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Abstract

The paper analyzes whether accounting for limited stock market participation improves the
performance of the consumption capital asset pricing model and thus helps resolve the equity
premium puzzle. A simple condition is given under which the equity premium predicted by
the standard CCAPM is only a fraction A of the true equity premium generated by the process
for consumption, where A is the fraction of stockholders in the population. Correspondingly,
estimating Euler equations involving stock returns without excluding nonstockholders will result
in an estimate of relative risk aversion which is too high by factor 1/\. With an average value of
A of about 20 percent in postwar US data, this suggests limited stock market participation as a
plausible explanation of the equity premium puzzle. I test this hypothesis using micro consump-
tion and asset holding data from the Consumer Expenditure Survey. The empirical results show
that accounting for differences in consumption patterns of stockholders and nonstockholders

should be considered a major part of the solution to the puzzle.



1 Introduction

Empirical tests of the consumption capital asset pricing model with constant relative risk aver-
sion have rejected the model in several ways. In a general equilibrium model Mehra and Prescott
(1985) showed that the covariance of US per capita consumption growth and stock returns is
too low to explain the observed equity premium unless risk aversion is assumed to be implau-
sibly high. Hansen and Jagannathan (1991) derived a lower bound for the standard deviation
of any valid stochastic discount factor and found that the stochastic discount factor implied
by the CCAPM only satisfies the bound if risk aversion is very large. Hansen and Singleton
(1983) found that when the loglinearized conditional Euler equation for an assumed representa-
tive agent was estimated for the nominally riskfree rate or jointly for an aggregate stock return
and a nominally riskfree rate, the overidentifying restrictions strongly rejected the model. This
indicates predictable deviations from the Euler equations. They furthermore found that esti-
mates based on unconditional Euler equations lead to large risk aversion estimates, consistent
with Mehra and Prescott’s results. Hansen and Singleton (1982), (1984) found that risk aversion
estimates from GMM estimation of nonlinear conditional Euler equations were negative in many
of the cases considered.

Mehra and Prescott’s finding is the well known equity premium puzzle. As Weil (1989)
emphasized it implies a risk free rate puzzle. If consumers with CRRA utility are very averse to
differences in consumption across states, they are also very averse to differences in consumption
across time. Since the low observed riskfree rate offers little incentive to save, the observed aver-
age growth rate of per capita consumption is inconsistent with the large estimate of risk aversion
unless the representative agent has a negative discount rate. In Hansen and Jagannathan’s test
this puzzle takes the form of the CCAPM stochastic discount factor entering the bound at a
mean implying a very large riskfree rate.

This paper proposes limited stock market participation as a unified framework for explain-
ing these rejections of the model. If the consumption growth of nonstockholders covaries less
with stock returns than that of stockholders, including the consumption of nonstockholders in
the consumption measure used to test the CCAPM will lead to an upward biased estimate of
risk aversion. Furthermore, since Euler equations involving stock returns will not hold for non-

stockholders, limited stock market participation has the potential of explaining the rejections



of the model based on tests of overidentifying restrictions. Finally, the fact that a fraction of
households hold all stock market risk could endogenously cause their consumption growth and
thus their stochastic discount factor to be more volatile than that of nonstockholders.

The first section of the paper contains a theoretical analysis of the effect of limited stock
market participation on Euler equation estimation. If nonstockholder consumption growth is
independent of stock returns, the equity premium predicted by the standard CCAPM is only a
fraction A of the true equity premium generated by the process for consumption. A is the fraction
of stockholders in the population. Correspondingly, estimating Euler equations involving the
stock return without excluding nonstockholders will result in an estimate of relative risk aversion
which is too high by factor 1/A. The derivations of these results are based on aggregation of
Fuler equations without imposing any general equilibrium structure. This is why the condition
for them to hold takes the form of a condition directly on the consumption of nonstockholders.

Mankiw and Zeldes (1991) first emphasized that nonstockholders should be excluded in tests
of the CCAPM, and estimated Euler equations for stockholders and nonstockholders separately
using data from the Panel Study of Income Dynamics. Based on unconditional Euler equations,
they found large differences between the two groups but the estimate of relative risk aversion
remained as high as 35.2 for the richest group of stockholders. However, the PSID only contains
data on food consumption. If preferences are not separable in food and non-food components
this is problematic. I therefore use data on consumption of nondurables and services from the
Consumer Expenditure Survey to test the limited stock market participation theory. Brav and
Geczy (1996) (and the updated and extended version by Brav, Constantinides and Geczy (1999)
confirm Mankiw and Zeldes’ findings for unconditional Euler equations using CEX data. They
show that risk aversion estimates are much larger for assetholders than for nonassetholders, and
that risk aversion estimates decline as they look at still wealthier layers of assetholders. They
estimate risk aversion to be 12 for the richest assetholders.! Mankiw and Zeldes (1991) and
Brav, Constantinides and Geczy (1999) do not provide standard errors for their estimates. I
use bootstrap methods to show that the standard errors of risk aversion estimates based on

unconditional Euler equations are extremely large. This suggests that adding information about

!The asset measure used by Brav, Constantinides and Geczy (1999) is assets in savings accounts plus assets
in stocks, bonds and mutual funds. They refer to households with positive holdings of either as assetholders. In
my study I focus on whether households have assets in stocks, bonds or mutual funds to (partially) be able to

separate out stockholders. This will be discussed in detail in the data section.



predictable movements in expected consumption growth rates and expected asset returns is
valuable. I therefore estimate risk aversion based on conditional Euler equations as well. My
estimates of 1/ for stockholders are significantly larger than zero. The point estimates imply
values of v in the range 1 to 7. This is driven by low risk aversion estimates for richer layers of
stockholders. For nonstockholders on the other hand the estimates of 1/ are typically close to
zero. While the results are somewhat sensitive to choice of data frequency and instrumental vari-
ables, they are overall supportive of the limited stock market participation theory. The finding
of significant differences in risk aversion estimations between stockholders and nonstockholders
based on conditional Euler equations contrast with the findings of Jacobs (1997) based on food
consumption data from the PSID. Interestingly, a contemporaneous paper on UK data by At-
tanasio, Banks, and Tanner (1998) also finds support for the limited stock market participation
theory. They use a consumption definition similar to mine. An important negative finding in my
results is that there is no clear tendency for the tests of overidentifying restrictions to reject for
nonstockholders. Attanasio, Banks and Tanner (1998) do find a such pattern in the UK data.

In the Hansen-Jagannathan bound analysis, I again find the distinction between stockhold-
ers and nonstockholders to be important. For nonstockholders, the stochastic discount factor
does not enter the bounds for any value of risk aversion. For stockholders, the stochastic dis-
count factor enters the bound for values of risk aversion around 10.> The HJ bound analysis
furthermore shows that it is important to account for cohort effects in aggregate consumption
growth in order to reconcile the findings based on the CEX and the findings on US per capita
consumption data.

Measurement error is a serious problem for any study using microdata for consumption.
Under restrictive (but not unrealistic) conditions on the nature of the measurement errors, I
show theoretically how measurement error affects the empirical findings. The measurement error
results are valid as the number of households in the cross sections goes to infinity. To analyze
the effect of having a finite and fairly small number of households in the cross section I conduct
a Monte Carlo study. The main conclusions are that log-linearizing Euler equations is preferable
to estimating nonlinear Euler equations when the standard deviation of the measurement error

is large. Method of moments estimation based on nonlinear Euler equations may not have a

2Several adjustments must be made to the standard HJ analysis due to the use of micro data. The number 10

does not account for idiosyncratic risk.



unique solution for risk aversion. Furthermore, when it does lead to a unique estimate, this has
poorer properties than that based on log-linearized Euler equations. This motivates the focus
on log-linearized Euler equations in the empirical part of the paper. The Monte-Carlo analysis
also considers the effect of measurement error on the Hansen-Jagannathan bound analysis.
With limited stock market participation, markets are incomplete in the extreme sense of
one group of people not trading in the stock market at all. In general equilibrium the fact
that a fraction of the population must hold all stock market risk endogenously causes their
consumption to have a higher correlation with dividends than it would have if all agents shared
the risk. As a result, the equilibrium market price of risk is increased. In a recent paper,
Basak and Cuoco (1997) building on work by Saito (1992), elegantly derive this effect in a
continuous time model. A drawback of their paper is that the separation between stockholders
and nonstockholders is exogenous. It is clear that the reason for nonparticipation matters for
the general equilibrium effects of limited stock market participation. Suppose for example that
stockholders have much lower risk aversion than nonstockholders. Then as more agents enter,
the ’average’ risk aversion of stockholders increase and it is not a priori clear whether increased
participation should decrease the market price of risk and the equity premium. In general, the
equilibrium analysis of limited stock market participation is still at an early stage. It is too
early to say if adding this feature to standard general equilibrium models can generate an equity
premium close to that observed.? Understanding the general equilibrium effects of limited stock
market participation is important not only for confirming that this type of model can generate
a higher equity premium. There has been a dramatic increase in participation and risk sharing
in the US since the 1950s. General equilibrium models of limited participation are needed for
evaluating how this may have contributed to the path of asset prices and returns which has been

observed, and to consider the potential effects of continued entry in the future.

2 Euler equations and limited stock market participation

Suppose the observed consumption and asset return data are generated by an economy charac-
terized by limited stock market participation. Given the consumption data, how much smaller

is the equity premium predicted by the model which ignores limited participation compared to

3For a simplified example of general equilibrium analysis with limited stock market participation, see Chapter

3 of Vissing-Jgrgensen (1998).



the equity premium predicted using only the consumption of stockholders? In addition, how
different is the estimate of relative risk aversion which is obtained based on each of the mod-
els? These are the questions in focus in the analysis which follows. The analysis is based on
aggregation of Euler equations with no general equilibrium structure explicitly imposed. This
is the most relevant setup if the purpose is to derive the bias in risk aversion estimates from
estimations of Euler equations which do not account for limited stock market participation. It
does, however, imply that the condition needed for the results must be stated directly as a
condition on the consumption of nonstockholders and not as conditions on the underlying fun-
damentals. Such more fundamental conditions can only be derived by imposing more structure
on the problem. It is clear that differences in consumption patterns between stockholders and
nonstockholders depend in the reason why nonparticipants have chosen to stay out of the stock
market. I will return to this issue after deriving the condition on nonstockholder consumption
which is needed for limited stock market participation to be the explanation of implausible risk

aversion estimates based on aggregate data.

2.1 Upward biased risk aversion estimates

To separate the effects of limited participation from those of incomplete markets discussed by e.g.
Constantinides and Duffie (1996), this section will focus on Euler equations which take cross-
sectional heterogeneity in consumption into account. The results are similar if one assumes a
representative agent within each of the groups of agents in focus, as long as the cross-sectional
variance of consumption growth is uncorrelated with asset returns.

An analysis which ignores limited stock market participation will assume that Euler equa-

tions for stocks and bonds hold for all households*. With CRRA preferences this leads to an

h -
@]

Ri +1 denotes the gross return to holding asset i from date t to t+1. i=s will be used to refer to

aggregated Euler equation of the form

By [M{ 1 Ria] =1, ML, = E,

stocks, and i=f to refer to one period riskless bonds. Ej denotes the cross-sectional mean across

YThe Euler equations are the first order conditions for intertemporal optimization. I assume absence of market
frictions throughout the paper. Therefore the Euler equations hold with equality for households who are at an

interior solution with respect to the asset in focus.



households at time t. E; refers to the conditional expectation given all information known at
time t. The parameter ¢ is the discount factor equal to ﬁ where (3 is the discount rate. -y is the
coefficient of relative risk aversion. Preferences are assumed identical for all agents. T denotes
that the total set of households are used. I will use ’s’ to refer to stockholders and 'ns’ to refer
to nonstockholders. For stocks (1) is not valid under limited stock market participation, since
nonstockholders are included. In other words, M ,is not a valid stochastic discount factor for
pricing stocks, since nonstockholders are at a corner. Thus their consumption does not satisfy
the Euler equation for R, ;1. Mt:’jrl is a valid stochastic discount factor for pricing riskless assets
under the maintained assumption that all households are at an interior solution with respect to
riskless assets (borrowing is allowed).

The true aggregated Euler equation for the stock return only includes stockholders in the

h, -
(5 CtJrSl 9
h,s . ( )
&
The stochastic discount factor M, ; can be rewritten as
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cross-sectional aggregation

Et [Mts+1R5,t+1] = 1’ Mts+1 = Eh,S
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A is the proportion of stockholders in the population. As MZ,, M["¥; is not a valid stochastic

discount factor for pricing stocks. Using (1) for stocks and bonds we obtain the equity premium

predicted by the model which ignores limited participation

R ,/\MS 1—=X ns
(BRogi1 — Rpe1)” = _cov (Ryp41 My + ( ni s, ) 5
Ey (AMg,, + (1= N)Mp,)

= —Rppp1cove (Ropi1, Mgy + (1= XM (6)

Using (2) we get the equity premium which would in fact be consistent with the consumption

processes observed . If the CCAPM holds for the set of stockholders this will equal the observed

"We could equivalently use the stochastic discount factor based on the consumption of any of the stockholders

in this relation. With the Euler equation for the stock return holding for each stockholder, the covariance of



equity premium

cov RS, , M 8
t(E‘t (;\;}ﬂ) t+1) — —Rf,t+1Covt (Rs,t+1, Mt+1) i (7)

EiRs141 — Rygy1 = —

For limited stock market participation to explain the equity premium puzzle it must be the
case that (FyRs 11 — Rfer1)” < EtRsii1— Ry ey1. Faced with actual asset returns, estimations
based on the total set of households will then lead to an upward biased estimate of risk aversion®.

Comparing (6) and (7) we immediately get the following result.

RESULT 1:

a) covy (Rpq1, My — M, ) =0 = (ERsu41 — Rye1)" = EeRsp1 — Rypgia
b) covy (Rspi1, MP%)) =0 = (ERspi1 — Rpp1)” = AN(EtRsp11 — Rypi1) -
Proof: The result follows directly from comparing (6) and (7).

In words, if the assumed stochastic discount factor differs from the true one only by a quan-
tity which is uncorrelated with the stock return, the two models will predict the same equity
premium. The intuition is that under this condition the consumption growth of nonstockhold-
ers covaries with the stock return in the same way as the consumption growth of stockholders.
Therefore, including nonstockholder consumption in the stochastic discount factor will not lead
to a different prediction for the equity premium. However, as discussed in more detail below, we
would expect consumption growth of nonstockholders to be less correlated with stock returns
than that of stockholders. Result 1b) shows that if the stochastic discount factor based on non-
stockholder consumption does not covary with the stock return then including nonstockholders
in the CCAPM will lead to a predicted equity premium which is too low by factor A.” Thus if
only 20 percent of the population are stockholders and the true equity premium is
6 percent, the CCAPM with nonstockholders included in the consumption measure

will predict an equity premium of only 1.2 percent®.

stock returns with the consumption growth of each stockholder is identical (for identical stockholder preferences
as assumed here). Note that this, along with the restriction on consumption growth for each agent implied by
the Euler equation for the riskless asset, does not imply a degenerate cross-sectional distribution of consumption
growth for stockholders as long as markets are incomplete. Only with complete markets will the consumption

growth rates of any two stockholders be equalized state by state.
®This will be derived explicitly below.
"The condition in result 1b) will be satisfied if nonstockholder consumption growth is independent of the stock

return.
8The fraction of stockholders in the adult US population was around 6-8 percent in the 1950s. It has been



Result 1 is quite general. All that has been assumed is that the Euler equations for stocks
and bonds hold for stockholders and the Euler equation for bonds hold for nonstockholders. No
specific distributional assumptions have been imposed, neither cross-sectionally nor in the time
series dimension. Note also that while the average (across nonstockholders) of the covariances

¥
Ch,ns .
of <Ct“ > and R, ;41 must equal zero, the covariance for each non-stockholder need not be

h,ns
t

7Z€ero.

How does the difference in the predicted equity premium translate into bias in estimates of
the coefficient of relative risk aversion when the model ignoring limited participation is estimated
on a set of consumption and asset return data? To get a closed form answer to this question
more structure must be imposed. Let I° denote the set of stockholders and I the set of

nonstockholders. T make the following distributional assumptions:

ASSUMPTION:
chs . . o . .
a) Ct,jf +, Rs 41 ~ joint log-normal, Yhe I°, conditional on information known at t
77, ns
C.o . . . . .
b) Cth—tLls , Rs¢4+1 ~ joint log-normal, Vhe I"™*, conditional on information known at t.
t

. . . chs
For stockholders the Euler equation for stocks imposes that the covariance of In Cthf + and InR; 4.1
t

must be the same for all stockholders, but this need not be the case for nonstockholders.
Using this assumption the Euler equation for each h € I® can be log-linearized as shown by

Hansen and Singleton (1983)

Ch,s 1

0 = Iné+Eiln R37t+1 — "}/Et In ( Cflj:sl ) + 5‘/;5 In R37t+1 (8)
t
1 Ch,s Ch,s
—1—572%]11 (CZFSI) — 7y covy <lnR37t+1,ln (é;i)) . 9)
t t
Summing (8) over stockholders implies

s 1

0 = Iné+EInRsi1 —VELs [ErIn CZS +5Viln Ry (10)
t

h,s B h,s

1 2 Ct—&,—l Ct-;—l
—v°E 1 —~vE In R, 1 .

+2'V h,s (Vt = (Cth,s Y Lh,s _COUt nRsti1,In Cth,s

Similarly for the riskless rate
Cir\| L L Cit
E;ln (C{l’s + 37 Eps | Viln nys . (11)

gradually increasing since then. The latest available estimate is 41 percent in the 1995 Survey of Consumer

O=Iné+InRsi1 —vEn;s

Finances. See Vissing-Jorgensen (1998) for a description of the trends.



Under appropriate conditions for changing the order of integration, the cross-sectional expec-
tation can be moved inside E; () and cov: (-). One method of estimating § and +y is then to
replace expectations by actual values plus an expectational error, isolate either the consumption
measure or the interest rate as the dependent variable and an instrumental variables estimation
method?!?. (10) and (11) can be estimated separately or jointly. Alternatively, one can subtract
(11) from (10), assume constant conditional variances and covariances and use the law of iter-
ated expectations to do a simple method of moments estimation like that of Mankiw and Zeldes
(1991)

E(InRgp1 —InRyy1) + 3V In Ry ppq

f‘}/ = Ch,s
cov (hl Rs 41, Ep,s In ((;};1 >>
t

The corresponding approach which ignores limited stock market participation will include all

(12)

households in the summations. Letting v* denote the estimate of relative risk aversion when

nonstockholders are included this would result in

., E(nRsp1—IRpq) +3VInRs i
o rest) 23] . (13)
cov (]n Rs 41, Ep1In <%};—1>>

t
When nonstockholder consumption growth have a lower covariance with stock returns than
stockholder consumption growth, v* is an upward biased estimate of . The contribution of this

section is to quantify the bias.

v.
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Proof: Rewrite the denominator of (13)
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; ? Cth
Ch,s Ch,ns
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Under the condition assumed, the second term is zero. Comparing (12) and (13) then implies

Ch‘7s Ch,s
yeov [ In Ry i1, Ep s ln t;rsl =y*Acov | In Ry 141, Fp s In t;jsl :
Cy Gy

90rdinary least squares would lead to inconsistent estimates. The expectational errors enter the error term

causing the regressor to be correlated with the error term.
10Tt must be assumed that conditional variances and covariances are constant over time or uncorrelated with

left hand side variables (and instruments).



The result follows by rearrangement.

The estimates of v based on instrumental variables estimation will be related by the same formula
h,ns

L. . C . .
under the additional assumption that Ej, s In Cthfﬁs be uncorrelated with all instruments used.
t

Result 2 says that if the consumption growth of nonstockholders is uncorrelated with stock

returns then an estimation based on the CCAPM but including the consumption of nonstock-
holders in the consumption measure, will lead to an upward biased estimate of risk aversion.
The factor determining the bias is again A, the proportion of stockholders in the population.
Thus if only 20 percent of the population are stockholders and the true coefficient
of relative risk aversion is 4, the CCAPM with nonstockholders included in the
consumption measure will result in an estimate of 20. For A as low as in the 1950s, i.e.
around 7 percent, v* will be biased upward by a factor of 14. It is important to note that it is the
fraction of the population who are stockholders which matter for the bias and not the fraction of
consumption accounted for by stockholders. This is due to the fact that I have aggregated taking
the cross-sectional heterogeneity in consumption growth rates into account. If some households
have higher levels of consumption than others, they do not get a higher 'weight’ in the calcu-
lations since what matters is consumption growth rates. Had I assumed a representative agent
and thus used the growth rate of average consumption, the bias in the estimate of v would be
determined by the fraction of consumption accounted for by nonstockholders. This fraction is
smaller than 1 — X but still large.

The condition in Result 2 is the same as the one in Result 1b but with the log-normality
assumptions imposed. It is written here as an unconditional covariance, but the derivation of
(12) relies on constant conditional variances and covariances (conditional on information known
at time t). Thus the condition for Result 2 is in fact the similar to that for Result 1b.!! Alterna-
tively one could allow time-variation in variances and covariances and impose unconditional joint
lognormality of stock returns, bond returns and consumption growth rates (for each household
h). The numerator of (12) and (13) would then be modified by a term involving the uncondi-
tional variance of the bond rate, and the covariance of consumption growth and the bond rate

would enter the denominator. Both of these extra terms are small for aggregate consumption

"The condition in Result 1b) requires nonstockholder consumption growth to be independent of the stock
return. The condition in Result 2 requires the log consumption growth rate of nonstockholders to be uncorrelated

with the stock return.
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data and for all groups of households in the CEX which we consider. Therefore, empirically,
the assumptions of conditional joint log-normality and unconditional joint log-normality lead to
similar results.

Summing up, this section has shown that the condition that nonstockholder consumption
growth be independent of stock returns implies two results. Firstly, for given consumption
processes the equity premium predicted by a relation which ignores limited stock market partic-
ipation is only a fraction A of the true equity premium generated by those consumption processes,
where A is the fraction of stockholders in the population. Secondly, estimating Euler equations
involving the stock return without taking limited stock market participation into account will
result in an upward biased estimate of the coefficient of relative risk aversion ~. The bias can be

large as the examples showed.

2.2 Plausibility of the condition on nonstockholder consumption growth

Whether limited participation based on these results should be considered a promising explana-
tion of the equity premium puzzle obviously depends on the plausibility of the condition on non-
stockholder consumption growth. Suppose, as an extreme case of the literature on uninsurable
idiosyncratic income shocks, that nonparticipants have chosen to stay out of the stock market
because their idiosyncratic labor income is strongly positively correlated with stock returns and
they face a short sales constraint on stocks'?. Then consumption growth of nonstockholders
could have a higher covariance with stock returns than consumption growth of stockholders.
Since I find that the covariance of consumption growth with stock returns is much lower for
nonstockholders than for stockholders in the CEX, labor income shocks of the above type are
unlikely to be the main reason for nonparticipation.

Several empirical papers directly analyze reasons for nonparticipation in the stock market.
In Vissing-Jgrgensen (1999) I use income and portfolio data from the PSID to provide a direct
test of whether nonfinancial income affects portfolio choice as predicted by theory. I find only
weak evidence of a negative effect of the covariance of nonfinancial income with stock returns on

the probability of being a stockholder and the optimal proportion of financial wealth invested

2By definition, the idiosyncratic risk of all agents cannot be correlated with stock returns. It is possible,

however, that the correlation is positive for one set of agents, and correspondingly negative for another set of

agents.
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in stocks conditional on participation. Strong effects of the mean and variance of nonfinancial
income are found, but these effects do not invalidate the hypothesis of a low covariance of
nonstockholder consumption growth with stock returns.'® Souleles (1999) does find that the
covariance of consumption risk with the excess return on stocks enters significantly in a model
of stock purchases.

Most empirical papers on the determinants of stockownership find that the probability of
stockownership is increasing in wealth and education'®. The dependence on wealth is consistent
with a fixed entry cost or a per period participation cost which is distributed identically across
agents. A higher probability of stockownership for more educated individuals is consistent with
education lowering the cost. Vissing-Jgrgensen (1999) contains a more detailed empirical analysis
of the structure and dollar amounts of stock market participation costs.

The results of Blume and Zeldes (1994) and Bertaut and Haliassos (1995) show that people
who indicate a willingness to take average or above average risk are more likely to be stockholders.
This points toward heterogeneous risk aversion as another dimension of heterogeneity which
causes some but not others to enter the stock market (a fixed entry cost still needs to be present
to explain zero and not just small stockholdings). Furthermore, the significance of wealth may
be a reflection of different discount rates to the extent that more patient individuals will tend
to have higher wealth at a given age.

Neither of these additional factors (heterogeneity in wealth, risk aversion or discount rates,
each combined with the presence of a fixed cost of entry) invalidate the claim that nonstockholder
consumption growth is likely to have a low conditional covariance with stock returns. In any
economy in which stock market risk is the only type of uncertainty and in which this risk is not
shared by labor, consumption growth of households holding only riskless bonds is conditionally
riskless. It therefore has a conditional covariance with stock returns of zero, as needed for
Result 1b and 2. For nonstockholder consumption growth to have a positive correlation with
stock returns, it must be the case that labor income (or business income) of nonstockholders is
positively correlated with the stock market and that nonstockholders face a short-sales constraint
for stocks, as discussed above. Alternatively, additional sources of uncertainty must be present.

Before turning to the empirical section, I should address the question of whether the rea-

'3My findings are consistent with those of Heaton and Lucas (1999) and Guiso et al. (1996).
1 Additional references include Mankiw and Zeldes (1991), Blume and Zeldes (1994) and Bertaut and Haliassos

(1995).
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son for nonparticipation matters for the validity of Euler equation estimations for stockholders
and nonstockholders. For nonstockholders the Euler equation involving the stock return is by
assumption not valid. The issue of validity concerns, for stockholders, the Euler equations for
stocks and for the riskless asset, and for nonstockholders the Euler equation for the riskless asset.

Firstly, conditional on participation, the Euler equations hold for any process for nonfinancial
income. One of the attractive features of estimating Euler equations is precisely that one does
not need information about income or wealth. Secondly, in the presence of fixed entry or per
period participation costs, the Euler equation for stocks (as well as all Euler equations involving
the riskless rate) still holds with equality for agents who are stockholders. Trading costs could
cause violation of the Euler equations in periods where the household does not change its asset
holdings. Thirdly, if heterogeneity in discount rates is important, estimates of relative risk
aversion based on the log-linearized model are still valid. Estimates of risk aversion based on
the simple calibrations in (12) and (13) do not involve estimation of discount rates and are thus
unaffected by heterogeneity in discount rates. Instrumental variables estimation of v based on
equations (10) and (11) is also essentially unaffected by heterogeneity in discount rates. This
is because the discount factor is isolated in the constant term. When individual log-linearized
Euler equations are summed across agents, as shown in (10) and (11) for the set of stockholders,
the term Iné is replaced by an average of agents’ log discount factors. This does not affect
estimates of .

If risk aversion is heterogeneous, implying that it will be households with low risk aversion
who pay the fixed cost and enter the stock market, then complications arise. If long time series of
data were available for each agent, Euler equations could be estimated for each stockholder and
each nonstockholder to get consistent estimates of each agent’s coefficient of relative risk aversion.
However, in the Consumer Expenditure Survey, each household is not observed for a sufficiently
long period for this to be feasible. As will be explained below, a simple cohort technique must
be applied. This involves using consumption growth observations for similar agents from earlier
and later periods to obtain an estimate of risk aversion for a given type of agents. If risk aversion
differs within the set of agents, the resulting estimate will be a (complicated) function of the
risk aversion coefficients of the agents involved. This implies that to get a precise estimate
of risk aversion, it is desirable to be able to identify groups of agents with similar values of

risk aversion. Splitting agents into stockholders and nonstockholders by itself goes some way
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towards solving this problem. In addition, I split the set of stockholders into three layers by size
of stockholdings. Aside from providing more precise estimates of risk aversion in the presence of
risk aversion heterogeneity, this is of interest with respect to the issue of diversification. Suppose
risk aversion is homogeneous but that an Euler equation involving the return on an aggregate
stock market index is estimated for stockholders whose stock portfolio is not as diversified as
the index. The result is likely to be an upward biased estimate of risk aversion. To the extent
that wealthier stockholders are more diversified than less wealthy stockholders, risk aversion

estimates will be less biased for richer layers of stockholders'?.

3 Empirical results based on the Consumer Expenditure Survey

3.1 Empirical strategy

The empirical analysis contains three parts. First, a simple estimation corresponding to equation
(12). Second, estimation of the loglinearized conditional Euler equations in (10) and (11), using
a linear GMM estimation approach (i.e. an instrumental variables approach). Third, a Hansen-
Jagannathan bound analysis. Each of these parts emphasizes different features of the data.
The estimation of equation (12) does not use conditioning information. Instrumental variables
estimation uses information about time-variation in expected consumption growth and asset
returns. The Hansen-Jagannathan analysis focuses on the volatility of the stochastic discount
factor proposed by the CCAPM. The null hypothesis is that the CCAPM is a satisfactory
description of the equilibrium relation between consumption and asset return data once we
focus on the consumption of stockholders. Under this hypothesis, the risk aversion estimates
for stockholders obtained from each part should be identical. For each of the three parts, the
model is estimated /tested first for the set of all households in the sample, then for stockholders
and nonstockholders separately and finally for the bottom, middle and top layer of stockholders

ranked by size of stockholdings. I will return to the issue of aggregation within groups below.

3.2 Data

The CEX data available cover the period 1980:1-1996:1. In each quarter approximately 5000

households are interviewed. Each household is interviewed five times, the first time is practice

15The number of different stocks held is strongly related to wealth in the Survey of Consumer Finances.
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and the results are not in the data files. The interviews are three months apart and when
interviewed households are asked to report consumption for the previous three months separately.
Information about other variables is reported on a quarterly basis. Financial information is
gathered in the fifth quarter only. Aside from attrition, the sample is representative of the US
population. Attrition is quite substantial with only about half the households making it through
all five quarters.

The CEX does not allow a perfect separation of households into stockholders and nonstock-
holders. Households are asked for holdings of ”stocks, bonds, mutual funds and other such
securities”.! Since many households who do not hold stocks may hold positive amounts of
bonds and non-equity mutual funds, some nonstockholders will unavoidably be classified as
stockholders. In general, inability to perfectly identify stockholders and nonstockholders biases
against finding differences in risk aversion estimates for the two groups. Below I will refer to
the answer reported for the above asset category as stockholdings.

To avoid potential sample selection problems, stockholding status must be defined based on
stockholdings at the beginning of period ¢ (when considering AlnCyy;1). Two additional CEX
variables are used for this purpose. The first one reports whether the household holds the same
amount or more or less of the above asset category. The second one reports the ”dollar difference
in the estimated market value of all stocks, bonds, mutual funds and other such securities held
by CU last month compared with the value of all securities held a year ago last month”. A
household was defined as a stockholder if it either reported having decreased its stockholdings
or kept them constant, or had increased its stockholdings but by a dollar amount less than the
current reported stock.!”

It is known from e.g. the Survey of Consumer Finances that many households hold stocks
only in their pension plan. Whether these should be considered stockholders or not depends on
the type of pension plan. In a defined contribution pension plan households can adjust their
contributions and thus ensure that the Euler equation for the stock return is satisfied. In a

defined benefit plan the bearers of the stock market risk is not the employees but the owners

16The other component of financial assets in the CEX is amounts in "savings accounts in banks, savings and

loans, credit unions, etc.”.
17 A small number of households reported increasing their stockholdings by more than the value of the reported

end of period stock. Since it cannot be determined if they were stockholders initially, these households were

categorized as nonstockholders.
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of the company which provides these benefits. Thus households with defined benefit plans in
effect hold a riskless asset. Unfortunately, it is not possible to determine whether households
with defined contribution plans report their stockholdings in these plans when answering the
CEX questions. The percent of stockholders in the CEX is smaller than in other sources (it is
about 22 percent, see below).!® This may indicate that many households with stockholdings
in defined contribution plans do not report these. This will lead them to be misspecified as
nonstockholders. Again, this should bias against finding differences between the two groups.

Because the financial information is reported in interview five, and because 1 wish to cal-
culate consumption growth value by households, households must be matched across quarters.
Therefore, I drop households for which any of interview two to five are missing. Matching
households across interviews creates problems around 1985-86 since sample design and house-
hold identification numbers were changed, with no records being kept of which new household
identification numbers correspond to which old ones. I initially attempted to use other variables
than household ID to match households for the quarters affected by this problem. However,
not enough households could be uniquely matched for this to be useful. Rather, I chose to
exclude households who did not finish their interviews before the ID change. This implies that
no observations are available for some month around the ID change (10 months when consider-
ing quarterly consumption growth rates, 16 months when considering semiannual consumption
growth rates). This is taken into account when programming corrections for autocorrelation and
when doing bootstrapping.

In addition to the split between stockholders and nonstockholders, the set of stockholders
is split into three layers of approximately equal size based on dollar amounts reported. Consis-
tent with the definition of stockholding status based on stockholdings at the beginning of the
household’s participation in the study, this was done based on initial stockholdings. These were
calculated as current holdings minus the increase in amount in the current period (which can
be negative). The bottom layer consists of those reporting initial stockholdings of $2-$3500 in
real 1982-1984 dollars, using the CPI to deflate the nominal values. The middle and top layers
are those with real initial stockholdings of $3500-$20000 and above $20000, respectively. For
interviews conducted from 1991 onwards, about 5 percent of households report stockholdings of

$1. T contacted the BLS to ask if this was a coding error, but they were not sure how to interpret

'¥This is the case whether using the CEX weights or not.
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the $1 answers. Since these households therefore cannot be classified by layer of stockholding, T
chose to classify them as nonstockholders for the purpose of defining layers of stockholders. Thus
the total number of stockholders used when defining layers is smaller than the total amount of
stockholders when not doing this split.

The consumption measure used is nondurables and some services aggregated as carefully as
possible from the disaggregate CEX consumption categories to match the definitions of non-
durables and services in the NIPA. The service categories excluded are housing expenses (but
not costs of household operations), medical care costs, and education costs. This was done since
many of these three types of costs have a substantial durable component. Attanasio and Weber
(1995) used a similar definition of consumption. In leaving out durables, it is implicitly assumed
that utility is separable in durables and nondurables/services. Nominal consumption values are
deflated by the BLS deflator for nondurables.

Following Dynarski and Gruber (1997) and Zeldes (1989) extreme outliers are dropped under
the assumption that these reflect reporting or coding errors. Specifically, I drop observations
for which Cy41/C¢ <0.2 or Cy41/Cy >5. In addition, nonurban households (missing for part
of the sample) and households residing in student housing are dropped as are households with
incomplete income responses. Furthermore, I drop households who report a change in age of
household head between any two quarters different from 0 or 1 year. These exclusions are
standard. More drastically, I drop all consumption observations for households interviewed
in 1980 and 1981, since several measures indicated low data quality in this first part of the
survey. For example, the ratio of total annual family consumption to family income after tax
is 4.4 percent higher for households interviewed in 1980 or 1981 than the subsequent years.'’
Attanasio and Weber (1995) show that the share of food in nondurable consumption was much
higher in 1980 and 1981 than subsequently.

The final sample consists of 30535 semiannual consumption growth observations, and 95162
quarterly consumption growth observations (more on the choice of data frequencies below). The
proportion of stockholders is 22.7 for the semiannual data, and 22.4 for the quarterly data.
Consistent with data from other sources, the proportion of stockholders is upward trending.

Table 1 gives the average number of observations per month for the various household groups,

19Based on median values of this variable across households and excluding rural households for comparability

acCross years.
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along with the mean and standard deviation of their log consumption growth (not annualized).
For the semiannual case, the average number of observations for stockholders per month is 50,
while the average number of observations for nonstockholders is 168. The restricted sample
consisting of single individual households only, has substantially fewer observations. Therefore
it is not possible to consider layers of stockholders in this case for the semiannual data. For the
quarterly data the average number of observations per stockholder layer is very small for this
case, but none of the results reported below for this case are driven by one or a few outliers.?’The
summary statistics on consumption in Table 1 show that log consumption growth is higher for
stockholders than for nonstockholders. Since the measure of consumption growth is the cross
sectional sum of AlnC}, ,, its standard deviations depends on the number of households in
the given category. In the Monte Carlo simulations discussed below I analyze the effect of the
number of households for the various estimations.

Monthly NYSE value weighted returns are used as the stock return measure and monthly
T-bill returns as the measure of nominally riskless returns. The CPI for total urban consumption
is used to calculate real returns. Quarterly and semiannual returns are aggregated up from the
real monthly returns. As instruments for the log stock return and the log T-bill return I use the
dividend price ratio, the lagged real value weighted NYSE return, the lagged real T-bill return,
the government bond horizon premium, and the bond default premium (in addition to seasonal
dummies and family size controls). The dividend price ratio, the bond horizon premium and the
bond default premium are based on data from Ibbotson (1997). The dividend price ratio used
is the ratio of dividends over the previous 12 months to the current price (the S&P500 Index).

1 Rlong term govt. bonds
It

The bond horizon premium is defined as .

where ’long term’ means 20 years

short term govt. bonds
Ry )
to maturity and ’short term’ means approximately 1 month to maturity. The bond default
long term corp. bonds

£t
1+R1fc‘);1g term govt. bonds
)

premium is defined as where long term again means 20 years to maturity.
The monthly values are aggregated multiplicatively to quarterly and semiannual values.

For reference, data for real US per capita consumption of nondurables and services will be
needed. I use nominal consumption and price deflators for nondurables and services from the

Bureau of Economic Analysis, and population data from the U.S. Census Bureau.

20For two of the stockholder layers there was one month with no observations for the single individual households.
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3.3 Econometric issues
3.3.1 Measurement error

As in all studies based on micro data the issue of measurement error arises. Although, to my
knowledge, no validation study has been done for the Consumer Expenditure Survey we know
from the PSID validation study that measurement errors in micro data can be large. Duncan and
Hill (1985) find that 15 to 30 percent of the cross-sectional variation in earnings is measurement
error. It is likely that people remember their earnings more accurately than their consumption
resulting in much larger measurement error for consumption. Again for the PSID, Runkle (1991)
estimates that 75 percent of the part of consumption growth variation which is unexplained by
family specific interest rates is noise.

The conditions on measurement error under which consistent estimates of relative risk aver-
sion can be obtained based on estimation of Euler equations are strict. The measurement error
in individual consumption must be multiplicative and independent of the true consumption

level and asset returns?!:22

. This is the case whether the Euler equations are log-linearized or
estimated in the original nonlinear form. To be specific, suppose we had a long time series of
consumption observations for an agent h and wished to test the CCAPM. Let Cth * be the true
consumption of agent h at t and assume observed consumption is given by CP = CZL el where

el is the measurement error. The true Euler equation is

Ch7* -
E; |6 t—h“ Rii1| = 1. (14)
Ct

However, our estimates ¢ and y are based on the sample equivalent of

[ Ch - (Cleh -
B0 "G ] Run| =le B |8 =0t ) Rus | =1 (15)
t t t

As an example, in the case of GMM estimation with two interest rates and two instruments, one

of which is a column of ones, our estimates § and y satisfy the sample equivalents of the above

! Fortunately, introspection suggest that multiplicative measurement errors are more plausible than additive,
since people are more likely to misreport their consumption by some (stochastic) fraction than to misreport it by

the same dollar amount no matter how large the true level is.
22For log-linearized Euler equations measurement errors must be uncorrelated with the true level of consump-

tion, not necessarily independent of the level.
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equation with equality. If efﬂ and ! are conditionally independent of CthH, C! and Riti1,

(15) implies

5h _:Y ~ Ch7* _:Y
E; (t—f) E; 5( t“) Riti1| = 1. (16)

€} Cth’*
el and €', ; are unobservable and thus not included in the time t information set.

h -y
If £ (2%) is constant over time as would be the case with i.i.d. measurement errors. It
t

follows that the estimator of 6 will be inconsistent by this factor, whereas v will be consistently

estimated. €, ; and ] are bounded from below by zero under the reasonable assumption that

h -y
no households reports negative consumption. Thus F; <€—2',t—1> is positive. If measurement
t

errors are lognormal, Inel ~ N (ug, O'g) Vt, the estimate of § will be inconsistent by the factor
1 B 1

() ] T op (2 (02 0-)

(17)
E

R
€t

where o, is the covariance of Inef’, ; and Ine}’. Similarly, Iné in the log-linearized model will be
inconsistent by the quantity —y?(c2 — 0. ). If we do not have a long time series of consumption
for each agent and instead aggregate over consumers within each period as in (2) the incon-
sistency in 6 would remain the same if we had infinitely many households in the cross section.
To see this, suppose that at least two observations are available for each household such that
Cfﬂ /O can be calculated. When estimating § and v using a time series of cross sections of
Cf. 1 /CP observations, 5 and 7 will be based on the sample equivalent of
Cia

- 1 - ~ 1 Ch,* E,'h' 7’;
E, |[§=X ~ =1 E |6=X i 23 R; =1.
t[Ogn ( cr ) Rt i[O n ( Cf’*s,’} it41

or as H — oo

) Ca o ) Criet -
E; |6Ey ( é;) Riy1| =1 E |6E, <ﬁ> Rigy1| = 1.
t

t St
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Under the independence assumptions stated above and assuming the same distribution of mea-

surement errors in the cross section at each date as for one individual over time, this implies

. — —
Ct+1 55:1+1 , _
E; (5Eh hor Eh o Rz,t—i—l = 1
cy &t
. C 7] |
exp (32 (05 —0:c)) By |6E, (J,ji) Rt = L
t

Thus if we had infinitely many households in the cross section, the estimate & would be incon-
sistent by the same factor as above and 7 would again be consistent. Similarly, if the Euler
equation involving the excess return on stocks Rs;i1 — Ry 41 is estimated, the estimate of
would be consistent under the independence assumptions stated (§ cancels in this case).?

Similar comments apply for the analysis of stochastic discount factors for the Hansen-
* -
<Cth+1>
Ch*

e\ : . :
<C—t,;"—1> ] . With measurement error, it is only possible to observe

Jagannathan bound analysis. The true stochastic discount factor is 6%2;1 or as

H—>OO, 5Eh

t

1 Ch*E -y
o5 2n ﬁ or as H — oo,

-
6Ep [<—Ct+1€t+l> ] = exp (v (02 — 02)) 6By

h,x _h
Cy el

—y
Ct+1
P

Thus both the mean and the standard deviation of the stochastic discount factor will be biased by

2

the factor exp (72 (05 — 05,5)) . However, if one assume a representative agent (within groups),

measurement error has no effect as H — oo, since

st ] [Brl() et 7)) T ()]
B ()] B | ()] B (et ] A[CN

assuming that the distribution of measurement errors is stationary over time. Brav, Constan-

tinides and Geczy (1999) conclude that tests of the representative agent (complete insurance)
model against the nonrepresentative agent (incomplete insurance) model have very low power.

Their results are based on a Monte Carlo simulation designed to capture the main features of

23 Note that consistency here concerns the probability limit of the estimator as T' — oo.
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the CEX data set. Given this and given the robustness of the stochastic discount factor to
measurement error when a representative agent is assumed, I chose to make the representative
agent assumption in the empirical Hansen-Jagannathan bound analysis.

The above derivations assumed H — oo. It remains to determine what happens for empiri-
cally relevant values of H. How large a value of H is needed to ensure that measurement error
has only negligible effects on the properties of the risk aversion estimate? Intuitively, this should
depend on how large the standard deviation of the measurement error is relative to the standard
deviation of the true value of consumption. It may also depend on whether the Euler equations
are log-linearized or not (log-linearization is not an issue for the Hansen-Jagannathan bound
analysis) and on whether a representative agent is assumed within the group of stockholders
and within the group of nonstockholders.

To address this issue, Appendix A contains a small scale Monte Carlo study of the proper-
ties of risk aversion estimators based on the original nonlinear Euler equations and risk aversion
estimators based on the log-linearized Euler equations. The simulation also addresses the im-
portance of measurement error for the properties of stochastic discount factors, relevant for the
Hansen-Jagannathan bound analysis. The results are presented in Table 2 and Figures 1 and 2.
I draw three conclusions based on the findings of the Monte Carlo study.

Firstly, for values of H and o2 in the empirically relevant range, the properties of risk aversion
estimators based on log-linearized Euler equations are reasonably close to the properties of
estimators in the case without measurement error. This conclusion does not depend on whether
a representative agent is assumed.

Secondly, this is not the case for risk aversion estimators based on method of moments
estimation of nonlinear Euler equations. The nonlinear Euler equation analyzed represents one
moment in one unknown (when using the equity premium R, 1 — R ;+1 such that 6 drops out).
However, depending on the particular draw of the data, there may be zero, one or several values
of v which sets the moment equal to zero. The proportion of cases in which there is not a unique
solution is substantial for empirically relevant values of H and 2. Therefore, this estimator may
not be applicable in a particular sample, and even if applicable is shown to generally have poorer
properties than estimators based on log-linearized Euler equations. This motivates the focus on
log-linearized Euler equations in the empirical part of the paper.

Thirdly, when plotting Std (M) against E (M) for various values of vy, the shape of the curve
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is largely unaffected by measurement error if a representative agent is assumed. The value of
risk aversion corresponding to a given point on the curve is lower than the true value due to

measurement error. As expected this effect is stronger the lower H is.

3.3.2 Matching

With multiple consumption observations per household, household identification numbers can be
used to match households across interviews thus exploiting the panel dimension of the CEX. This
is necessary for estimating nonlinear Euler equations without a representative agent assumption

as discussed above. For estimating log-linearized Euler equations one could consider not match-

ing, and using as consumption measure Ht1+1 Zfz{l In C’thﬂ} — [H% hHl1 InC}'| . However, with
25 percent of the sample being replaced each quarter, matching is important. Without match-
ing, the extent to which the consumption level of the new households differs from that of those
who are no longer in the sample enters the estimation as an additional element of noise.?

For the Hansen-Jagannathan bound analysis, matching is important whether a representative
agent is assumed or not. Consider an overlapping generations setting. New generations are born
with higher lifetime resources than existing generations due to productivity growth. In principle
each individual can have a flat consumption profile during her lifetime (aside from shocks) at the
same time as per capita consumption growth is positive. The reason is that the consumption of
the oldest households at ¢ is replaced by the consumption of young richer households at ¢ + 1.
Then with matching the growth rate of average consumption

H% fil Cth+1

1 Hy h
T 2h=1 Ci

will be close to zero on average. However, the growth rate of average consumption without

matching
H
T 1 t+1 Yh
Cta | _ Hm 2=t Crnn
T - 1 Hy h
¢ T 2 he1 Ci

will be positive on average. This point will be central when reconciling the Hansen-Jagannathan
bound analysis based on the (matched) CEX data with the findings in the literature based on

aggregate (and thus not matched) data.

2In any case, in the CEX matching across interviews is necessary for defining stockholder status as discussed

in the data section.
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3.3.3 Timing

The fact that households are interviewed every three months for a year, and in each interview
report consumption for the previous three months separately leaves open a choice of data fre-
quency for defining consumption growth rates. Let subscript ¢ refer to month ¢. I consider two

alternatives.
Ci16+C147+C118+C19+Cr110+Cr111
Ct+Ciy1+Ci42+C143+C1a+Ciys

Ci43+Ci44+Ciys
Ct+Ciy1+Ciq2

a) Semiannual consumption growth rates:
b) Quarterly consumption growth rates:
Using semiannual consumption growth rates results in one consumption growth observation per
household, compared to three growth rate observations per household when using quarterly
growth rates. While it would be possible to calculate month to month consumption growth
rates, this is likely to be less reliable. A substantial number of households report identical
expenditures across the three reference months for many consumption categories. While some
of these reports may be correct, many are likely to be due to households simply averaging their
quarterly expenditures across months and reporting the average for each month. See Souleles
(1995) for details about this problem.

While each household is interviewed three months apart, the interviews are spread out over
the quarter implying that there will be households interviewed in each month of the sample.
Thus the data frequency for both a) and b) is monthly. This implies that consumption growth
observations for adjacent months will involve partially overlapping time periods and thus par-
tially overlapping expectational errors. As a consequence the error term in the log-linearized
model will have an MA(5) component when using semiannual consumption growth observations,
and an MA(2) component when using quarterly consumption growth observations. In addition,
measurement error in consumption generates an MA(3) component for case b), since some of
the households interviewed in month ¢ will also have been interviewed in month t — 3.

The second issue regarding timing is the timing of interest rates. For the semiannual data, is
the relevant interest rate (1 + R¢) (1 + Req1) ... (1 + Reys) or (1 4+ Reye) (1 4+ Reyr) oo (14 Rey11)
or something else? Suppose consumers sell their assets (stocks or bonds) at the beginning of the
month in which they would like to consume. Then shifting consumption from period ¢ to t + 6
would imply a gross return of (1+ Ry) (1 + R¢t1) ..... (1 + Ryy5), whereas shifting consump-
tion from period t + 5 to ¢t + 11 would yield a return of (1 + Reys5) (1 + Rigq) -.- (1 + Ret10) -
Thus the relevant interest rate would be a weighted average of all (1 + R;), (1 + Rev1), oy
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(14 Ry+10) - For simplicity I chose to use the middle six months of relevant interest rates
(14 Riy2) (14 Ryy3) ... (14 Ryy7).2° Similar considerations lead to the choice of
(14 Ri+1) (14 Reyo) (1 4+ Ryy3) when using quarterly consumption growth rates.
Autocorrelation raises the question of which lags of interest rates and other variables are
valid instruments. The error term has an expectational error component and a measurement
error component. Since interest rates are likely to be uncorrelated with the measurement error
component of the error term, autocorrelation due to measurement error does not invalidate
lags of interest rates as instruments. It does have an effect on which lags of consumption
would be valid instruments but since lagged real consumption growth rates had low correlation
with the real stock return and the real T-bill return they were not used. Autocorrelation in
the error term due to overlapping expectational errors imply that interest rate lags six and
further back are valid instruments for the semiannual data and that interest rates lag three
and beyond are valid instruments for the quarterly data. Due to the fact that R; and Ry for
the semiannual case, and R; in the quarterly case may be partly relevant as right hand side
variables as discussed above, the interest rate instruments used are lagged further so that there
is no overlap. Thus (14 R;6) (1 + R_5) ..... (1 + R—1) is used as instrument for semiannual
data and (1 + R;—3) (1 + R;—2) (1 + R;—1) for quarterly data. As for the specific interest rates
used, I will return to when stock returns and T-bills returns are used when discussing the results.
Similar considerations lead to using the dividend price ratio at the beginning of period t as an
instrument, and the bond horizon premium and bond default premium over the period ¢t — 6 to

t — 1 for semiannual data and the period t — 3 to t — 1 for quarterly data.

3.3.4 Family size controls

Following a series of papers in the consumption literature I assume that family size enters the
utility function multiplicatively, and thus include Aln (familiy size) in the log-linearized Euler
equations. It is however not clear that such a simple correction accurately captures family size
effects. The literature on equivalence scales considers this issue in detail. Here, I choose to
repeat the estimations using households consisting of only a single individual at both ¢ and ¢+ 1

to see if this affects the results.

5 Results are similar when using (14 Reta) (1 + Rea) ... (1 + Reys).
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3.3.5 Seasonality

I assume that seasonality enters as a multiplicative factor in the utility function, such that,
U (Cth) = ﬁ (C,fﬂrlSm(tH))l*a where S, (;41) is the seasonal factor and m (¢ + 1) is the month
at t+1 is. Under this assumption seasonal adjustment by dummies is valid in the log-linearized
model. I therefore include 12 monthly dummies in the instrumental variables estimations. For
the Hansen-Jagannathan bound analysis (which is not based on log-linearization), I use as the
adjusted consumption ratio the exponential of the average of AlnCyy; plus the residual from a
regression of Aln C1q on 12 monthly dummies. In the estimations based on the unconditional
Euler equation for the equity premium, the seasonal factor drops out if the equation is derived
based on conditional joint log normality (but not if the equation is derived from unconditional
joint log normality). For comparison with earlier results, I seasonally adjust AlnCiy; for this

case as well .20

3.3.6 Summary: Estimated relations

The risk aversion estimate based on the equity premium and unconditional Euler equations is,

with the relation for stockholders as the example

E(InRyyi1 —InRyp1) + 3V (In Ry ypq)

—~ s Chvs
Ccov <1H R37t+1, % hH:1 In <thtsl ))
t

The log-linearized conditional Euler equations are, with the stockholders’ Euler equation for

5=

stock returns as an example

H* h,s
1 Cy ) . 1
s E In Ct—h":i = 31D1 + B9D3 + ... + 319 D12 + aAln (family 31zet+1)+; In R, ¢ 41 + w
h=1 t

(18)

26 Ferson and Harvey (1992) considers the seasonal adjustment issue in detail. They emphasize that most of the
empirical papers in the equity premium puzzle literature use aggregate consumption data which are seasonally
adjusted using the X-11 seasonal adjustment program or a similar method. Since data adjusted by the X-11
method are weighted averages of past and, in revised data, future expenditures, this type of seasonal adjustment
can induce spurious correlation between the error terms of a model and lagged values of the variables (e.g.
spurious rejection of a model based on tests of overidentifying restrictions when the instruments include lagged
consumption values). In addition the X-11 method changes the mean of the growth rate of a series which in the

present context would cause biases in means of stochastic discount factors.
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If the conditional variances and covariances in the expression for the (seasonal) constant term

1 1 H?
== (Byln Ry —InRypy1) — = >
Ut ~ ( t HR t+1 HR ,t+1) He 2o

are not constant, the stochastic components enter the error term. This does not cause problems
for the estimation as long as these components are uncorrelated with the asset returns and the
instruments used.

For each group of households, the Euler equation for the stock return and the Euler equation
for the bond return are first estimated separately. The estimation method used is linear GMM
estimation, or in other words 2SLS modified to account for autocorrelated error terms of the
MA(3) form for quarterly data and the MA(5) form for semiannual data (commonly referred
to as optimal IV estimation). Furthermore, I correct for heteroscedasticity of arbitrary form.
Heteroscedasticity is likely to be present because of a varying number of observations per quarter.
Instrumental variables estimation is used rather than OLS because of endogeneity of asset returns
due to the expectational error being included in the error term.

The Euler equations for stock and bond returns are then estimated jointly, again using linear
GMM estimation. Joint estimation is used to gain efficiency from exploiting cross-equation
correlation in error terms caused by correlated expectational errors. Furthermore, it makes it
possible to impose identical values for 1/ and the coefficient on A In(family size) and determine
if this leads to rejection of the model according to overidentification tests. In the joint estimation,
the coefficients on the seasonal dummies are allowed to differ for the stock and the bond equation
since this is implied by the model when the two returns have different variances or different
covariances with log consumption growth.

For the Hansen-Jagannathan bound analysis the stochastic discount factor based on a rep-

resentative agent assumption within groups is
1 —H* ~hs\ 7
S Hs Zsh=1 Ct+1
L Hs Ch,s
s 2on=1 Yt
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again with stockholders as an example.

3.4 Results
3.4.1 Unconditional Euler equations

Tables 4 and 5 show the risk aversion estimates based on unconditional log-linearized Euler
equations, corresponding to equations (12) and (13). For reference the results for US per capita
consumption data are given in Table 3 for quarterly and annual data.

The results show large differences in relative risk aversion estimates between stockholders
and nonstockholders, but the confidence intervals are very wide. For quarterly CEX data,
with no representative agent assumption, the risk aversion estimate for stockholders is 55.4,
compared to -300.7 for nonstockholders. The lower estimate for stockholders is driven by a
value of 12.7 for the top layer of stockholders. When focusing on single individual households,
the risk aversion estimate for stockholders decreases to 19.7, driven by a value of 4.5 for the top
layer of stockholders. The results for semiannual data also generally show large differences in
risk aversion estimates for stockholders and nonstockholders, but with more mixed results for
single individual households. The finding of lower risk aversion estimates for richer stockholders
are in line with the findings of Brav, Geczy, and Constantinides (1999) also using quarterly
CEX data. As for the negative risk aversion estimate for nonstockholders, this is consistent with
results of Poterba and Samwick (1995) based on the PSID, using the Skinner consumption index
instead of only food consumption.

Since these estimates are based on only one moment restriction, large standard errors are
to be expected (as was seen in the Monte Carlo analysis). Mankiw and Zeldes (1991) and
Brav, Geczy and Constantinides (1999) do not report standard errors for their estimates. The
last two columns of Tables 4 and 5 give 95 percent bootstrap confidence intervals for the risk
aversion estimates. Even if consumption growth, the stock return and the T-bill return are
joint lognormal, the finite sample distribution of the risk aversion estimate considered here is
difficult to derive analytically. The asymptotic distribution can be found using the delta method.
However, the asymptotic distribution which is a normal distribution does not seem to be a close
approximation to the finite sample distribution which has a longer tail to the right (this was
confirmed both from the estimates in the Monte Carlo simulation and by bootstrapping from the

actual CEX data). This is the reason for using bootstrap simulation. The results in column 4
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assume that the data are independent over time, whereas the results in column 5 allow for third
order autocorrelation for the quarterly data and sixth order autocorrelation for the semiannual
data. Accounting for autocorrelation is done by resampling blocks of data rather than individual
data points. For a description of the block bootstrap see Horowitz (1998). Based on the
presumption of third and sixth order autocorrelation, the bootstrap uses blocks of length three
months for the quarterly data and length six months for the semiannual data. Nonoverlapping
blocks are used. For each risk aversion estimate two bootstrap confidence intervals are given
in each of column 4 and 5. The first is the 95 percent percentile interval [y g25, V0.975), Where

v, denotes the a'!

percentile of the bootstrap distribution. The second is the 95 percent bias-
corrected percentile interval as described in Efron and Tibshirani (1993). This approach corrects
for possible bias in the estimator by using different percentiles of the bootstrap distribution. The
results shown are based on 20000 bootstrap draws.

The bootstrap confidence intervals are extremely wide, more so for nonstockholders than for
stockholders. Only for the top layer of stockholders is risk aversion estimated somewhat more
precisely. The confidence interval for the top layer, when using quarterly data and not assuming
a representative agent within the group is [1.2, 56.6] when autocorrelation is accounted for.
For single individual households the corresponding interval is [0.4, 14.2]. The wide confidence
intervals are consistent with the large standard errors for the correlation of stock returns and
consumption growth rates reported by Poterba and Samwick (1995). The results are little
affected by assuming a representative agent. This is consistent with the Monte-Carlo evidence
of Brav, Constantinides and Geczy (1999) mentioned above.

Overall the results from the calibration show some evidence of differences in risk aversion
estimates between stockholders and nonstockholders. The bootstrap confidence intervals indi-
cate that one moment is too little to obtain precise estimates, although the bootstrap confidence

intervals for the top layer of stockholders are somewhat narrower.

3.4.2 Conditional Euler equations

The results of the instrumental variables estimations of the log-linearized model in equation
(18) are shown in Tables 6-11. FEach table shows three sets of estimations corresponding
to three different sets of instruments. All instrument sets include 12 seasonal dummies and

Aln (family size), ;. In addition instrument set 1 includes the log dividend price ratio. In-
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strument set 2 includes the log dividend price ratio, the lagged log real stock return and the
lagged log real T-bill returns. Instrument set 3 includes the log dividend price ratio, the bond
horizon premium and the bond default premium. See section 3.3.3 for the precise timing of
these variables. Many previous studies have used lagged stock and bond returns as instruments.
The dividend price ratio is well known to be able to forecast real stock returns. The use of
the bond horizon premium and the bond default premium is motivated by the findings of Fama
and French (1989) that these have predictive power for stock returns. In my sample, the log
dividend price ratio was the strongest predictor of both the real stock return and the real T-bill
return. Leaving out the family size variable, the R? from regressing the log real stock return
on the variables in the three instrument sets was 0.138, 0.155, 0.200 for semiannual data, and
0.112, 0.206, 0.146 for quarterly data. The corresponding R? values for the log real T-bill return
are 0.707, 0.707, 0.762 for semiannual data, and 0.578, 0.606, 0.585 for quarterly data.

While other variables in the information set should be uncorrelated with the error terms in
the log-linearized Euler equations according to economic theory, the properties of the estimators
may deteriorate if weak instruments are included. It is known that the 2SLS estimator tends to
be biased towards the biased and inconsistent OLS estimator. If the explanatory power of the
first stage is fixed while more instruments are added, the bias becomes progressively worse.?
This motivates the use of a small set of instruments (adding in more instruments tended to push
the estimates of 1/ closer to 0 for all groups).

The results inTables 6-11 are favorable to the limited participation theory. Table 6 shows
the joint estimation for semiannual data using both the Euler equation for the stock return and
the one for the bond return. For instrument set 1, 1/ is estimated to be 0.335 for stockholders
implying an estimate of v around 3. The estimate of 1/ is significant at the 5 percent level. For
nonstockholders, however, the estimate of 1/ is close to zero. This implies a very large estimate
of 7y, but should rather be interpreted as evidence that the Euler equation for one or both assets
does not hold for nonstockholders. The difference between stockholders and nonstockholders
is even larger for single individual households. When adding more instruments the qualitative
patterns remain the same, but the estimates of 1/~ for stockholders tend to decrease. This could

be a result of adding weak instruments.

*7See e.g. Bound, Jaeger, and Baker (1995) and Donald and Newey (1997) for useful discussions of the literature

on this.
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The larger estimates of 1/ for stockholders are driven by larger estimates for the richest
layer or the two richest layers of stockholders. As mentioned earlier, this could be interpreted
either as lower risk aversion for richer stockholders or as a result of richer stockholders having
better diversified portfolios than less wealthy stockholders. The estimates in Table 8 based only
on the Euler equation for the T-bill return show the same pattern of higher estimates of 1/ for
the richest stockholders thus favoring the heterogeneous risk aversion interpretation.

The estimations in Table 7 and 8 using the stock return and the T-bill return separately both
show larger estimates of 1/ for stockholders than for nonstockholders. For nonstockholders the
estimate of 1/ is positive but insignificantly different from zero even when estimating the Euler
equation for the T-bill return. One interpretation of this finding is that nonstockholders have
a low elasticity of intertemporal substitution (and thus a high risk aversion given the CRRA
preference assumption). Another possibility is that they face frequently binding borrowing
constraints such that not even the Euler equation for the T-bill return hold in all periods.

Differences between stockholders and nonstockholders are also present for quarterly data,
but with lower levels of significance and with the exception of instrument set 2. In this case
differences between stockholders and nonstockholders remain when focusing on singles and the
pattern of higher estimates of 1/v for richer stockholders remains.

The coefficients on Aln (family size), ; for the estimations using all household sizes indi-
cate that the semiannual estimations may be more reliable than the quarterly estimation. For

semiannual data the coefficient on Aln (family size),,; (not shown in the tables) is generally

t+1
around 0.4 for stockholders, and significant for the set of all stockholders or for the two top
layers of stockholders. For nonstockholders the coefficient on Aln (family size),, ; is smaller and
typically insignificant. For quarterly data, the family size variable most often enters with a
negative coefficient for both types of households.

An important negative finding based on the instrumental variables estimations is that there
is no clear tendency for the tests of overidentifying restrictions to reject for nonstockholders but
not for stockholders.

All estimations in Tables 5-10 were repeated under the representative agent assumption
with results fairly similar to the results taking cross-sectional consumption growth heterogeneity

into account. Furthermore, limited information maximum likelihood estimations (for simplicity

without corrections for heteroscedasticity and autocorrelation) gave similar results. Unlike the
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linear GMM estimation, the LIML estimates are not affected by whether Aln Cty; is regressed
on In (14 r;441) or the other way around (assuming the same set of instruments are used). The
estimate of  from the latter regression will be the inverse of the estimate of 1/ from the first
regression.

Overall the instrumental variables results support the hypothesis that focusing on stockhold-
ers lead to much more reasonable risk aversion estimates and thus that limited stock market
participation is an important part of the solution to the equity premium puzzle. The improve-
ment in results compared to the unconditional Fuler equation estimations is likely to be due
to exploiting the time-variation in expected consumption growth and expected asset returns to

estimate the parameters.

3.4.3 Hansen-Jagannathan bound analysis

For reference, the well known HJ bounds and stochastic discount factor points for US per capita
data are reproduced in Figures 3 and 4 for annual and quarterly data respectively. Based on
the estimates in Gourinchas and Parker (1999), the value of the discount rate is set to 4 percent
per year. It is seen that the mean-standard deviation points for the stochastic discount factor
only enter the bound for large and implausible values of risk aversion.?®

However, as discussed in section 3.3.2 on the importance of matching, the growth rate of
per capita consumption is too large since it includes the effect of replacing the oldest cohort
no longer alive at ¢ + 1 with a younger richer cohort. Campbell (1992) pointed this out as a
potential problem for Hansen-Jagannathan bound analysis but did not derive the precise effect.
If aggregate consumption is lognormal, AlnC#, | ~ N (p,0?), then

CT 7 1,2 2 1,2 2
E (Mt) =F1§ t4+1 = e TH (§e27° , vV (Mt) — e B SV O 6720—2 ~1).
( ( cr G ( )

Thus reducing 1 amounts to rescaling E (M;) and /V (M) by the same factor. It therefore

moves the point in the HJ diagram corresponding to a given value of v along a line from the

8 An interesting recent paper on Hansen-Jagannathan bound analysis is Luttmer (1996). He shows that there
is little evidence against power utility specifications with a low risk-aversion parameter when proportional trans-
actions costs are allowed for. It remains to be determined if actual transactions costs are mostly proportional and

sufficiently large.
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original point to (0,0).

The consumption literature documents hump shaped consumption profiles over the lifetime,
with little difference between consumption when old and when young, see e.g. Gourinchas and
Parker (1999). Therefore, the cohort adjustment amounts (approximately) to adjusting p down
by the rate of technological progress ¢.2? Estimates of the rate of technological progress are
about 2 percent per year for the period in focus, see for example Blanchard and Fischer (1989),
Chapter 1. Based on this, the second curve of points in Figures 3 and 4 shows the values of
E (M;) and \/m when adjusting the US per capita consumption growth rate by the factor
T%m for the annual data and Wl(m for the quarterly data. Now, the stochastic discount factors
pass close under the bound for much smaller values of risk aversion, around 12 for annual data
and around 30 for quarterly data. Thus, the cohort adjustment fundamentally changes the
results.

There is still a central role for the stockholder-nonstockholder distinction. This is clear from
the CEX results shown in Figures 5 to 8. When using all households, the stochastic discount
factor for stockholders enters the bound at v = 10 for semiannual data, and v = 11 for quarterly
data.’ These estimates should be adjusted up a bit due to the downward bias documented in
the Monte Carlo study. Thus the risk aversion estimate for stockholders based on HJ analysis
is a bit above 10 or 11 when using a representative agent assumption. The stochastic discount
factors for nonstockholders do not enter the bound at any value of ~. Notice furthermore how
the points corresponding to the set of all households (but matched across periods to avoid the
cohort problem) look similar to the points based on the cohort adjusted aggregate data.

For single individual households the stockholder-nonstockholder distinction remains impor-
tant. None of the points enter the bound due to lower consumption growth for single family
households. However, the points for stockholders come very close to the bound for v = 2 for

both the semiannual and the quarterly data. Again, these values should be seen as lower bounds

29Quppose individuals live economically independent of their parents from age 20 to 80. Denote the consumption

level of a 20 year old in period ¢ by C. Then with flat consumption profiles over the lifetime of each individual

. ck. c(+9)++01+9)°)
and : g St
(and aside from shocks) ol T GH(tet+(1+9)%0)

E (A In C{’H) = 0 for each individual h. The adjustment is of similar magnitude with hump shaped lifetime

=1+g. Thus AlnC%; = In(1+g) ~ g, whereas

consumption profiles.
Including A ln(family size) along with the seasonal dummies in the construction of the scasonally adjusted

consumption data for the HJ bound analysis made little difference.
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for risk aversion based on the results of the Monte Carlo study.

It remains to consider the role of idiosyncratic risk. As discussed earlier, measurement
error makes it difficult to use the micro data for this purpose. However, under lognormality
assumptions one case at least theoretically derive the role of idiosyncratic risk by generalizing
the results of Constantinides and Duffie (1996). Appendix B gives the derivation. It is a slight
generalization of teaching material from John Campbell’s asset pricing class at Harvard (all
errors are mine). The only change is that I allow for consumption growth rates which are not

independent over time. The derivation shows that
1
Mtrﬂ_l = M’tj_ﬁl exp <§7 (Y+1) Vhin [A log C’{Zrl} + ycov 141 [log Cth, Alog Cthﬂ} >

.
ch . . . .
MEH =Epiq1 |6 < (f,f) is the stochastic discount factor based on cross-sectional summa-
t

tion of the stochastic discount factors for a group of households. If all households in the group
participate in the asset market in focus. M = (%{[ggﬂ > v is the stochastic discount
factor for this group of households when a representative ag’;ent within the group is assumed. It is
assumed that the cross-sectional distribution of consumption is lognormal at each date. The for-
mula shows that if Vj, ;1 [A log C’f_ﬂ] and covp, 11 [log Cl, Alog C’f_ﬂ] are (approximately) con-
stant over time, accounting for idiosyncratic risk amounts to adjusting E(M%4) and \/WIW
by the factor exp (%fy (v+1)V, [Alog Cth+1] + 7ycovy, [log Ch, Alog Cth+1] ). Constantinides and
Duffie (1996) assume i.i.d. consumption growth rates and their results therefore do not have the
covariance component. As for the cohort adjustment derived earlier, the adjustment to account
for idiosyncratic risk amounts to moving the point for a given value of v along a line from the
original point to (0,0). I drew in one of these lines in each of Figures 3-8. The line shown is
the one such that adjustment along the line for this value of v would make the point enter the
bottom of the HJ bound (for the right amount of adjustment). In Figures 5-8 the adjustment
line drawn is for the stochastic discount factor points for stockholders.3!
It is not clear whether the points should be moved left or right along these lines.

Vht+1 [A log C’[LH] is positive, but covp 141 [log Ch, Alog C’thﬂ] is negative if consumption growth
rates are mean reverting. Measurement error makes it very difficult to estimate either of

Vht+1 [A log C’{LH] and covp 141 [log C’th, Alog Cth_H] based on micro data and I did not attempt

31 Lettau (1998) also consider the effect of idiosyncratic risk on the stochastic discount factors. However, he

V(My)
E(My)

focuses on the ratio which under the above assumptions is unaffected by idiosyncratic risk.
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such an estimation.

In sum, the HJ analysis shows that when assuming a representative agent within groups, the
stochastic discount factor for stockholders enters the HJ bound or come close to the HJ bound for
much smaller values of risk aversion than was the case for the (unadjusted) aggregate US. This is
not the case for nonstockholders. Unfortunately, measurement error makes it difficult to adjust
for idiosyncratic risk within groups, but it was shown theoretically that such an adjustment could
move the points either left or right. Given the difficulties with implementing this adjustment I
did not attempt to calculate standard errors for the stochastic discount factor points. Luttmer

(1996) gives standard errors for the bound.

4 Conclusion

I conclude that limited stock market participation should be considered an important part of the
solution to the equity premium puzzle. The theoretical section showed that under the condition
that the conditional correlation of nonstockholder consumption growth with stock returns is
zero, estimation of Euler equations involving stock returns without excluding nonstockholders
will result in an upward biased estimate of relative risk aversion. The bias is given by the factor
1/A, where A is the fraction of stockholders in the population.

This hypothesis was tested using micro consumption data from the Consumer Expenditure
Survey. Differences in risk aversion estimates for stockholders and nonstockholders are large,
although the results differ somewhat across data frequencies and instrument sets. The empirical
section furthermore showed that the distinction between stockholders and nonstockholders is
important for Hansen-Jagannathan bound analysis. A negative finding in the empirical analysis
was that tests of overidentifying restrictions on the Euler equations do not consistently reject

for nonstockholders.
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5 Appendix A. Monte Carlo study of the effects of measurement

error

5.1 Part 1. The benefits of log-linearization for Euler equation estimation

Table 2 shows the results of a small scale Monte Carlo simulation of the properties of four different
risk aversion estimators. T is kept fixed and the simulation shows the effect of increasing H on
the small sample properties of the four estimators. This is done for several different values of
the standard deviation of the measurement error in consumption.

All four risk aversion estimators are based on the Euler equation for the excess return on
stocks over T-bills. Thus the Euler equation contains only one preference parameter . For
simplicity I do not consider situations in which instruments are available (the basic points should
carry over to this case). The four estimators differ in whether they are based on log-linearized
Fuler equations or not, and in whether the Euler equation assumes a representative agent or

not.

1. Nonlinear Euler equation, no representative agent assumption. 7 solves

1 1 ch \ 7
T | g ((;?> (Rsi+1 — Ryp1) | = 0.

2. Log-linearized Euler equation, no representative agent assumption. 7 is given by

1S (In Ryt —InRyei) + 3V (In Ry i)
h
C/(-ﬁ) (1H Rs,t+17 %Eh In <C(ivt1 > )
t

with the standard estimators of variance and covariance.

N =

3. Nonlinear Euler equation, representative agent assumption. 7 solves

1 Ly, ch \ 7
s H=h 41 R - R =0.
T ( %Ehcth’ (Rs t41 fi+1)

4. Log-linearized Euler equation, representative agent assumption: 7 is given by
25t (InRepy1 —InRypyy1) + 3V (In Ry p41)

— £ZRCP
cov | In Rg¢41,In —tiz ol
H~h™t

N =
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The Monte Carlo simulation consists of repeating the following steps a large number of
times in order to be able to characterize the distribution of the each estimator. Each of the four
estimators are method of moments estimators.

Step 1. Draw a time series for each of the three aggregate variables, Aln Cyi1, In (14 Rs ¢11),
and In(1+ Rf;y1). These are assumed joint lognormal with means and variance-covariance
matrix as in the annual US data for the period 1930-1996. The specific data series are as
described in the data section.

Step 2. For each ¢, H idiosyncratic shocks 5?“ are then drawn. These are assumed lognor-
mal, Inel ~ N (O, UIZHE) and independent over time. These shocks represent both genuine cross
sectional variation in consumption growth rates, as well as measurement error. The cross sec-
tional variation in consumption growth rates is assumed independent of the aggregate variables.
Idiosyncratic consumption risk therefore enters the equations in the same way as measurement

32 The value of 012n . is chosen based on the CEX data. For quarterly data the cross-

sectional standard deviation of consumption growth ,/V, (AInC}) equals 0.34 for quarterly

€error.

data seasonally adjusted using monthly dummies.?® The standard deviation of US quarterly
nondurables and services per capita consumption growth for the same period (1982-1995) is

V (AInCy) = 0.04.3' This implies \/V (Alngiq) = +/0.342 — 0.042 = 0.338. Thus the stan-

dard deviation of Alnel, ; is 8 to 9 times larger than that of AlnCyy; in the quarterly data.
Assuming the same ratio for the annual data implies a value of oA = 9 * 0.023 = 0.207
for the annual data.*> With independent measurement errors over time 0% ,,. = 202, ., S0
202 _ = 0.2072 or o2 _ = 0.021. Since this is only a rough calibration, the sensitivity of the

results to various values of this parameter is considered. Table 2 gives the parameter choices in

32By definition idiosyncratic consumption shocks are not correlated with the stock or the bond return. Thus

for the present purposes, idiosyncratic consumption shocks have the same effect on the properties of risk aversion

estimators as measurement errror.
33 This is the average value of the standard deviation across periods, the values for each period vary around this

value. The calculations are based on my CEX sample which excludes observations for which Cthﬂ /CP is above 5

or less than 2.
31The US data are seasonally adjusted by the BEA using a variety of the X11 method. Unadjusted US data

were not available.
The consumption measure used is US per capita log consumption growth of nondurables and services, 1930-96.

I use the "* notation here since I assume that aggregate consumption is not measured with error.
350.023 is the standard deviation of annual US per capita log consumption growth of nondurables and services,

1930-96.
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terms of oA since this is easier to interpret.

Step 3. Calculate the value of each of the four estimators. This step is time consuming since
the values of the two risk aversion estimators based on the nonlinear Euler equations must be
calculated using grid search. This is necessary because there are no, one or several values of
which sets the moment equal to zero, depending on the draw of the data. Without measurement
error, the moment is a monotonic downward sloping function of v for both estimator 1 and 3
with a unique value of v settting it equal to zero. With measurement error this not always the
case. These features of the solution were determined by plotting the moments against ~ for
many different draws of the data. I focus on the cases where the moment is positive at very
low values of 7, negative at very positive values, and has a unique value of v that sets it equal
to zero. These are referred to as cases for which the estimator has a ’'valid’ solution. The grid
search was done over the interval —150 and 150 with 301 grid points. For the cases with a valid
solution the estimate found by grid search is chosen to be the point half way between the two
relevant grid points, and will thus by at most 0.5 away from the exact value of v which sets the
moment equal to zero.

The current results are based on 1500 Monte Carlo iterations. This is sufficient to illustrate
the main features of the results. More iterations are needed to calculate the precise means,
medians, and percentiles of the estimators and will be provided for the next draft of the paper.
Figure 1 illustrates the results for oA = 0.15. Each graph has 1500 points corresponding
to the 1500 Monte Carlo iterations. On the horizontal axis, the estimate based on the log-
linearized model for the case with no measurement error is plotted (without measurement error,
and with the data being joint lognormal, it has very little effect whether the Euler equation is
log-linearized or not). On the vertical axis in the top three pictures, the values of estimators 1
and 2 are plotted. In the bottom three pictures the values of estimators 3 and 4 are shown. If
a given estimation procedure was little affected by measurement error in consumption, then all
the points should lie close to the 45 degree line. For large H, H = 1000, this is what is found
for estimator 2 and 4 based on log-linearized Euler equations. The lower H, the more scattered
the points are around the 45 degree line. For estimators 1 and 3 based on the nonlinear Euler
equations, the cases for which a valid solution for the estimator is not available are plotted
as zeros. The percent of cases for which a valid solution is available is around 40 percent for

estimator 1 and 50 percent for estimator 2. The graph clearly shows that even when a valid
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solution is available it may be far from the solution for the case with no measurement error
(and the same draw of the aggregate variables). Table 2 provides detailed statistics from the
simulation for various values of H and oa1,.. Notice that even for a1, = 0.05, substantially
smaller than what the CEX data suggest, the problem of no valid solution for the nonlinear
Euler equations still occurs quite frequently. It seems fair to conclude that with measurement
error, log-linearization is preferable. Furthermore, except for H = 25, estimators 2 and 4 based
on the log-linearized Euler equation are typically close to the estimators for the case with no
measurement errors. They are close to median unbiased and have 95 percent confidence intervals
close to those when no measurement errrors are present, cf. Table 2. The confidence intervals
are wide (as is the case in the corresponding estimation based on actual data), suggesting that
more moments should be used. The main point that log-linearization is benefical should carry
over to this case.

The following simple calculation provides some intution for the poorer small sample proper-
ties of estimates based on the nonlinear Euler equations. In the log-linearized model, consump-

tion enters as

— (A In C{L_H) = —7y (A In Cll-f—*l) —vy(Alnepyr).
whereas in the original nonlinear Euler equation consumption enters as
- hyx \ —7 -
Cth+1 _ Ct+*1 5?+1
ct ) )

Suppose Aln Cth+*1 ~ N (u, 02) ,Alnegg ;1 ~ N (O,UQAIHE) ,and Aln Cgfl and Alneyyq indepen-

dent. Define k£ = %. Then

Vv, = V(=7 (Alneyy)) :]WZUZ -k

v(—y(amcty)) 7o

V 5?_4,1 o 2 .2 2 2
e ekr'e (el‘” o — 1)

Vo = = .
2 B \ 7Y e—2vrer?0? (67202 _ 1)
V Ct+1
To,x
Ct

Suppose that 0. = 90 as suggested above. Then k& = 81. In addition, suppose p = 0 and
0% = 0.023% = 0.000529. Then for v = 1, V5 = 86, but for v =5, Vo = 415 and for higher v, V3

is very large. Thus, unless risk aversion is very low, the variation in the consumption term which
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enters the Euler equation will be substantially more dominated by variation in the measurement
error part in the nonlinear Euler equation than in the log-linearized Fuler equation. Thus
one would expect poorer properties of risk aversion estimators based on the nonlinear Euler

equations.

5.2 Part 2. The effect of measurement error on stochastic discount factors

Figure 2 shows the Monte Carlo simulation for the stochastic discount factors under a represen-
tative agent assumption. The data generating process is as for the above Monte Carlo exercise.
For a given v, the values plotted are the medians of Std (M) and E (M) across the 1500 Monte
Carlo draws. The top left picture shows the benchmark case of no measurement error or id-
iosyncratic shocks. The other three pictures correspond to different values of H. The shape of
the curves are seen to be largely unaffected by the presence of measurement error (due to the
representative agent assumption). However, for H = 25 | the value of v corresponding to a
given point on the curve is only about half the value at the corresponding graph based on no

measurement error. This problem diminishes with larger H.
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6 Appendix B. Derivation of aggregation correction for stochas-

tic discount factor

Let Mtj_;_l = Eh,t+1

Ch - . . .
1) ( é*,;l> ] be the stochastic discount factor based on cross-sectional
t

summation of the stochastic discount factors for a set of households. Furthermore, let ]V[tlﬁ =

Enepa[Clo]\ - . .

0 <%> be the (invalid) stochastic discount factor based on a representative agent
h,t|“t

assumption. Assume that the cross-sectional distribution of consumption is lognormal at each

date: log Cl" ~ N (p,07) V¢ (Al). Then
—
Cia
ct
Cta\ G\
log (( o log CF by ass. Al.

1
= log6 —VEpii1 [A log C{;l} + 57 Vhet [A log C{LH}

Ener [C14]
loth]E = 10g6+log<<M> )

Eny [C]]

log MtT+1 = logd +log Ep, 141

1

= logd + Ep.ty1 + 2Vh,t+1

— 10g8 —710g Ens41 |Clia | +710g Ene [CF]

] 1
= logd—7 <Eh7t+1 [log CthH + QVh’tH [log C[Zrl})
1

+v (Eh,t [log Cth} + 3

Vit |log C{LD

= logd —vEh 41 [A log CthH: — %7 (Vh,t+1 [log C’fﬂ} — Vi [log CthD

7 1 Vh,t—i—l A IOg Ch
= logé —vEp+1 {A log Cf' 1| — 57 [ )

+2covp, 141 [log Ch, Alog Cth+1]
The last line follows from the identity log Cf; = log C/" + Alog C!", ;. Thus
log MEH = log Mﬁﬁl + %72Vh7t+1 [A log Cthﬂ}
+%7 <Vh,t+1 [A log Ctthl} + 2covp,t41 {108; Ct, Alog CfﬂD
= log M{H + %’Y (Y +1) Vags [A log Ctthl} + ycovn i1 [log Ct', Alog Cth+1}

or

1
ML, = M4 exp (57 (Y + 1) Va1 [A log Cth+1} + YCOUR 111 [log Ch, Alog thD :
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Figure 1. Monte Carlo simulation of properties of risk aversion estimates based on
log-linearized Euler equations versus nonlinear Euler equations, just identified case, 1500
Monte Carlo iterations, oA, = 0.15. Points along the horizontal axis represent cases where

the nonlinear Euler equation did not have a ’valid’ solution (see text for definition of 'valid’)
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a. No measurement error (benchmark) b. H=25, with measurement error
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Figure 2. Monte Carlo simulation of properties of stochastic discount factors when
consumption is measured with error. 1500 Monte Carlo iterations, oA = 0.15, median of
standard deviation of stochastic discount factor plotted against median of mean of stochastic

discount factor, representative agent assumption, discount rate 4 percent p.a., v =1, ..., 20.
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Figure 3. Hansen-Jagannathan bound. Annual US per capita data, nondurables and services
consumption, NYSE value weighted and T-bill returns, 1929-1996, discount rate 4 percent p.a.,
v=0,1,...,50
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Figure 4. Hansen-Jagannathan bound. Quarterly US per capital data, nondurables and
services consumption (seasonally adjusted by the BEA), NYSE value weighted and T-bill
returns, 1946:1-1996:4, discount rate 4 percent p.a., v = 0,10, 20, ..., 300
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Figure 5. Hansen-Jagannathan bound. Semiannual CEX data, all household sizes, nondurables
and services consumption (seasonally adjusted using seasonal dummies), NYSE value weighted
and T-bill returns, 1982 (first half)-1995 (first half), discount rate 4 percent p.a.,
v=0,1,2,...,30
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Figure 6. Hansen-Jagannathan bound. Semiannual CEX data, single individuals, nondurables
and services consumption (seasonally adjusted using seasonal dummies), NYSE value weighted
and T-bill returns, 1982 (first half)-1995 (first half), discount rate 4 percent p.a.,
v=0,1,2,...,30
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Figure 7. Hansen-Jagannathan bound. Quarterly CEX data, all household sizes, nondurables
and services consumption (seasonally adjusted using seasonal dummies), NYSE value weighted

and T-bill returns, 1982:1-1995:2, discount rate 4 percent p.a., v =0,1,2,...,30

4.5
4r HJ bound 7
T
3.5 bl
3r i
M based on CEX per household
= 2.5 consumption growth 7
UE) oL Stockholders
All households
Nonstockholders
1.5F
1Adjustments move o«
points along line e
0.5 with this slope e J
O 1 1 1 )1' 1 1 1
0.7 0.8 0.9 1 1.1 1.2 1.3
EM)

Figure 8. Hansen-Jagannathan bound. Quarterly CEX data, single individuals, nondurables
and services consumption (seasonally adjusted using seasonal dummies), NYSE value weighted

and T-bill returns, 1982:1-1995:2, discount rate 4 percent p.a., vy =0,1,2,...,30
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Data Group Mean number Mean of Standard deviation

of observations Ef;lA InCl, of EhHLIA InCf,

per month over the sample over the sample
Semiannual, All 218 0.003 0.025
all household sizes Stockholders 50 0.013 0.043
Nonstockholders 168 0.0005 0.028
Bottom layer 11 0.022 0.085
Middle layer 11 0.002 0.098
Top layer 11 0.011 0.102
Semiannual, All 55 0.002 0.046
single individual Stockholders 11 0.015 0.099
households Nonstockholders 44 -0.0002 0.053
Quarterly, All 639 0.0003 0.022
all household sizes Stockholders 143 0.007 0.032
Nonstockholders 496 -0.002 0.024
Bottom layer 31 0.008 0.061
Middle layer 32 0.005 0.056
Top layer 32 0.010 0.080
Quarterly, All 150 -0.001 0.038
single individual Stockholders 30 0.009 0.075
households Nonstockholders 120 -0.004 0.042
Bottom layer 6 -0.005 0.172
Middle layer 7 0.013 0.165
Top layer 7 0.007 0.215

Note: Ef;lA In Cy41 is seasonally adjusted using seasonal dummies. The seasonally adjusted value is the
mean of the series plus the residual from a regression on 12 dummies.

Table 1: Summary statistics, CEX data, 1982-1995



Pct of cases
with unique
’valid’ solution

Median(7)

E®)

[ '/Y\0.0ZS; 7)/\0.975 ]

Std.(9)

Corr(7,

~
Ylog-lin., no meas. error)

No idiosyncratic risk/measurement error

Log-linearized 100.0 25.9 27.3 [9.1,51.2] 10.9
Nonlinear 100.0 23.7 25.3 [ 8.2, 50.8 ] 114
Idiosyncratic risk/measurement error, no representative agent assumption
0AIne = 0.05
Log-linearized H=25 100.0 25.7 271 [ 8.8, 53.7 ] 111 0.97
H=250 100.0 25.5 27.1 [9.7,52.9] 111 1.00
H=1000 100.0 25.7 26.8 [8.1,51.1] 11.0 1.00
Nonlinear H=25 75.5 22.5 243 [7.5,55.5] 11.6 0.38
H=250 84.7 22.5 24.3 [ 8.5,49.5] 11.3 0.52
H=1000 86.7 22.5 24.2 [6.5,47.5] 11.7 0.55
oAame = 0.15
Log-linearized H=25 100.0 26.1 26.5 [10.7,57.9] 94.8 -0.02
H=250 100.0 254 26.5 [10.2,46.5 ] 11.3 0.97
H=1000 100.0 26.1 273  [11.5,33.7] 11.0 0.99
Nonlinear H=25 40.7 16.5 23.3 [ 5.5, 85.5] 20.3 0.10
H=250 42.1 18.5 23.7 [7.5,76.5 ] 17.9 0.13
H=1000 43.1 20.5 26.3 [ 6.5, 96.5 ] 20.6 0.14
OAlne = 0.30
Log-linearized H=25 100.0 24.2 41.8 [-67.8,183.0] 458.7 0.09
H=250 100.0 25.6 27.5 [ 8.8, 59.8] 13.0 0.87
H=1000 100.0 25.9 274 [ 8.8, 52.4] 11.3 0.97
Nonlinear H=25 30.6 10.5 16.8  [5.5,49.5] 17.2 0.03
H=250 29.9 12.5 17.7 [ 6.5,45.5 ] 17.3 0.05
H=1000 33.3 13.5 19.4 [7.5,52.5] 18.8 0.07
Idiosyncratic risk/measurement error, representative agent assumption
O0Ane = 0.05
Log-linearized H=25 100.0 258 271 [ 8.6, 53.0 ] 11.5 0.97
H=250 100.0 26.0 27.3 [8.1,51.5] 11.0 1.00
H=1000 100.0 25.5 27.0 [ 8.4, 53.1] 114 1.00
Nonlinear H=25 83.7 22.5 24.4 [7.5,52.5] 12.0 0.48
H=250 91.2 23.5 243 [7.5,47.5] 10.8 0.58
H=1000 93.0 22.5 24.2 [7.5,50.5] 10.9 0.66
OAne = 0.15
Log-linearized H=25 100.0 25.9 29.0 [10.5,61.7] 32.8 0.34
H=250 100.0 25.5 27.1  [11.2,48.3] 12.0 0.97
H=1000 100.0 25.3 26.9 [10.9, 46.2 ] 10.9 0.99
Nonlinear H=25 43.9 18.5 23.9 [7.5,80.5] 18.1 0.12
H=250 50.5 20.5 275 [ 7.5,106.5 ] 22.6 0.24
H=1000 95.1 20.5 24.2 [7.5, 75.5] 15.6 0.21
OAlne = 0.30
Log-linearized H=25 100.0 24.7 54.0 [-82.8,159.1] 488.8 0.03
H=250 100.0 26.2 28.3 [ 8.2,59.2] 15.1 0.83
H=1000 100.0 25.6 271 [ 8.6, 55.7 ] 11.6 0.97
Nonlinear H=25 33.9 13.5 19.8 [5.5,83.5] 19.8 0.00
H=250 35.5 15.5 21.6 [7.5,82.5] 17.8 0.06
H=1000 374 16.5 23.9 [7.5,87.5] 23.9 0.11

Note: The statistics shown in the last 6 columns are for the cases where a valid solution for the estimator is
found. The true value of risk aversion in the simulation is 25.3. See text for calibration of parameters.

Table 2: Monte Carlo simulation of properties of risk aversion estimates based on log-

linearized Euler equations versus nonlinear Fuler equations, just identified case,
1500 Monte Carlo iterations.



Data ~ 95 pct bootstrap confidence
interval, data assumed i.i.d.
[percentile]
[bias-corrected]
US annual, 1930-96
Using Ry 195.0 [ -1587.9, 1729.2 ]
[ 37.7, 152697.2
Using R; 1 25.3 [7.3,70.5]
[6.2,65.4 ]
US quarterly, 1947:2-1996:4
Using R; 358.2 [ 107.1, 1915.9 |
[ 109.8, 1959.3 ]
Using Ry—1 253.2 [ 111.9, 634.9 ]
[ 107.3, 608.2 ]

Table 3: Calibration of v based on log linearized Euler equations, US per capita data,
nondurables and services



Data Group

5 95 pct bootstrap confidence 95 pct bootstrap confidence
interval, data assumed i.i.d. interval, nonoverlapping blocks
[percentile] [percentile]
[bias-corrected] [bias-corrected]
CEX semiannual, All -2150.8 [-2192.9, 2230.3 ] [ -1400, 1571 |
No representative [ -3225788, -2112.4 ] [ -384773, -3287 ]
agent assumption  Stockholders 51.4 [-225.8, 408.1 ] [ -350.5, 481.6 ]
[ -98.3, 621.4 ] [-198.1, 672.4 ]
Nonstockholders -147.1 [-1574.3, 1412.3 ] [ -1207, 1200 ]
[-28773.5, 103.3 ] [-47613 -21.4 ]
Bottom layer 2020.7 [-796.1, 809.2 ] [-971.5, 1046.9 |
[ 5809.3, 250055.6 | [ 3791, 211073 |
Middle layer 107.1 [-612.9, 554.2 ] [-525.6, 487.1 ]
[32.8, 112487.3 | [ 33.0, 164295 |
Top layer 454 [ -413.3,449.4 ] [-391.3, 431.6 ]
[-39.4, 6111.4] [-23.9, 6100 ]
CEX semiannual, All 240.9 [-1761.1867.1] [-1339, 1313 ]
Representative [ 66.0, 380215.4 ] [ 79.3, 489245 |
agent assumption  Stockholders 35.6 [ 5.6, 220.5 ] [-116.6, 255.6 |
[0.1,253.2] [-67.3, 286.3 ]
Nonstockholders -169.6 [-1525.4, 1482.1] [ -1062, 1027 |
[-153848.2, -23.4 ] [-188299, -32.8 ]
Bottom layer 56.3 [-498.8, 611.1 ] [-614.4, 666.9 ]
[-43.9, 11449.0 ] [-94.9, 4698 |
Middle layer 108.1 [-608.5, 610.4 ] [-560.5, 622.6 ]
[31.8, 577093.2 ] [29.2, 158756 ]
Top layer 42.7 [-373.2, 405.9 ] [-352.8, 362.9 ]
[-16.3, 6880.1 ] [0.5, 14195 ]
CEX quarterly, All 814.8 [-1378.1, 1552.6 ] [ -1244.8, 1392.5 ]
No representative [ 472.6, 8245345 | [ 501.6, 774952.3 ]
agent assumption  Stockholders 55.4 [ -287.7, 458.5 ] [ -402.8, 650.8 ]
[-189.8, 531.0 ] [-294.9, 791.1 ]
Nonstockholders -300.7 [-1204.8, 1350.2 ] [ -1050.9, 1041.0 ]
[-2993930, -93.0 ] [-3734607, -105.6 |
Bottom layer 29.3 [-187.6, 5.3 ] [-161.0, 0.6 ]
[-206.9, -6.6 ] [-173.9,-0.8 |
Middle layer 22.3 [5.8,109.9 ] [-0.7, 163.7 ]
[5.6,106.2 ] [-2.2, 146.8 ]
Top layer 12.7 [4.0,41.7] [1.2,526]
[3.6,37.4] [0.1,43.9]
CEX quarterly, All 226.8 [-1435.3, 1461.1 ] [ -1427.4, 1437.6 ]
Representative [ 66.0, 334013 | [ 56.6, 357406.6 |
agent assumption  Stockholders 51.2 [ -398.6, 540.9 ] [ -484.3, 585.6 ]
[-200.7, 929.8 | [-205.6, 1210.6 |
Nonstockholders -260.6 [-1490.1, 1488.0 ] [ -1365.6, 1255.9 ]
[-1855291, -72.5 ] [-500145.2, -71.1 ]
Bottom layer -37.0 [ -328.8, 275.6 | [ -302.8, 250.7 ]
[-007.4, 82.5 ] [-860.1, 58.2 ]
Middle layer 24.0 [2.1,154.4] [-27.7,186.7 ]
[4.33,175.3 ] [-7.1,199.5 ]
Top layer 13.2 [3.1,724] [-35.5,98.2 ]
[2.0, 60.5 ] [-39.8, 95.0 ]

Note: The stock return used is the real value weighted NYSE return. The bond return is the real return on
T-bills. 20000 bootstrap iterations. See text for bootstrap methodology

Table 4: Calibration of v based on log linearized Euler equations, CEX data, all household

sizes, 1982-1995



Data Group ~ 95 pct bootstrap confidence 95 pct bootstrap confidence
interval, data assumed i.i.d. interval, nonoverlapping blocks
[percentile] [percentile]
[bias-corrected] [bias-corrected]
CEX semiannual, All -45.8 [-412.9, 277.3 ] [ -602.5, 494.1 ]
No representative [-744.7,121.9 ] [ -2289.4, 129.2 ]
agent assumption  Stockholders 64.2 [ -495.8, 498.5 | [ -442.9, 463.4 ]
[ 16.5, 30107.1 ] [ 15.5, 27868 |
Nonstockholders ~ -30.8 [-185.2,-8.5] [ -277.5,177.6 ]
[-194.2,-8.8 ] [ -356.8, 107.3 ]
CEX semiannual, All -57.4 [-618.1, 553.0 ] [ -620.9, 559.9 ]
Representative [ -4643.2, 553.0 ] [-12387, 40.0 ]
agent assumption  Stockholders -54.8 [ -437.2, 420.0 ] [ -431.9, 420.3 ]
[ -128754.7,-13.5 ] [ -37460, -9.6 |
Nonstockholders -58.4 [ -685.4, 540.6 ] [-774.4, 666.8 ]
[-3138.1, 98.0 ] [ -8600, 68.5 ]
CEX quarterly, All -660.5 [ -940.2, 1026.9 | [ -840.4, 845.2 ]
No representative [ -530768.9, -469.2 ] [ -801918.0, -557.2 ]
agent assumption  Stockholders 19.7 [-101.7, 166.2 | [-70.9, 168.6 ]
[-61.9, 204.5 ] [ -66.8, 168.6 ]
Nonstockholders -73.0 [-735.7, 740.8 ] [-736.6, 679.8 ]
[ -25594.9, 740.8 ] [-67121.2,-1.0 ]
Bottom layer -16.7 [-181.3, 160.4 ] [99.7, 178.1]
[-765.0, 33.4 ] [-196.2, 182.7 ]
Middle layer 15.6 [-139.5, 168.8 ] [ -820.3, 46.2 ]
[ -35.7, 168.8 | [ -46.9, 298.3 |
Top layer 4.5 [14,12.7] [04,14.2]
[1.3,11.9] [0.2,13.0]
CEX quarterly, All 48.2 [-369.4, 472.3 | [-381.4, 485.0 |
Representative [ -62.6, 2456.3 ] [-75.9, 1662.3 ]
agent assumption  Stockholders 12.6 [24,77.2] [0.9,62.8]
[24,77.2] [0.3,54.0]
Nonstockholders  -102.1 [ -835.9, 870.4 ] [ -834.9, 818.8 ]
[ -55918.8,-14.6 ] [ -366409.3, -13.7 ]
Bottom layer -17.7 [-180.6, 168.3 ] [ -206.5, 182.6 ]
[-1434.1, 22.7 ] [-1833.6,21.2 ]
Middle layer 13.1 [-111.7, 141.2 | [-70.3, 120.6 ]
[ 36.3, 357.6 ] [-35.4, 166.7 ]
Top layer 3.8 [1.2,11.0] [04,11.9]
[1.1,10.5] [02,11.2]

Note: The stock return used is the real value weighted NYSE return. The bond return is the real return on
T-bills. 20000 bootstrap iterations. See text for bootstrap methodology

Table 5: Calibration of v based on log linearized Euler equations, CEX data, single indi-

viduals households, 1982-1995



Instrument set 1 Instrument set 2 Instrument set 3

Test of overid., 1

Test of overid., Test of overid.,

2 |=)
2=)
2

(std. error) df=1, p-value (std. error) df=5, p-value (std. error) df=5, p-value

All household sizes

All 0.027 0.030 0.018
(0.038) 0.153 (0.030) 0.427 (0.033) 0.688

Stockholders 0.335 0.284 0.184
(0.112) 0.187 (0.094) 0.675 (0.064) 0.271

Nonstockholders 0.003 0.010 0.000
(0.023) 0.401 (0.012) 0.495 (0.022) 0.919

Bottom layer 0.140 0.054 0.045
(0.147) 0.119 (0.101) 0.565 (0.048) 0.713

Middle layer 0.016 0.107 0.033
(0.090) 0.661 (0.129) 0.764 (0.028) 0.530

Top layer 0.748 0.602 0.402
(0.303) 0.055 (0.254) 0.382 (0.167) 0.095

Single individual households

All 0.141 0.041 0.135
(0.150) 0.250 (0.059) 0.300 (0.093) 0.414

Stockholders 0.838 0.445 0.414
(0.369) 0.136 (0.259) 0.161 (0.182) 0.529

Nonstockholders 0.009 -0.008 0.028
(0.067) 0.630 (0.017) 0.487 (0.068) 0.572

Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include A ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 6: GMM estimation of log linearized Euler equation. Joint estimation using real
value weighted NYSE return and real T-bill return. No representative agent
assumption. CEX, 1982-1995. Semiannual data.



Instrument set 1 Instrument set 2 Instrument set 3

% % Test of overid., % Test of overid.,
(std. error) (std. error)  df=2, p-value  (std. error)  df=2, p-value
All household sizes

All 0.092 0.062 0.071
(0.069) (0.061) 0.159 (0.059) 0.521

Stockholders 0.253 0.227 0.183
(0.104) (0.085) 0.426 (0.067) 0.184

Nonstockholders 0.059 0.021 0.049
(0.077) (0.068) 0.144 (0.067) 0.673

Bottom layer 0.214 0.117 0.129
(0.168) (0.121) 0.302 (0.099) 0.514

Middle layer 0.117 0.260 0.159
(0.277) (0.202) 0.673 (0.245) 0.195

Top layer 0.552 0.521 0.326
(0.346) (0.268) 0.251 (0.193) 0.037

Single individual households

All 0.173 0.011 0.239
(0.138) (0.101) 0.049 (0.107) 0.583

Stockholders 0.601 0.366 0.517
(0.339) (0.217) 0.027 (0.202) 0.931

Nonstockholders 0.062 -0.070 0.133
(0.128) (0.114) 0.133 (0.114) 0.325

Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include A ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 7: GMM estimation of log linearized Euler equation. Real value weighted NYSE
return. No representative agent assumption. CEX, 1982-1995. Semiannual data.



Instrument set 1 Instrument set 2 Instrument set 3

% % Test of overid., % Test of overid.,
(std. error) (std. error)  df=2, p-value  (std. error)  df=2, p-value
All household sizes

All 0.382 0.368 0.254
(0.245) (0.237) 0.226 (0.231) 0.348

Stockholders 0.967 0.976 0.932
(0.440) (0.420) 0.667 (0.442) 0.308

Nonstockholders 0.240 0.210 0.087
(0.281) (0.268) 0.159 (0.244) 0.511

Bottom layer 0.803 0.695 0.773
(0.456) (0.448) 0.388 (0.450) 0.861

Middle layer 0.444 0.598 1.012
(1.152) (1.131) 0.385 (0.962) 0.294

Top layer 2.103 1.980 1.889
(0.692) (0.684) 0.500 (0.680) 0.060

Single individual households

All 0.659 0.538 0.225
(0.460) (0.458) 0.047 (0.422) 0.091

Stockholders 2.288 2.179 1.800
(0.913) (0.868) 0.076 (0.878) 0.263

Nonstockholders 0.237 0.166 -0.147
(0.479) (0.474) 0.128 (0.423) 0.166

Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include A ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 8: GMM estimation of log linearized Euler equation. Real T-bill return. No repre-
sentative agent assumption. CEX, 1982-1995. Semiannual data.



Instrument set 1 Instrument set 2 Instrument set 3

Test of overid., 1

Test of overid., Test of overid.,

2 |=)
2=)
2

(std. error) df=1, p-value (std. error) df=5, p-value (std. error) df=5, p-value

All household sizes

All 0.025 0.125 0.006
(0.079) 0.274 (0.059) 0.084 (0.027) 0.896

Stockholders 0.225 0.131 0.060
(0.181) 0.154 (0.079) 0.284 (0.050) 0.177

Nonstockholders 0.014 0.120 0.003
(0.067) 0.417 (0.059) 0.078 (0.022) 0.972

Bottom layer -0.000 -0.000 0.005
(0.055) 0.713 (0.009) 0.992 (0.010) 0.895

Middle layer 0.463 0.092 0.100
(0.296) 0.235 (0.094) 0.597 (0.115) 0.576

Top layer 0.481 0.553 0.274
(0.316) 0.219 (0.231) 0.274 (0.171) 0.407

Single individual households

All 0.002 0.197 0.009
(0.050) 0.827 (0.101) 0.045 (0.029) 0.879

Stockholders 0.817 0.609 0.118
(0.483) 0.118 (0.180) 0.100 (0.137) 0.151

Nonstockholders -0.000 0.089 -0.000
(0.078) 0.777 (0.078) 0.118 (0.003) 0.998

Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include A ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 9: GMM estimation of log linearized Euler equation. Joint estimation using real
value weighted NYSE return and real T-bill return. No representative agent
assumption. CEX, 1982-1995. Quarterly data.



Instrument set 1 Instrument set 2 Instrument set 3

% % Test of overid., % Test of overid.,
(std. error) (std. error)  df=2, p-value  (std. error)  df=2, p-value
All household sizes

All 0.147 0.230 0.072
(0.144) (0.080) 0.440 (0.098) 0.641

Stockholders 0.256 0.203 0.143
(0.172) (0.087) 0.908 (0.109) 0.074

Nonstockholders 0.119 0.231 0.049
(0.153) (0.084) 0.332 (0.104) 0.720

Bottom layer 0.088 -0.037 0.018
(0.253) (0.139) 0.814 (0.182) 0.507

Middle layer 0.442 0.242 0.247
(0.271) (0.141) 0.513 (0.194) 0.265

Top layer 0.548 0.656 0.374
(0.320) (0.258) 0.766 (0.226) 0.210

Single individual households

All 0.043 0.330 0.092
(0.196) (0.114) 0.291 (0.135) 0.540

Stockholders 0.603 0.545 0.300
(0.433) (0.183) 0.682 (0.221) 0.046

Nonstockholders -0.066 0.251 0.019
(0.240) (0.106) 0.192 (0.148) 0.894

Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include A ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 10: GMM estimation of log linearized Euler equation. Real value weighted NYSE
return. No representative agent assumption. CEX, 1982-1995. Quarterly data.



Instrument set 1 Instrument set 2 Instrument set 3

% % Test of overid., % Test of overid.,
(std. error) (std. error)  df=2, p-value  (std. error)  df=2, p-value
All household sizes

All 0.558 1.059 0.551
(0.508) (0.384) 0.040 (0.503) 0.789

Stockholders 0.995 0.966 1.326
(0.590) (0.507) 0.119 (0.566) 0.097

Nonstockholders 0.436 1.039 0.397
(0.528) (0.407) 0.031 (0.519) 0.887

Bottom layer 0.347 0.307 0.251
(0.952) (0.916) 0.833 (0.935) 0.518

Middle layer 1.689 1.548 1.747
(1.041) (0.987) 0.712 (1.025) 0.939

Top layer 2.072 2.292 2.217
(1.372) (1.327) 0.069 (1.284) 0.320

Single individual households

All 0.165 1.111 0.332
(0.749) (0.687) 0.007 (0.709) 0.495

Stockholders 2.283 2.447 1.960
(1.093) (1.062) 0.026 (1.025) 0.100

Nonstockholders -0.249 0.932 -0.097
(0.879) (0.773) 0.022 (0.816) 0.892

Note: 12 monthly dummies included as explanatory variables and instruments. The estimations for all household
sizes furthermore include A ln(family size) as explanatory variable and instrument. In addition the instrument
sets include the following variables. Instrument set 1: dividend price ratio. Instrument set 2: dividend price
ratio, lagged log real value weighted NYSE return, lagged log real T-bill return. Instrument set 3: dividend
price ratio, default premium, bond horizon premium.

Table 11: GMM estimation of log linearized Euler equation. Real T-bill return. No rep-
resentative agent assumption. CEX, 1982-1995. Quarterly data.



