively affect stock
share. This is because households need more housing assets in the future and, due to the
positive correlation, stocks provide a hedge against the short position in housing assets.
The regression result by home equity share group appears inconsistent with Proposition 2.
However, considering the fact that most of households in this study is likely to downsize
their homes as the head of household gets older, the positive correlation between house price
growth rate and stock return affects stock shares negatively even though the current home
equity share is small. Most homeowners in this study possess the excess amount of home
equity in the sense that they are more likely to downsize home in the future. Since this excess
amount that they sell in the future acts as risky investment, the positive correlation between
house price growth rate and stock return has a negative effect on stock share regardless of
home equity share. Therefore, the difference in the effect of housing market risk on portfolio
choice among home equity share groups is driven mainly by the effect of volatility of house

price growth rate.

4.3.4 Effect of Mortgage

Housing investment has a leverage effect since most households finance home purchases with
mortgages. Leveraged positions in housing assets amplify housing market risk because the
effects of house price volatility and its correlation with other asset prices are multiplied by
the leverage ratio (i.e. 1/(1 — LTVratio)). For example, for a household that purchases a

house with a 25 percent down payment and 75 percent mortgage, a five percent increase in
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house value provides a 20 percent return on the net investment in the housing asset. Flavin
and Yamashita (2002) show, based on simulation results using a mean-variance efficiency
framework, that a mortgage has a significant effect on household portfolio choice.

In this paper, however, the effect of mortgage is not crucial since a large portion of
households in the HRS data has already paid off their mortgages and the loan-to-value(LTV)
ratio is relatively low for households that still hold mortgages. In the sample used for the
main analysis, the portion of mortgage holder is 36.1 percent and an average LTV ratio of
mortgage holders is 35.3 percent. While the portion of mortgage holders and average LTV
ratio are relatively low compared to young households,!” the effect of mortgage is still not
negligible. On that account, I examine the influence of leverage on the effect of housing
market risk on portfolio choice.

Table 7 presents the result of baseline regression by mortgage status. Comparing the
coefficient on housing supply elasticity in Column (1) and Column (4), we can find, for
the full sample, that mortgage holders are twice as sensitive as non-mortgage holders to
housing market risk. For the working sample, mortgage holders are 50 percent more sensitive
to housing market risk than non-mortgage holder, while for the retiree group, the housing
supply elasticity does not significantly affect portfolio allocation for mortgage holders as well
as non-mortgage holders.

I further analyze the leverage effect by testing whether the effect of housing market
risk on portfolio choice varies with the LTV ratio. To this end, I interact the LTV with
housing supply elasticity and regress stock share on this interaction term. Table 8.A shows
that the interaction term has positive and statistically significant coefficient, which implies
that the effect of housing market risk increases with the LTV ratio. To interpret the effect
of this interaction term more precisely, I estimate the marginal effect of housing supply
elasticity at different LTV ratios as shown in Table 8. B. The marginal effect of housing supply

elasticity increases from 0.021 to 0.037 as the LTV ratio increases from 0.4 to 0.8. This result

17 Flavin and Yamashita (2002) estimate the household mortgage holdings using the PSID data. Average
LTV ratio of households whose head is age of between 18 and 30 is around 80 percent.
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supports the idea that households respond to the leverage effect of mortgage borrowing. In
sum, although the effect of housing market risk exists for both mortgage holders and non-
mortgage holders, greater sensitivity is exhibited by households that hold mortgages because

the leveraged position in housing investment amplifies the effect of housing market risk.

4.4 Relocation and Portfolio Adjustment

The result of the baseline regression is statistically significant and robust in various specifica-
tions. However, there could be potential selection bias issues since the location of residence
is closely related to other factors such as job and demographic distribution and income and
wealth level, all of which can affect portfolio allocation. If this is the case, portfolio choice
could be driven mainly by other characteristics of households in a specific region. To con-
sider the effect of other demographic and financial characteristics on portfolio choice, I include
various control variables in the baseline analysis. In addition, I deal with these potential se-
lection bias issues more carefully by focusing on individual level variation in housing market
risk. Housing market risk exposure may change significantly when individuals move to other
states or MSAs, and this change affects their portfolio choice. For example, household that
moves from Houston, where housing price is relatively stable, to a more volatile area like
San Francisco, might adjust its portfolio choice in response to the change in housing market
risk. Using samples of households for which the location of main residence changes between
two survey years, I examine how households change their portfolio choice when their hous-
ing market risk exposure changes. By focusing on the effect of individual level variation in
housing market risk, I control for the effect of individual-specific characteristics on portfolio
choice. Portfolio choice can be affected by other changes in individual status following relo-
cation, such as increased housing share, changes in income and wealth level, and job status

change. Therefore, I test the effect of changes in housing market risk on portfolio choice after
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controlling for these effects using the following regression equation.

Aoy = Po + B1AHSE; ; + B20ther Events; ; + €,

where Ac;, is a change in stock share of household 7 between t —1 and t, AHSE;; is a change
in housing supply elasticity of household ¢ after moving, and Other Events,; indicates change
in home equity share, total wealth, total income, and retirement status. I run this regression
for households that move to another MSA (between two survey years) that results in a
significant change in their exposure to housing market risk. Table 9 presents the result of
this regression. Each column reflects different control variables. For all specifications, the
coefficients on change in housing supply elasticity are positive and statistically significant,
which means that households increase stock shares when they move from a low to a high
supply elasticity area. These results are unaltered and remain statistically significant even
after controlling for change in home equity share, wealth, and income level. Since households
are more likely to move to other areas at retirement, I also consider the effect of retirement
on change in portfolio choice. The effect of retirement event on portfolio choice is, however,
not statistically significant. All things considered, change in housing supply elasticity is the
dominant factor that affects stock share change. Households respond actively to a change in
housing market risk, and adjust stock shares depending on the degree of housing market risk

exposure.

4.5 Robustness Check
4.5.1 Alternative Definition of Risky Share

I consider stock and housing as two most important risky investments for average households.
However, households can invest in other types of risky assets like other real estate and
business. The portion of investment in other real estate including recreation home and

rental property is non-negligible. For the sample used in the main analysis, 22.3 percent
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of households possess other real estate, and for these households, average shares of other
real estate in total wealth is 19.8 percent. Since households that bear additional risk from
other real estate investment may reduce stockholdings accordingly, stock share in financial
assets does not correctly measure the risk exposure of households that hold other real estate.
To consider the additional risk exposure brought by other real estate investment, I define
the risky share as the portion of stocks and other real estates in total non-housing wealth
and examine whether this alternatively defined risky share also responds to housing market
risk. Table 10, which reports the results of the regression using this alternative definition
of risky share as a dependent variable, shows the coefficient on housing supply elasticity to
be positive and statistically significant for the full sample and working group sample. While
the magnitude of coefficients is slightly lower than those in the baseline regression, in which
stock share in financial wealth is used as a dependent variable, the overall effect of housing
supply elasticity on risky investment behavior remains the same. This result confirms that
households respond to housing market risk by adjusting the portion of other real estate as

well as the portion of stock asset.

4.5.2 Alternative Sample Selection

Renters

Renters, although they do not hold housing assets, are exposed to housing market risk in
the sense that they take short position in future housing services. Since rent price is inter-
connected with house price, the volatility of house price renders renters’ future consumption
uncertain. However, the positive correlations between house price growth rate and stock
return, and between house price growth rate and labor income growth rate provide a hedge
against future rent expense. During housing market boom, for example, renters are expected
to spend more on rent payment, but the increased rental expenditure is partially offset by
increased labor income or stock return due to the positive correlations. Since the volatility of

house price growth rate and its correlation with stock return and labor income growth rate
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exert effects in different directions, the effect of regional variation in housing market risk on
portfolio choice is tentative. To examine renters’ portfolio choice in the presence of heteroge-
neous housing market risk, I run the baseline regression using samples that rent their main
residence. Results are presented in the first three columns in Table 11. As can be seen, the
coefficient on housing supply elasticity is not statistically different from zero, regardless of
working status. That is, renting households do not respond sensitively to regional variation
in housing market risk.'®

Self-employed Household

As Heaton and Lucas (2000) point out, proprietary business wealth plays an important role
in household portfolio choice. Income from proprietary business is riskier than wage income
since proprietary business income is more highly correlated with stock returns. Additionally,
investment in proprietary business crowds out the opportunity for investment in common
stock. Proprietary business wealth thus substitutes for common stock holdings such that
households that own their own business tend to hold less stock. To consider the substitution
effect of proprietary business investment, I focus on self-employed households that drive
income primarily from their own business. Column (4) to (6) in Table 11 show how housing
market risk affects stock shares of self-employed households. As can be seen in the table,
there is no significant relationship between local housing market risk and stock share of self-
employed households. When proprietary businesses are also considered as risky investments,
however, the risky investment behavior of self-employed households also respond to local
housing market risk as shown in Column (7) to (9) in Table 11. In other words, households
in areas where housing market risk is high tend to increase the portion of safe assets in their

non-housing wealth that includes proprietary business wealth as well as financial wealth.

18The majority of the HRS sample with financial wealth greater than 10,000 dollars own homes. The
smaller sample size could be one possible reason for statistical insignificancy. In the further studies to be
conducted with the younger sample, in which the proportions of homeowners and renters are not significantly
different, I plan to compare the risky investment behavior of homeowners and renters in the presence of
heterogeneous housing market risk.
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4.5.3 Spouse Retirement Status

The main result of this paper indicates that retirement status of household head has a sig-
nificant effect on how regional variation in housing market risk affects household portfolio
choice. The presence of labor income risk explains this result. However, for married house-
holds in which both household head and spouse earn labor income, the labor income of spouse
may constitute a non-trivial portion of household total labor income.'® In this case, the re-
tirement status of spouse can also affect household portfolio choice. To take the effect of
spouse retirement into consideration, I define household retirement as a status in which both
head and spouse are retired.?’ I test the baseline regression model substituting household
retirement for head retirement. Table 12 reports the result. As the table shows, even using
household retirement instead of head retirement, the effect of housing supply elasticity on

portfolio choice is almost the same as in the baseline regression.

5 Conclusion

Housing market risk is difficult to avoid and not readily diversifiable because the house
plays a dual role as an investment and a place of residence. Household exposure to housing
market risk varies with the location of the main residence. In the presence of heterogeneous
housing market risk, households can strategically adjust their portfolio allocations so as to
maintain an optimal level of overall risk to their total wealth. This paper examines how
heterogeneity in housing market risk affects household portfolio choice by focusing on three
aspects of housing market risk: 1) volatility of house price growth rate, 2) the correlation

between house price growth rate and stock return, and 3) the correlation between housing

19Gince this paper defines head of household as the member whose labor income is higher than any other
member throughout the survey period, labor income of head is always higher than that of spouse. Working
status of household head is thus more important to household portfolio choice. For some households, however,
the difference in labor income between household head and spouse is insignificant, in which case spouse’s
labor income may represent a considerable proportion of total household income.

20For single households and married households in which the spouse has no labor income, head retirement
status is the same as household retirement status.
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price growth rate and labor income growth rate. These three aspects of housing market risk
vary greatly across regions and this regional variation is explained largely by local housing
supply elasticity. Empirical evidence shows that households respond to these variations
in housing market risk and adjust their portfolio allocation accordingly. In areas with low
housing supply elasticity, housing market risk is higher and households tend to hold less stock
in their financial wealth. This tendency becomes weaker after retirement, emphasizing the
importance of the correlation between housing and labor income risks. Portfolio rebalancing
behavior in response to changes in housing market risk also confirms that households consider
the housing market risk differently depending on the location of their main residence.

Although the main findings in this paper are robust from various perspectives, some
limitations warrant further development. First, this paper does not distinguish the effect of
the volatility of house price growth rate on portfolio choice from the effect of the correlation of
house price growth rate and stock return, while the effect of the correlation between housing
and labor income risks is identified using retirement status as an indicator of labor income
risk. Since both the volatility of house price growth rate and its correlation with stock return
decrease with housing supply elasticity, it is difficult to identify these two risk measures
when we focus on the regional variation and use housing supply elasticity as an indicator
of the regional variation. Further studies could use the estimated volatility and correlation
coefficient to examine the effect of each factor on portfolio choice.

Secondly, this paper does not consider the effect of idiosyncratic labor income risk. This
paper uses the correlation between local house price growth rate and local labor income
growth rate as a measure of combined risk of housing and labor income. However, the
correlation between these two risks can vary significantly across individuals as well as regions.
For example, people who work in the public sector, labor income is less correlated with
aggregate economic conditions and house price dynamics, even if they live in areas where
housing supply elasticity is low. In this case, the combined effect of housing and labor

income risk does not significantly affect household portfolio choice. Using individual level
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income data in the HRS, the effect of idiosyncratic labor income risk and its relationship
with local housing market risk can be further examined.

Notwithstanding some limitations, this paper introduces a new perspective that enhances
our understanding of heterogeneity in household portfolio choice. Although households have
relatively easy access to global financial market owing to globalization and advancement in
technology, local economic conditions are still the most important consideration in household
financial decisions. Without considering the impact of local economy on household financial
decision, our understanding of household investment behavior would be much limited. This

paper offers a clue to the importance of local economic conditions in household finance.
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Figure 1: Standard Deviation of Annual House Price Growth Rate of MSAs from 1990 to

2010
A. Distribution of Standard Deviation of Annual House Price Growth Rate

S.D. of Mean HPI Growth Rate (1990-2010)
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B. Map of the United States with Standard Deviation of Annual House Price Growth Rate

S.D. of Annual Growth Rate
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Notes: This figure is based on the standard deviation of average annual growth rate of the House Price Index
(HPI) for MSAs from 1990 to 2010. The HPT is provéilc(l)ed by the Federal Housing Finance Agency (FHFA).



Figure 2: Standard Deviation of Annual House Price Growth Rate and Housing Supply

Elasticity
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Notes: This figure is based on the standard deviation of average annual growth rate of the House Price Index
(HPT) for 228 MSAs from 1990 to 2010 and housing supply elasticity by Saiz (2010). The HPI is provided

by the Federal Housing Finance Agency (FHFA).
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Table 1: Regression of house price growth rate on stock return and labor income growth rate

The table shows the coefficients of regression of house price growth rate (Aln P) on current
and lagged series of stock return (AlnS) and labor income growth rate (AlnY’). The
coefficients on stock return and labor income growth rate interacted with inverse of housing
supply elasticity are also reported (57 and BY, respectively). Newey-West standard errors
are reported in parentheses.

Lag
k= k= k=2 Aggregated Coefficients
B85 (k) 0.013 0.013

(0.006)
0.010 0.005 0.016
(0.005) (0.005)
0.014 -0.016 0.040 0.038
(0.005) (0.005) (0.005)

2 (k) 0.049 0.049
(0.011)
0.010 0.044 0.054
(0.011) (0.010)
0.009 0.019 0.048 0.075
(0.012) (0.009) (0.011)

Y (k) 0.010 0.010
(0.004)
0.016 0.016 0.032
(0.004) (0.004)
0.014 0.019 0.015 0.048
(0.005) (0.005) (0.005)

Y(k) 0.023 0.023
(0.007)
0.034 0.048 0.082
(0.007) (0.009)
0.039 0.058 0.040 0.137
(0.009) (0.011) (0.010)
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Table 4: Regression of Stock Share on Housing Supply Elasticity (Baseline)

Dependent. Var. (1) (2) (3) (4)
Stock Share All Working Retiree Interaction
Housing Supply Elasticity (HSE) 0.009*** 0.016%** 0.005 0.017%**
(0.004) (0.005) (0.005) (0.005)
Head Retired 0.029*
(0.016)
Head Retired x HSE -0.013*
(0.007)
Head Age -0.008 0.017 -0.006 -0.002
(0.009) (0.014) (0.022) (0.009)
Head Age? 0.000 -0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Household Size -0.009 -0.012* -0.003 -0.008
(0.005) (0.007) (0.009) (0.006)
Head Health Status -0.021* -0.017 -0.025* -0.023*
(0.012) (0.023) (0.015) (0.012)
Ln(Household Income) -0.0297%** -0.016** -0.0417%%* -0.028%**
(0.005) (0.008) (0.009) (0.006)
Ln(Total Wealth) 0.057#H* 0.053%** 0.067#** 0.059%**
(0.005) (0.007) (0.007) (0.005)
Demographic Char. Controlled Yes Yes Yes Yes
Year Fixed Effect Yes Yes Yes Yes
Observations 6,026 2,909 3,117 6,026
R-squared 0.037 0.034 0.046 0.040

Notes: Dependent variable for this analysis is a stock share in total financial assets. Housing supply elasticity
is measured by matching the location of main residence and the estimates provided by Saiz (2010). Head
retired is a binary indicator for retirement status of household head. Retirement status is based on self-
reported working status. Household size is the number of members in household. Head health status is
a binary indicator that has value "0" when head is relatively healthy and "1" otherwise. Demographic
characteristics controlled include race, education, and religion of the head and the number of children in
household. All standard errors are clustered at the household level.

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent
level
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Table 5: Regression of Stock Share on Housing Supply Elasticity (Home Equity Share Con-
trolled)

Dependent. Var. (1) (2) (3) (4)
Stock Share All Working Retiree Interaction
Housing Supply Elasticity (HSE) 0.006* 0.012** 0.003 0.014%**
(0.004) (0.005) (0.005) (0.005)
Head Retired 0.028*
(0.016)
Head Retired x HSE -0.013*
(0.007)
Home Equity Share -0.069*** -0.084** -0.049 -0.069***
(0.023) (0.033) (0.035) (0.024)
Head Age -0.008 0.017 -0.005 -0.001
(0.009) (0.014) (0.022) (0.009)
Head Age? 0.000 -0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Household Size -0.007 -0.011 -0.001 -0.006
(0.006) (0.007) (0.009) (0.006)
Head Health Status -0.022%* -0.020 -0.025%* -0.024*
(0.012) (0.024) (0.015) (0.012)
Ln(Household Income) -0.029%** -0.017** -0.042%+* -0.029%+*
(0.005) (0.008) (0.009) (0.006)
Ln(Total Wealth) 0.049%** 0.045%** 0.060*** 0.052%**
(0.005) (0.008) (0.009) (0.006)
Demographic Char. Controlled Yes Yes Yes Yes
Year Fixed Effect Yes Yes Yes Yes
Observations 5,998 2,893 3,105 5,998
R-squared 0.038 0.037 0.046 0.041

Notes: Dependent variable for this analysis is a stock share in total financial assets. Home equity share is the
share of home equity in total wealth. Housing supply elasticity is measured by matching the location of main
residence and the estimates provided by Saiz (2010). Head retired is a binary indicator for retirement status
of household head. Retirement status is based on self-reported working status. Household size is the number
of members in household. Head health status is a binary indicator that has value "0" when head is relatively
healthy and "1" otherwise. Demographic characteristics controlled include race, education, and religion of
the head and the number of children in household. All standard errors are clustered at the household level.
*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent

level
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Table 6: Regression of Stock Share on Housing Supply Elasticity by Home Equity Share
Group

Dep. Var. Stock Share (1) (2) (3)
All Working Retiree
Housing Supply Elasticity (HSE) -0.013 -0.011 -0.016
(0.011) (0.017) (0.017)
HSE x Home Equity Share High (0.5 to 0.75) 0.008 0.014 0.000
(0.007) (0.009) (0.011)
HSE x Home Equity Share Low (0.25 to 0.5) 0.002 0.011* -0.007
(0.005) (0.007) (0.007)
HSE x Home Equity Share Lowest (0 to 0.25) 0.013%** 0.018%** 0.011%*
(0.004) (0.006) (0.005)
Head Age -0.008 0.017 -0.005
(0.009) (0.014) (0.022)
Head Age? 0.000 -0.000 0.000
(0.000) (0.000) (0.000)
Household Size -0.008 -0.012 -0.001
(0.005) (0.007) (0.009)
Head Health Status -0.021* -0.017 -0.023
(0.012) (0.023) (0.015)
Ln(Household Income) -0.029%** -0.016** -0.041%**
(0.005) (0.008) (0.009)
Ln(Total Wealth) 0.052%** 0.049%*** 0.059%+*
(0.005) (0.007) (0.008)
Demographic Char. Controlled Yes Yes Yes
Year Fixed Effect Yes Yes Yes
Observations 6,018 2,905 3,113
R-squared 0.038 0.034 0.048

Notes: Dependent variable for this analysis is a stock share in total financial assets. Home equity share is the
share of home equity in total wealth. Housing supply elasticity is measured by matching the location of main
residence and the estimates provided by Saiz (2010). Head retired is a binary indicator for retirement status
of household head. Retirement status is based on self-reported working status. Household size is the number
of members in household. Head health status is a binary indicator that has value "0" when head is relatively
healthy and "1" otherwise. Demographic characteristics controlled include race, education, and religion of
the head and the number of children in household. All standard errors are clustered at the household level.
*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent
level
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Table 7: Regression of Stock Share on HSE by Mortgage Status

Without Mortgage

With Mortgage

All Working  Retiree All Working  Retiree
(1) 2) (3) (4) (5) (6)
Housing Supply Elasticity (HSE)  0.008* 0.014* 0.006 0.016%*  0.021%** 0.009
(0.004) (0.007) (0.005) (0.007) (0.008) (0.013)
Head Age -0.024* 0.014 -0.034 0.004 0.001 0.076*
(0.013) (0.020) (0.024) (0.016) (0.023) (0.044)
Head Age? 0.000* -0.000 0.000 -0.000 -0.000 -0.001*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Household Size -0.011 -0.015 -0.006 -0.008 -0.013 0.012
(0.007) (0.012) (0.010) (0.008) (0.009) (0.018)
Head Health Status -0.021 -0.008 -0.025 -0.021 -0.032 -0.01
(0.013) (0.031) (0.016) (0.023) (0.037) (0.034)
Ln(Household Income) -0.038%F*  -0.018  -0.054%** -0.022%F%  -0.025%*  -0.024*
(0.007) (0.011) (0.011) (0.008) (0.012) (0.014)
Ln(Total Wealth) 0.076*%**  0.070%**  (0.081*** 0.034%F%  0.041***  0.040%***
(0.006) (0.010) (0.008) (0.008) (0.010) (0.015)
Year Fixed Effect Yes Yes Yes Yes Yes Yes
Demographic Chars. Controlled Yes Yes Yes Yes Yes Yes
R-squared 0.048 0.051 0.052 0.027 0.021 0.051
No. of Obs. 3,881 1,442 2,439 2,145 1,467 678

Notes: Dependent variable for this analysis is a stock share in total financial assets. Mortgage status is based

on the self-reported remaining mortgage balance. Housing supply elasticity is measured by matching the

location of main residence and the estimates provided by Saiz (2010). Head retired is a binary indicator for

retirement status of household head. Retirement status is based on self-reported working status. Household

size is the number of members in household. Head health status is a binary indicator that has value "0" when

head is relatively healthy and "1" otherwise. Demographic characteristics controlled include race, education,

and religion of the head and the number of children in household. All standard errors are clustered at the

household level.

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent

level
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Table 8: Effect of LTV on the Relationship between HSE and Stock Share (with or without

mortgage)

A. Regression with LTV Interaction term.

All Working  Retiree All Working  Retiree
(1) (2) (3) (1) @) 3)
Housing Supply Elasticity (HSE) 0.010***  0.016*** 0.005 0.005 0.010 0.005
0.004 0.005 (0.005) (0.004) (0.006) (0.005)
Loan-to-Value Ratio (LTV) 0.050%* 0.064** 0.033 -0.017 -0.003 0.029
0.020 0.025 0.037 (0.036) (0.048) (0.068)
HSE x LTV 0.040** 0.037* 0.003
(0.017) (0.022) (0.035)
Head Age -0.006 0.017 -0.004 -0.006 0.017 -0.004
(0.009) (0.014) (0.022) (0.009) (0.014) (0.022)
Head Age? 0.000 -0.000 0.000 0.000 -0.000 0.000
(0.000) 0.000 (0.000) (0.000) (0.000) (0.000)
Ln(Household Income) -0.032%F*  _0.020%*  -0.043%** -0.032%**  .0.020**  -0.043***
(0.006) (0.008) (0.009) (0.006) (0.008) (0.009)
Ln(Total Wealth) 0.060***  0.057***  0.068*** 0.060**F*  0.057***  0.068***
(0.005) (0.007) (0.007) (0.005) (0.007) (0.007)
Year Fixed Effect Yes Yes Yes Yes Yes Yes
Demogrpahic Chars. Controlled  Yes Yes Yes Yes Yes Yes
R-squared 0.038 0.036 0.046 0.039 0.037 0.046
No. of Obs. 6,004 2,895 3,109 6,004 2,895 3,109

Notes: Dependent variable for this analysis is a stock share in total financial assets.

by dividing remaining mortgage balance by the self-reported value of main residence.

LTV is estimated

Housing supply

elasticity is measured by matching the location of main residence and the estimates provided by Saiz (2010).

Head retired is a binary indicator for retirement status of household head. Retirement status is based on

self-reported working status. Demographic characteristics controlled include race, education, health status,

and religion of the head and the number of children in household. All standard errors are clustered at the

household level.

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level

B. Marginal effect of Housing Supply Elasticity on Stock Share by LTV ratio

At LTV
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
HSE 0.005  0.009 0.013 0017 0021 0025 0029 0033 0037 0041  0.045
Std. Err.  (0.004) (0.003) (0.004) (0.005) (0.006) (0.008) (0.009) (0.011) (0.013) (0.014) (0.016)
t stat 137 268 344 354 341 326 313  3.02 294 287  2.82
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Table 9: Regression of Change in Stock Share on Change in Housing Supply Elasticity

Dep. Var. AStock Share (1) (2) (3) (4) (5) (6)
AHousing Supply Elasticity (HSE)  0.033* 0.033* 0.032%* 0.034**  0.038%*  (0.102***
(0.017) (0.017) (0.017) (0.017)  (0.017) (0.034)
AHSE x Head Retired -0.088**
(0.040)
AHome Equity Share -0.035 -0.027 -0.034 -0.028
(0.073) (0.073) (0.077)  (0.077)
ATotal Wealth -0.001 -0.001 -0.001*
(0.001) (0.001) (0.001)
AHousehold Income 0.007 0.003
(0.011) (0.012)
Head Retiring 0.042
(0.063)
Head Retired 0.049
(0.051)
Head Age 0.053**  0.053**  0.052**  0.0561**  0.047* 0.039
(0.023) (0.023) (0.024) (0.024)  (0.024) (0.024)
Head Age? -0.000**  -0.000**  -0.000**  -0.000**  -0.000* -0.000
(0.000) (0.000) (0.000) (0.000)  (0.000) (0.000)
Ln(Household Income) 0.004 0.003 0.002 -0.007 -0.002 -0.006
(0.025) (0.025) (0.025) (0.033)  (0.027) (0.031)
Ln(Total Wealth) -0.040* -0.038 -0.032 -0.034 -0.030 -0.026
(0.023) (0.024) (0.025) (0.026)  (0.025) (0.027)
Demographic Char. Controlled Yes Yes Yes Yes Yes Yes
Year Fixed Effect Yes Yes Yes Yes Yes Yes
Observations 283 283 283 283 243 256
R-squared 0.094 0.095 0.098 0.096 0.148 0.077

Notes: Dependent variable for this analysis is a change in stock share in total financial assets. Home equity

share is the share of home equity in total wealth. Housing supply elasticity is measured by matching the

location of main residence and the estimates provided by Saiz (2010). Head retired is a binary indicator for

retirement status of household head. Retirement status is based on self-reported working status. Household

size is the number of members in household. Head health status is a binary indicator that has value "0" when

head is relatively healthy and "1" otherwise. Demographic characteristics controlled include race, education,
and religion of the head and the number of children in household. All standard errors are clustered at the

MSA level.

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent

level
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Table 10: Robustness Check I (Stock and Other Real Estate Share)

Dep. Var. All Working Retiree
Share of Stock and Other Real Estate (1) (2) (3)
Housing Supply Elasticity (HSE) 0.006*** 0.015%** -0.001
(0.003) (0.004) (0.004)
Head Age -0.029%** -0.005 -0.034*
(0.008) (0.011) (0.018)
Head Age? 0.000%** 0.000 0.000%**
(0.000) (0.000) (0.000)
Household Size -0.024%** -0.022%** -0.024%%*
(0.004) (0.006) (0.007)
Head Health Status 0.002 -0.005 0.003
(0.010) (0.018) (0.012)
Ln(Household Income) -0.013%%* -0.013* 0.004
(0.005) (0.007) (0.007)
Ln(Total Wealth) 0.040%** 0.035%** 0.04 7%
(0.004) (0.006) (0.006)
Year Fixed Effect Yes Yes Yes
Demogrpahic Chars. Controlled Yes Yes Yes
R-squared 0.035 0.025 0.040
No. of Obs. 6,025 2,908 3,117

Notes: Dependent variable for this analysis is a stock share in total financial assets. Housing supply
elasticity is measured by matching the location of main residence and the estimates provided by Saiz (2010).
Head retired is a binary indicator for retirement status of household head. Retirement status is based on
self-reported working status. Household size is the number of members in household. Head health status
is a binary indicator that has value "0" when head is relatively healthy and "1" otherwise. Demographic
characteristics controlled include race, education, and religion of the head and the number of children in
household. All standard errors are clustered at the household level.

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level
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Table 12: Robustness Check III (Household Retirement Status)

All Working Retiree Interaction
(1) 2) (3) (4)
Housing Supply Elasticity (HSE) 0.009%** 0.016%** 0.003 0.017%**
(0.004) (0.005) (0.005) (0.005)
Household Retired 0.031*
(0.016)
HSE x Household Retired -0.014**
(0.007)
Head Age -0.008 0.009 -0.017 -0.001
(0.009) (0.013) (0.023) (0.009)
Head Age? 0.000 -0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Household Size -0.009 -0.010 -0.004 -0.008
(0.005) (0.007) (0.010) (0.006)
Head Health Status -0.021°%* -0.020 -0.024 -0.023*
(0.012) (0.021) (0.016) (0.012)
Ln(Household Income) -0.0297%** -0.016** -0.045%** -0.028%**
(0.005) (0.008) (0.009) (0.006)
Ln(Total Wealth) 0.057%%* 0.053%**%* 0.068%*** 0.0607***
(0.005) (0.006) (0.008) (0.005)
Year Fixed Effect Yes Yes Yes Yes
Demogrpahic Chars. Controlled Yes Yes Yes Yes
R-squared 0.037 0.036 0.045 0.040
No. of Obs. 6,026 3,315 2,711 6,026

Notes: Dependent variable for this analysis is a stock share in total financial assets. Housing supply
elasticity is measured by matching the location of main residence and the estimates provided by Saiz (2010).
Household retired is a binary indicator that has value "1" when both head and spouse are retired and "0"
otherwise. Retirement status is based on self-reported working status. Household size is the number of
members in household. Head health status is a binary indicator that has value "0" when head is relatively
healthy and "1" otherwise. Demographic characteristics controlled include race, education, health status,
and religion of the head and the number of children in household. All standard errors are clustered at the
household level.

*** Significant at the 1 percent level, ** Significant at the 5 percent level, * Significant at the 10 percent level
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Appendix

A. Solving maximization problem

The first order condition with respect to « for the maximization problem is as follows.
EV (Wen1)(Rs 1 — Ry)] =0 (26)

where

V(W) = (1= 0)6°) " w PP (27)

We can rewrite the first-order condition (24) as follows.

EV' (We1)(1 + Rogir)] = E[V(Wer)(1 + Ry)]
Elexp {log V' (Wii1) +1log(1l + Rs1)} = FElexp {log V' (Wis1) + log(1 + Ry)}]
Elexp {v'(we1) + 1501t = Elexp {v'(wes1) +rr}] (28)

Let 2441 = v/ (Wig1) + 75441 and ypyq1 = V' (wiy1) +ry. Taking a second-order Taylor expansion

around x;,1 = F [x441] and y,11 = E [y;41] provide the following equation.

exp (Blovl} (14 gVartoen] ) = exp (Elyeal} (14 gVarlyl) @9

Taking a first-order Taylor expansion around zero
1 1
Blzin] + gVarlzem] = Blyen] + Var|ye] (30)
Rewriting the equation (16) in terms of v'(wy41), 75441, and 7y

1 1
EV (wig1) + ressa] + §Var[v’(wt+1) +rse1] = ER'(we) +rp] + §Var[v’(wt+1) + 7]

1
Elrsis1 — s + EVar[r&Hl] = —Cov(v'(wis1), rsis1) (31)
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From equation (2) and (7), the equation (29) can be rewritten as follows

o7 = —Cov(€ = w1 — (1= )0pii1,7ss41)

DO | —

E [TS,HI - Tf} +
~ —Cov(—yparpir1 — Y(pB + Dipe1r — vpcPir1 — (1 = 7)0pig1, s p41)

= ypaao: + (Ypc + 0(1 = 7))ops + Y(pp + 1oy,

Therefore, optimal risky share in the presence of labor income and housing assets is

Ypac2 Ypa 02 pa 02

where

gl B

Ypc+0(1—v) _ (0(1—v) 1Y\ 060-2) exp{y} 6l—v) 1 exp {h + p}
= ) et 1) e

gl B
M = 5+exp{g—ht—ﬁ}
PA

B. Proof of the proposition 1

From the log-normality condition, mean and variance of house price P, can be represented

by

g (33)

N|=

E[Pt+1] = €p+

Form the equation (16) and the mean-preserving assumption, we can derive the linear rela-

tionship between p and az as follows.

p=K-—-0o (34)

95



where K is a constant term. Taking derivatives of stock share oy in the equation (15) with

respect to 012, provides the following expression.

dov doy |dpa dp  dpadr, doy
= + — (35)
do? dpa | dp do? = dr, do; do?

Therefore,
dat dpa dp
dOét . dpa dp do 36
do?2 1 _ dag dpadrp (36)
p dpa drp doy
Then, a sufficient condition for making % negative is
p
dry, 1 1
—L = (B —r+z0ol](1——] >0 37
= (Bl -+ 5et) (1- ) (37)
because jpl; = —piA&t < 0, dg’—; <0, ‘fl%‘ = pa(1 = pa) > 0, and CZTP;% = —1 < 0. In other
words, if v > 1/p4, the optimal stock share is decreasing in the house price volatility.
C. Sample Selection
Table 13: Sample Size and Geographical Distributions
Selection Criteria Sample Size Number of MSA covered
Single or Married without change marital status 45,478 241
Household head age between 50 and 80 35,845 232
Financial liquid wealth more than 10,000 dollars 17,223 204
Homeowners 14,857 186
Stockowners 8,317 161
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