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ABSTRACT

We apply the consumption-based asset pricing model (CCAPM) to the returns on
Finnish housing property and equity investments. We assume that the probability dis-
tribution is jointly log-normal and estimate the representative consumer’s first order
conditions for an optimal consumption and portfolio choice by maximum likelihood.
We allow the consumer’s preferences to exhibit smooth transition with respect to a
recession state variable. While the CCAPM does not fit the equity returns and does
not explain the ‘equity premium puzzle’ present in stock returns, it provides a satis-
factory description to the time varying returns on housing property investments.

Keywords: Housing property investment, asset pricing, CCAPM, dgochastic dis-
count factor

INTRODUCTION

Markets for housing property invetments are subject to dramatic price changes.
These changes are usudly as hard to explain as are price changes in the equity and
bond markets. Unlike equity and bond prices, red edtate price series are hard to con
gruct due to the heterogeneousness of red edtate and the lack of centrd market
places. Furthermore, the actua rent earned by housing property can not often be do-
served, because a large part of housing property is owner occupied and thus does not
pass through rentd markets. For example in Finland, about 64 percent of the housing
property is owner occupied. The owner occupant of housing property earns an im
plicit rent in the form of housng services, on which there is no market vauation.
Housng propety is, however, an dternative to eg. equities and bonds in a con
sumer’s portfolio. Thus the generd pricing relaions should goply to housing invest-
ments as well asto assats with well-defined daly market vauations.

The development of consumption-based asset pricing theory is one of the mgor ad-
vances in financiad and macro economics during the last 25 years. In the theory of f-
nance the expected excess return on any risky asset over the risk-free return is ex-
plained by the quantity of risk times the price of risk. In CAPM the excess return on
the market portfolio measures the price of risk, while the beta captures the quantity of
risk. In a standard consumption-based asset pricing model (CCAPM) of the type stud-
ied by Rubingtein (1976), Lucas (1978), Grossman and Shiller (1981) and Hansen and
Sngleton (1983), the quantity of market risk is, instead, measured by the covariance
of the excess return with consumption growth, while the Arrow-Prett coefficient of
relative risk averson of a representative consumer equals the price of risk.

Two commonly known empirical facts raise questions in macroeconomics and fi-
nance. Firdly, why is the average red stock return so high in ration to the average
short-term red interest rate? This is the “equity premium puzzle’ of Mehra and Pres-
cott (1985). Secondly, why is the voldility of red stock returns so high in reaion to
the volaility of the short-term interest rate? This is the “voldility puzzle’, attributed
to Campbdl (2001). We examine, if these wel known puzzles are present in housing
market returns by gpplying CCAPM, which is one of the basic tools in the theory of
modern macro economics and financid asset pricing. All current asset pricing modds
are derived from the consumption-based model. Thus, one cannot expect that asset
pricing models such as the CAPM hold, but consumptionbased models do not.
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Case, Quigley and Shiller (2001) have recently calculated wedth effects caused by
both equities and housing property on consumption. They found that the wedth effect
of housng property was both statigicaly sgnificant and twice as large as the effect of
the stock market. Like stock markets, also housng markets experience bull and bear
markets, but prices tend to be less voldtile than they are for shares, with more moder-
ate peaks and troughs than the stock markets. A rise in house prices is more likely to
be seen as a permanent gain in wedth by a homeowner than a rise in share prices.
Furthermore, homeowners can borrow againg housing equity. Cash extracted from
housing in this way appears to have tidled consumption directly in the U.S, as other
sources of income growth and wedth have fdlen away. The findings of Case, Quigley
and Shiller (2001) are in accordance with our results in this paper. For a rationa for-
ward looking representative consumer or investor there is a closer link between con-
sumption and housing property returns than between consumption and stock market
returns. Thus, the CCAPM s expected to give a better explanation to housing returns
than the traditiona capitd asset pricing model (CAPM).

Although the consumption-based asset pricing model should apply to al assets it has
been tested empiricaly mainly on socks. In fact the vdidity of the CCAPM has not
been formally tested on red estate' even though the CCAPM has a somewhat appeal-
ing intuition for application to red edate. Firdly, the CAPM assumes a myopic be-
haviour of investors, who optimise with regard to the outcomes of their present deci-
sons on the portfolio value a the next day only. The CCAPM ingtead, describes the
intertempora choice problem of a representative consumer, who optimises the expec-
tation of a time separdble utility function and uses financid assats to transfer one's
wesdlth between different periods and states of the world.

Secondly, while the economic intuition behind the traditiond wedth-based CAPM is
portfolio theory, the economic intuition behind the consumption CAPM is somewhat
different. The CCAPM is based on the declining margind utility of wedth as con+
sumption increases. It is an invedtor's consumption that matters most fundamentdly,
as individud utility is defined directly on consumption. The advantage of this ap-
proach is that a unit of consumption good provides a common denominator valid at al
dates Wedth is only a means to the end d consumption. The basic idea is that an &
st that, ceteris paribus, yidds a higher return when investors are worse off, i.e. when
consumption is down, anyway and less when they are better off, i.e. when consump-
tion is up, ayway will reduce the risk in their welfare. That kind of asset acts as a
kind of hedge againg the changesin the leve of consumption.

According to the consumption-based asset pricing mode risk corrections to asset
prices should be driven by the covariance of asset payoffs with consumption. The
consumption-based modd focuses on the fundamenta desre of more consumption
rather than in intermediate objectives such as mean and variance of portfolio returns.
This nature of consumption-based CAPM might give a lesst a partid explanatior’ to
the often perceived abnormadly high Sharpe-ratio of red edtate. According to Geltner
(1989) the red estate consumption betas appear to be much higher than the red edtate

! At least we have not seen any such research.

2 Animportant explanation is often of course the appraisal smoothing.



sock market betas, a least after correction for smoothing. This suggests that the ex-
pected return risk premium that would be predicted by the CCAPM would be higher
than that predicted by the traditiona CAPM.

We gpply the CCAPM to Finnish housing property and equity return data by assum
ing a jointly conditiond log-normd didribution of the varidbles The bivariate modd
is esimated by maximum likdihood. Instead of assuming constant preferences, we
dlow the subjective discount factor and the degree of risk averson to follow a smooth
trandtion process about a trandtion point of the state variable. The gpproach alows us
to consder smooth regimes or states of the world, such that consumers and investors
get more risk averse during ‘bad times and less risk averse during ‘good times. This
kind of behaviour may well explain afraction of the famous ‘ equity premium puzzl€ .

The paper proceeds by introducing first the basic consumption-based CAPM in sec-
tion Il. Section Il first condders a habit formation modd in consumption, a theoreti-
cd framework, which can a least patly explan the ‘equity premium puzzl€. Then
we suggest a smooth trangtion function to be incdluded in the basic modd, which may
capture the habit formation behaviour in consumption. Section 1V displays the data
and the results of the estimation. Findly, section V concludes the results.

CONSUMPTION-BASED ASSET PRICING MODEL

Congder a typicd consumer with a flow of income. He or she faces two kinds of
problems. Firgly, the consumer has to decide how to alocate present and future con
sumption among goods and services. Consumption decisons are dso savings deci-
gons from which the funds avalable for invesment arise. This is known as the cor+
sumption-savings problem of the consumer. Secondly, one has to decide how to invest
among various assets. The demand for an asset is determined by the consumers de-
dgre for smooth fluctuations in consumption over time. This is cdled the portfolio se-
lection problem. The two problems are interrelated, since the consumer can affect his
or her consumption path by trandfering wedth between different time periods
through portfolio sdection. Both of the problems involve making decisons under un-
certainty, conddering smultaneoudy the probabilistic notions of expected return and
risk.

The basc pricing equation comes from the firs-order condition, which is an Euler
equation, for the consumption decison. The basc modd is based on an infinite period
utility maximization problem, which can be solved by dynamic optimisaion. Con
Sder, however, the intertempora choice problem of an investor who can trade fredy
in some asset | a a price p and can obtain a payoff %.1 on the assat hdd from time t
to time t+1. The asset is any kind of security, which transfers wedlth from period t to
period t+1. To name a few, the asset can e a one-period zero-coupon bond with price

pt and payoff equa to 1, a “risk-freg’ rate with price 1 and payoff 1+ R/ or acommon
gock or housing property with price p; and payoff x.1. For example, if an investor
buys a common stock today, the payoff next period is the asset price (p+1) plus divi-

dend (dw+1). We obtain the firg-order condition, the Euler equation, for an optima
consumption and portfolio choice,



(1) ptu ’(Ct) =FE; [b u ’(CH]) xt+1]-

The left hand Sde of (1) is the loss of utility if the investor buys another unit of the
asst; the right hand sde is the expected discounted increase in utility the investor do-
tans from consuming the extra payoff a t+1. That is, the investor equates margind
cost and marginad benefit. To obtain equilibrium, the consumer buys more or less of
the asst until the firg-order condition holds. The direct utility function u is incress-
ing, reflecting a desre for more consumption, and concave, reflecting the declining
margind vaue of additiond consumption.

The subjective discount factor b captures the investor's impatience. Furthermore, the
curvature of the utility function generates averson to risk and to intertempord substi-
tution: the investor prefers a consumption stream that is steady over time and across
dates of nature. Convenient power utility form is often used for utility:

@ ule) = (- D/ (L9
Thelimtasg® 1 isu(c) = loge (¢t), which corresponds to the risk neutral case.

While the power utility has some practical advantages, it has an undesirable property
that links to important concepts. In the modd the dadticity of intertempora substitu-
tion is the reciproca of the coefficient of reative risk averson. Hal (1988) argues
that this linkage is not appropriate because the dadticity of intertempora substitution
concerns the investor's willingness to move consumption between different time peri-
ods. The concept is wel defined even if there is no uncertainty, wheress the coeffi-
cent of reative risk averson concerns the investor's willingness to move consump-
tion between different uncertain sates of the world.

Equation (1) can be expressed as (3) to obtain the formula for the asset price. The
formula traces the pricing of dl assets into a Sngle idea, where the price equas the
expected payoff. The risk sems from the macroeconomic risks and consumption risk,
underlying each asset’svaue.

(3) pi=E[bu(cir)/u'(c) xm1].
Equation (3) is the centra asset pricing formula Mogt of the theory of asset pricing

condgts of specidization and manipulations of this formula We may divide (3) by p:
to obtain

1= [bu'(c.) u'e. )50 ! p,)]
@  1=E[buc.) u N (pu+d.) p]
1= E,[bu'(c.,)/u'(c )1+ R..)],

where 1 + R, isthe gross return on the asset. For the power utility (2)
(5  1=E @b(c./c) A+R )

The parameter vector (b, @) is commonly edimated by minimum digance methods,
e.g. by applying the Generdized Method of Moments (GMM) estimation.



Often used way to bresk up the basic pricing equation (3) is to define the stochagtic
discount factor m;+;:

(6) mer; = bu(cr) /u'(c).

The stochastic discount factor is dso often caled the margina rate of subgtitution d-
ter (6): it is the rate & which the investor is willing to subditute consumption a time
t+1 for consumption & timet.

The basic pricing equation can now be expressed as.

(7) pi=E; (M1 Xe41).

If we use gross smplerate of return (1 + R;+;) we have:

®  1=E/[mu; (L+ Ris1)]
It is hdpful to write

9  E/[mus L+ Rie)) =Ei[mes] E [(X + Rig1)] + Covk [myrs,Ripr1].
Then subgtituting into (8) and rearranging gives.

(100 1+E[1+Ris+1]=@A—-CoWt [Rirs1 mui]) | Ei [me].

Equation (8) must hold for any assat, including red edtate. An asset that low high ©-
variance with the stochastic discount factor must have a high expected smple return.
Such an asset tends to have low returns when investors have high margind utility i.e.
in times when consumption is down, for example due to a dump. Thus investors de-
mand alarge risk premium to hold such an asst.

Capital asset pricing modds are genera equilibrium models of assat prices, the forma
deivation of which dways involves unredigic amplifying assumptions. CCAPM is
no exception. The CCAPM is usudly viewed as being more generd than the tradi-
tiond CAPM because it dlows a multi-period or continuous time world. But the
CCAPM dill requires such typical assumptions as complete markets or homogeneous
expectations. Furthermore, read edtate has characteristics, which are not associated
with other assets that bresk the standard assumptions of capitd asset pricing models,
such as the CCAPM. These characteridics include illiquidity, long holding period, big
unit size and high transaction costs. However, the CCAPM has a somewhat gppealing
intuition for goplication to red edtate, especially compared to a number of other asset
pricng models.

NEW MODELS

The consumption-based asset pricing modes have often proved disgppointing empiri-
cdly because the CCAPM has often indicated implausbly high leves of risk aver-
gon. The so caled ‘equity premium puzzl€ is a result of this He and Modest (1995)
suggest that one important reason for the disgppointing performance of the CCAPM is



the presence of market frictions. The most recent explanation, however, is the ‘habit
formation’ of consumptior?.

Habit formation can explan why consumers reported sense of wel-being often
seems to be more related to recent changes in consumption rather than to the absolute
levd of consumption. Equilibrium versons of price modes which take habit forme:
tion into account assume that a representative agent has a momentary utility function
that depends on both the current rate of consumption and weighted index of past corn+
sumption rates. Higher rates of consumption in the recent past imply, ceteris paribus,
lower leve of utility from a given current consumption rate. Thet is, current consump-
tion decisons have an effect on the entire path of future consumption through the
habit index.

Campbdl and Cochrane (1999) specify that people dowly develop habits for higher
and lower consumption. They specify an externd, or ‘keep up with the Joneses form
of habit formation, developed by Abe (1990). In the modd the ‘habits form the
‘trend’ in consumption. Campbell and Cochrane replace the utility function u(c;) with
u(c =%), where x; denotesthe level of habits:

A . N
(11) u = E gg bj (cH'j - xt+/' 9. 13
é/':O 1- g g

where x; is trested as an externd habit. In this mode the agent's risk averson varies
with the levd of consumption reldive to the habit. It is convenient to work with the
aurplus consumption ratio S, a state variable, defined by

(12 § =%
C

t

which gives the fraction of totd consumption that is surplus to subsstence or habit
requirements.

While theoreticdly appeding, the modd has two inconveniences for empirica appli-
cations. Firgly, the habit variable is not observed and it has to be estimated or one has
to use a proxy vaiable indead. Secondly, in the habit modd consumption must al-
ways be above habit for utility to be well-defined. We consder a model where prefer-
ences evolve through a smooth trangtion between two extreme regimes. Instead of
assuming that an economy just has two discrete states, expanson and contraction, say,
it may be more convenient and redlistic to assume a continuum of states between the
two extremes. As the second argument, we may expect that agents may not dl act
promptly and uniformly a the same moment. There may be varying ddays in agents
resctions. To gpply the idea, we specify a modd in which the subjective discount fac-
tor and risk averson depend on consumption growth or the growth of wedth relative
to some threshold value.

3 Seefor example Campbell & Cochrane (1998; 2000) and Chapman (1998).



Let us consder a composite consumption good ¢ with price q at date t. At this date
the representative consumer possesses an external income y and a portfolio of assets,
whose dlocation vector at.; has been decided a a previous date. This endowment d-
lows the agent to consume a quantity g and to update the portfolio to a new alocation

vector a. The budget condraint a timet is
(13) g+ aPi =y +a. Py

We apply the utility function given by (2) which is optimised with respect to the fu-
ture consumption and portfolio plans, and used to determine the current consumption
and portfolio dlocation such that the budget condraint (13) is satisfied. We obtain the
Euler equation asthe firgt-order condition for the maximum and get

~ 1+ 0
(14) 1Ep’1q’b9 2
gp]t 4da ec ﬂ

[@ex e C'

for j = 1, 2 where pj is the price of equity and housing, respectively.

The power utility has the practicd advantage thet we may combine various rates of
growth according to the following expression

¢ | ;
(15 1=E abexp(log?i)- logLe - glog Sty
é p./l qt Ct g

We redrict our attention to joint conditiona log-norma didribution of the growth
rates in (8.5). We infer from the moment generating function of a gaussian variable X
the rule E[exp(X)] = exp[E(X) + Y¢(X)] to obtain

i é A V!
1= bexp1|' E, élog—p"’+l - log2:2- glog C’”u
é D 4 G Q
(16) T j
1 é -
+—Vt éogpj,t 1 qt+1 gEt|Og 1+1w
28" p q,

By taking logs on both sdes, we have
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For equity and housing property returns, j=1,2. We observe that (17) is an ARCH-M
specification for the returns since the last term is -Y4imes the variance.

By denoting Dpr+1 = log(pr+1/pt ) = Re1, DGi+1 = 109(Gr+1/¢; ) ahd Dci+1 = log(Ci+1/Ct) we
alow the modd to have amore generd form

(18) Rj,,+1 =Dg.,, - logb, +gDc,,, + (' logb, +g, z+1) GG ,7i84)- = ,: )

where G is a bounded continuous trandtion function, commonly bounded between
zero and unity. It can be seen that (18) is localy linear in consumption growth and we
will assume that the combined risk averson parameter vector (o +@G) is a function
of a trandtion variable s. If G is bounded between 0 and 1, the combined parameter
fluctuates between g and gi+g. Smilarly, the combined subjective discount factor
parameter vector (b1 + b2G) fluctuates between b, and by +b,. This property makes it
possible to characterize equity and property markets with dynamic properties in ex-
panson being different from those in contraction. Granger and Terdsvirta (1993) and
Terdsvirta (1988) contain further details on these smooth trandtion regressons (STR)
models and their properties.

For the trangtion function G we choose the logisic smooth trandtion STR (LSTR)
specification, defined as

19 a(, rs)—|1+expe_(s -r)%

suchthatj > 0.

The trangtion function (19) is a monotonicaly increesng function of the switching
vaiable s. The location parameter r determines where the trangtion occurs. The dope
parameter j indicates how rapid the trangtion from zero to unity is as a function of s.
If the dope parameter is ‘large’, rescding it becomes important. We standardize the
agument of G by dividing bys , the sample standard deviation of the trangtion vari-

able. We define the trandtion variable s as

(20) s =<,

t
Cia

which defines the date as the ratio of present consumption to the consumption one
year ago in quarterly data. This resembles the modd proposed by Abd (1990), where
the utility function is a power function of the ratio ci/%, where x; is the time-varying
habit or subsistence levd.



DATA AND THE RESULTS

The house price, rentd and running cost data used to compute the housing property
returns in Finland has been received from the Finnish Statistics. Price data is based on
the information gathered from mgor red edate agencies and is provided quarterly.
However, the renta and cost figures are only reported for the second period of each
year. The rentd information is based on a survey among the landlords and running
cost data is based on the financiad datements datitics of housing corporations in
Finland. We have edimated the rentd and running cost figures for the fird, third and
fourth quarter in each year by interpolating.

Even though the red rents and costs may differ dightly from our estimates the differ-
ence is S0 amdl that it does not cause any sgnificant problems, knowing that the total
return on housing property was dominated by the price changes in the sample period,
not by renta or cost changes.

The return index for Finnish housng propety is computed using the following for-
mula

(1) Iy =le1* [P+ (MR-RC)*3] / Pt

l; = vdue of theindex & timet

P, = moving quarterly arithmetic average house price/ nf in quarter t
MR, = average monthly rent / nf in quarter t

RC; = average monthly running cost / ¥ in quarter t

Quarterly returns are computed aslog (It — It-1).

The rest of the quarterly data is taken from Bloomberg's OECD Man Economic Indi-
cators Database. The series taken are gross private consumption, the consumer price
index and the share price index. The sample period is from 1983:Q2 to 2001:Q1. The
firg two sample moments of the data are displayed in table 1.

Table 1: Statistics of nominal returns, consumption growth and change in price
level (annualised)

Series Average Standard deviation
Return on equity 21.9% 28.4%
Return on housing property 8.7% 8.5%
Consumption growth 2.4% 2.4%
CPI change 3.3% 1.3%

The average annudised consumption growth has been 2.4%, while the price levd has
increased 3.3% on the average. Thus, the average real consumption growth has been
negative during the sample period. This can be explained by an extreordinary severe
dump in the early 1990's. During the period 1990:Q1-1993:Q3 red GDP declined by
21%.
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We test for the presence of the ARCH(1) property in equity and housing market e
turns by using the test proposed by Engle (1982). The test statistics are c?(1) = 0.446
for equity and c?(1) = 0.532 for housing market returns with pvalues 0.50 and 0.47,
respectively. Thus, the returns do not exhibit autoregressve conditiond heteroscedas
ticity and therefore we may fix the variance termsin (18) into constants.

We edimate (18) as a hivariate modd by maximum likelihood firg by running a ge-
netic dgorithm and then usng the Berndt, Hal, Hal and Hausman dgorithm to fine-
tune the solution. Table 2 displays the parameter estimates of modd (18). Parameters

s? and s’ are the vaiances of equity and housing market returns, respectively. Q-
vaiance s, isnot gatigticaly different from zero.

Table 2: Parameter estimates and their p-values

Parameter Estimate p-value
—logb; 0.007 0.389
—og b -0.035 0.005

(o 1.886 0.002
[0 -2.137 0.035
j 307.216 0.000
R 1.021 0.000
s? 0.018 0.000
s? 0.001 0.000

The fird parameter is not datidticdly different from zero. Hence, the subjective dis-
count factor fluctuates between 1 and 0.965 and the coefficient of relative risk aver-
gon fluctuates between 1.886 and —0.251. The reasonable lower bound is, however
zero, while the vaue equa to one corresponds to the risk neutra case. The vaue of
the location parameter is 1.021 for the trangtion corresponding to 2.1% consumption
growth, year on year, which is somewhat sreler than the average consumption
growth, 2.4%.

Any modd of expected returns may be viewed as a mode of the stochadtic discount
factor. It is equivdent to a pricing kernel such that the expected product of any asset
return with the stochaestic discount factor equals one as given by (5). Figure 1 displays
the stochagtic discount factor, subjective discount factor and the coefficient of relative
risk averson. The stochagtic discount factor has a mean vaue 0.984 implying average
annual subjective discount rate of 6.7%. Just before the dump period in the early
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1990s the stochastic discount factor jumps to unity. Other extreme values are observ-
able in the early 1980s and after the first quarter of the year 2000. In this modd the
stochastic discount factor is aso the intetempord margind rate of subditution, which
is the discounted retio of margind utilities in two successve periods for the con
sumer.

Figure 1: Subjective discount factor, coefficient of relative risk aversion and sto-
chastic discount factor

SUBJECTIVE DISCOUNT FACTOR

RELATIVE RISK AVERSION AND CONSUMER CONFIDENCE

V\\

N
ANVALYEE J
1989 ) 1991 ) 1993 ' 1995 i 1997 ) 1999 )

STOCHASTIC DISCOUNT FACTOR

MLM/V\—/\/\/ | /\//\/M/\
T T T T T T T T T T T T T v T T T T
1983 1984 1985 1986 1987 1988 1989 1090 1901 1992 1993 1994 1905 1996 1957 1098 1099 2000 2001

The coefficient of reative risk averson is displayed in Fgure 1 together with the in
dex of consumers confidence. The former has the left-hand scale and the latter the
right-hand scae, respectively. The risk averson parameter governs both risk averson
and the dadicity of intertempora subgtitution, which measures the willingness of the
consumer to adjust planned consumption growth in response to investment opportuni-
ties. In the power utility, larger risk averson dso implies smdler dadticity of in
tertemporal subgtitution. It can be observed that the estimated consumers risk prefer-
ence varies from risk loving to risk averse behavior. Commonly, the estimated coeffi-
cient of relative risk averson is found to be about 1 or 2. Usng te linear verson of
(18) by dropping the trangtion function G, we obtain an estimate g = 1.267. Our aver-
age vdue for the coefficient is 0.421 in the nonlinear modd. In the early 1990s the
degree of risk averson begins to grow and consumer confidence decline, such that the
vaue of the codfficent of rddive risk averdon is & the maximum during the dump.
The other pesk vaues are obtained smultaneoudy with the peak vaues of the subjec-
tive discount factor. Movements in the coefficient of relative risk averson are cap-
tured quite well by the movements of the index of consumer confidence. Therr con
temporaneous correlaion is—0.58.
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The CCAPM implies that an asset’s expected return is greater, the smaller its covari-
ance with the sochegtic discount factor. The explanation is that an asset whose co-
variance with (6) is smdl tends to have low returns in the state where investor's mar-
gind utility of consumption is high. This occurs when consumption itsdf is low. The
consumer consders such an asset risky, because it fals to ddiver wedth precisgy
when wedth is more vauable. Therefore a large risk premium is required to hold the
asset. The average returns are 21.9% and 8.7% for equity and housing property i+
vestments, respectively. The covariances with the stochastic discount factor are, how-
ever, 0.042 and 0.019 for equity and housing investment returns, respectively. This is
contrary to the modd’ s prediction.

Figure 2 on the next page displays the predictions of the modd, represented by the
smoother curves, together with the observed vaues. The predictions of equity returns
are too smooth to capture the time varying equity premium. The stochastic discount
factor has a volatility of 6.3%. Hansen and Jagannathan (1991) have derived the lower
bound

S(m) , | E(R)|
E(m) s (R)

(22)

for the dtochaestic discount factor (6) consstent with the market risk premium. The
right hand side is the Sharpe ratio, and if excess return R is on the efficient frontier,
the Sharpe rdtio is the dope of the tangent line. The average long run Sharpe rdio is
in the range of 0.3-0.5. Since E(m) » 1, s(m) should be in the range of 30-50%. Our
vaue 6.3% is quite too smdll to fit the equity premium puzzle.

The modd predicts an average annuad equity return of 8.1%, while 21.9% is observed.
The latter is, however, aonormdly high due to the dominance of the Nokia stock in
the Helanki Stock Exchange. The modd’s predictions have a sandard deviaion of
4.5%, while the observed returns have a voldility of 28.4%. This is cdled the volatil-
ity puzzle ad it originates from the low volatility of consumption equa to 2.4%. The
modd hes R®> = 0.08, which is comparable to severd empirica findings on fitting
stock returns.

Visud inspection of Figure 2 reveds that the modd provides a reasonable fit to the
housng property returns. The mode implies an unconditional expected return of
11.6%, while 8.7% is observed. The modd’s fit has a standard deviation of 4.5%,
while the observed return series has a volaility of 8.5%. The modd has R? = 0.20
which is larger than for equity returns. Although the vaue is low, due to the variabil-
ity of the actud observaions, the modd captures quite well the long-term market
movements. Figure 2 displays dso the implied quarterly red risk-free rate (1+R),
which equds the inverse of the stochastic discount factor. The implied average annud
risk-free rate is 7.2% with a volatility of 6.2%.
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Figure 2: Fitted returns and implicit real risk-free rate

RETURN ON EQUITY

1087
RETURN OF HOUSING PROPERTY

v VV/W

V\V/ Vv v 14 v
v T v v r v T T T v T T T T T T T T
1083 1084 1085 1086 1987 1088 1089 1990 1091 1992 1903 1994 1905 1996 1997 1908 1999 2000 2001

IMPLICIT REAL RISK-FREE RATE

\/’W/\ '\/\/\M‘/\/\/
T T T T T T T T T T T T T T T T T T
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

CONCLUSIONS

In this paper we have applied the generd consumption based asset pricing modd to

the returns on equity and housing property investment. Insead of assuming congant

preferences, we have adlowed both the subjective discount factor and the coefficient

of reative risk averson to have smooth transtions with respect to a state or threshold
vaiable. Concerning equity returns, much of the equity premium puzzle dill remains
to be solved. The second author has been working with a utility function, which is

nonseparable in consumption and the flow of liquidity services. Liquidity can be a-

ways trandormed into ether consumption or invesments. The results are promising

in thisfield.

The CCAPM gives a better explanation to housing property returns. This may be e-

plained by the special characteridtics of housing market invesments:

(1) Both housing consumption and investments on housing property are very much

consumer related,

(2) Housng property invesments are dependent on the location, while equity invest-

ments are internationd, and there may be asymmetric and imperfect information
on the characterigtics of the housing property,

(3) Housng market is illiquid in the sense that the holding periods are long: house-

holds do not buy a new house every time as interesting opportunities arise.
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Concerning further research, it is possble to disaggregate the housing market data
into city specific markets and test the moment conditions implied by the modd in
these sub-markets. A natura extension is dso to apply the modd to more broad cate-
gories of red edtate investments, ingtead of housing property only.
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