Asset Pricing with Heter ogeneous Consumersand Limited Participation:
Empirical Evidence

Alon Brav
Duke University

George M. Constantinides
University of Chicago and NBER

Christopher C. Geczy
University of Pennsylvania

Current draft: October 1999

Abstract

The Euler equations of consumption are tested on the household consumption of non-
durables and services, reconstructed from the CEX database. The estimated relative risk
aversion coefficient of the representative household decreases, and the estimated
unexplained mean equity premium decreases, as infra marginal asset holders are
eliminated from the sample. These results provide evidence of limited capital market
participation. The estimated unexplained mean equity premium decreases when the
assumption of complete consumption insurance is relaxed. The estimated correlation
between the equity premium and the cross-sectional variance of the households
consumption growth is negative, as required, if the relaxation of market completenessis
to contribute towards the explanation of the premium. The overall evidence from asset
prices in favor of relaxing the assumption of complete consumption insurance is weak.
An extensive Monte Carlo investigation highlights the relationship between the economic
implications of limited participation and the resulting statistical properties of commonly
used test statistics. The simulation results provide direct evidence relating observation
error in consumption and the resulting small-sample properties of the test statistics.

JEL Classifications: G12, D91, and E21
Keywords: consumption asset pricing models, limited capital market participation, heterogeneous consumers,
incomplete consumption insurance

"We thank John Cochrane, Lubos Pastor and Geert Rouwenhorst for helpful comments. We remain responsible for
errors. Constantinides acknowledges financial support from the Center for Research in Security Prices, University
of Chicago. E-mail addresses: Brav, brav@mail.duke.edu; Constantinides, gmc@gsb.uchicago.edu; Geczy,

geczy @wharton.upenn.edu.



1. Introduction and Summary

In a representative-consumer exchange economy, one set of implications of the equilibrium are
the Euler equations of per capita consumption. In tests of the conditional Euler equations of the
per capita consumption, Hansen and Singleton (1982), Hansen and Jagannathan (1991), Ferson
and Constantinides (1991) and others regject the model.

A related set of equilibrium implications that take into account both the Euler equations of per
capita consumption and the market-clearing conditions are the predictions of a calibrated
economy on the unconditional mean and standard deviation of the market return and the risk-free
rate. Mehraand Prescott (1985) demonstrate that the equilibrium of areasonably parameterized
representative-consumer exchange economy is able to furnish a mean annual premium of equity
return over the risk-free rate of, at most, 0.35%. This contrasts with the historical premium of
6% in U.S. data. Furthermore, as stressed in Weil (1989), the equilibrium annual risk-free rate of
interest is consistently too high, about 4%, as opposed to the observed 1% in U.S. data.

Several generalizations of essential features of the model have been proposed to mitigate its poor
performance. They include aternative assumptions on preferences," modified probability
distributions to admit rare but disastrous events,? incomplete markets,® market imperfections®
and the survival bias of the US capital markets.> Cochrane and Hansen (1992) and K ocherlakota
(1996) provide excellent surveys of thisliterature.

Mankiw and Zeldes (1991), Blume and Zeldes (1993), and Haliassos and Bertaut (1995) present
evidence of limited participation of households in the capital markets. Specifically, they observe
that only a small fraction of individuals and households hold equities either directly or indirectly.
Furthermore, Mankiw and Zeldes (1991) calculate the per capita food consumption of a subset
of households, designated as asset holders according to a criterion of asset holdings above some
threshold. They find that the implied relative risk aversion (RRA) coefficient decreases, as the
threshold israised. Attanasio and Weber (1995) argue that food consumption is a dubious proxy
for total consumption.

The first goal of our paper isto re-examine the asset pricing implications of the l[imited
participation of households in the capital markets, through the Euler equations of consumption.

! For example, Abel (1990), Benartzi and Thaler (1995), Boldrin, Christiano and Fisher (1996), Campbell and
Cochrane (1999), Constantinides (1990), Daniel and Marshall (1997), Epstein and Zin (1991), and Ferson and
Constantinides (1991).

2 See Rietz (1988) and Mehra and Prescott (1988).

3 For example, Bewley (1982), Constantinides and Duffie (1996), Detemple and Serrat (1996), Lucas (1994),
Mankiw (1986), Mehra and Prescott (1985), Storesletten, Telmer and Yaron (1998) and Telmer (1993). Heaton and
Lucas (1997b) investigate empirically the risk factors and demographic variables that explain cross-sectional
differencesin portfolio composition and identify the important role of entrepreneurial risk.

* For example, Aiyagari and Gertler (1991), Alvarez and Jerman (1997), Bansal and Coleman (1996), Basak and
Cuoco (1998), Brav and Geczy (1995), Constantinides, Donaldson and Mehra (1999), Danthine, Donaldson and
Mehra (1992), He and Modest (1995), Heaton and L ucas (1996) and L uttmer (1996).

> However, Jorion and Goetzmann (1999, Table 6) find that the average real capital gain rate of a US equities index
exceeds the average rate of a global equities index that includes both markets that have and have not survived by
merely one percent per year.



We define as asset holders the househol ds that report total assets exceeding a certain threshold
value ranging from $0 to $40,000. We use per capita consumption of non-durables and services
(NDYS), reconstructed from the Consumer Expenditure Survey (CEX) database. We find that the
estimated RRA coefficient decreases, as the threshold is raised and infra marginal asset holders
are eliminated from the sample. Also, the estimated unexplained mean equity premium
decreases, asinframarginal asset holders are eliminated from the sample. These results provide
evi den%e of limited capital market participation and confirm the Mankiw and Zeldes (1991)
results.

Full consumption insurance implies that heterogeneous consumers are able to equalize, state by
state, their marginal rate of substitution. Therefore, the equilibrium in a heterogeneous-
consumer, full-information economy isisomorphic in its pricing implications to the equilibrium
in a representative-consumer, full-information economy, if consumers have von Neumann-
Morgenstern preferences.’” The strong assumption of full consumption insuranceis indirectly
built in asset pricing models in finance and neoclassical macroeconomic models through the
assumption of the existence of a representative consumer.

Bewley (1982), Mankiw (1986), and Mehra and Prescott (1985) suggest the potential of
enriching the asset-pricing implications of the representative-consumer paradigm, by relaxing the
assumption of complete consumption insurance.® With the exception of Constantinides and
Duffie (1996), hereafter CD, the extant research suggests that the potential enrichment is largely
illusory.® CD (1996) find that incomplete consumption insurance enriches substantially the
implications of the representative-consumer model. Their main result is a proposition
demonstrating, by construction, the existence of household income processes, consistent with a
given aggregate income process such that equilibrium security and bond price processes match
the given security and bond price processes. Since the proposition demonstrates the existence of
equilibrium in frictionless markets, it implies that the Euler equations of household (but not
necessarily of aggregate) consumption must hold.

The second goal of our paper isto examine the asset pricing implications of the relaxation of the
assumption of complete consumption insurance. The basis of our empirical investigation isthe

® Brav and Geczy (1995) provide the first confirmation of the Mankiw and Zeldes (1991) results, by using the NDS
per capita consumption, reconstructed from the CEX database. Sections 4.5 and 5 of the current paper contain an
updated and extended version of Brav and Geczy (1995) and subsume the 1995 draft. Related results are presented
in Attanasio, Banks and Tanner (1998) and Vissing-Jorgensen (1999).

7 See Wilson (1968) and Constantinides (1982).

8 There is an extensive literature on the hypothesis of complete consumption insurance. See Altonji et. al. (1992),
Attanasio and Davis (1997), Cochrane (1991), Mace (1991), and Townsend (1992).

® Lucas (1994) and Telmer (1993) calibrate economies in which consumers face uninsurable income risk and
borrowing or short-selling constraints. They conclude that consumers come close to the complete-markets rule of
complete risk sharing although consumers are allowed to trade in just one security in africtionless market. Aiyagari
and Gertler (1991) and Heaton and Lucas (1996, 1997a) add transaction costs and/or borrowing costs and reach a
similar negative conclusion, provided that the supply of bondsis not restricted to an unredlistically low level. The
primary reason why CD (1996) find that incompl ete consumption insurance enriches substantially the asset-pricing
implications of the representative-consumer model is their assumption that the idiosyncratic income shocks are
persistent and their conditional variance is related to the state variablesin a particular way, in contrast to earlier
work which assumes that the idiosyncratic income shocks are transient and homoscedastic.



set of Euler equations of household consumption, as opposed to the Euler equations of per capita
consumption.’® We estimate the unexplained equity premium and the unexplained risk-free rate
under the assumption of incomplete consumption insurance. We find that the estimated
unexplained mean equity premium decreases when the assumption of complete consumption
insurance isrelaxed. We aso find that the correlation between the equity premium and the
cross-sectional variance of the households' consumption growth is negative, as required, if the
relaxation of the assumption of complete consumption insurance is to contribute towards the
explanation of the premium.

The overall evidence in favor of the asset pricing implications in relaxing the assumption of
complete consumption insurance isweak. We report the results of an extensive Monte Carlo
investigation that suggest that the weakness of the evidence may be attributed to observation
error in consumption and to the small-sample properties of the statistics.

Observation error in the consumption datais a major problem both in our investigation and in
related ones. For example, when investigating the limited participation of households in the
capital markets, with threshold level of asset holdings set at $10,000, the minimum number of
householdsin the sampleis merely 95. With such a small number of households, the resulting
estimate of the per capita consumption is noisy. Observation error is even more problematic
when we test the Euler equations of consumption under the assumption of incomplete
consumption insurance. The individual household’s marginal rate of substitution is calculated by
raising the individual household’ s consumption growth to a power equal to the negative of the
RRA coefficient. If the reported consumption growth of even one household is substantially
smaller than one, this household’s marginal rate of substitution is large and may dominate the
weighted average of the marginal rates of substitution.

The standard remedy of trimming the sample of household consumption growth ratesis a
double-edged sword that we apply with caution. The potentially interesting events that help
distinguish between the pricing implications of models of complete and incomplete
consumption insurance are the major uninsurable shocks to a household’ s income, such as
job loss or divorce. If these shocks are uninsurable, they result in household consumption
growth in the tails of the distribution.

The small size of the database, both in cross-section and in time-series, is another major problem
both in our investigation and the related ones. At first sight, this may appear not to be a problem
because the database consists of 64 quarters with typically well over 100 householdsin each
guarter. However, the uninsurable idiosyncratic shocks to the households income growth that
the theory attempts to capture, such as job loss or divorce, are infrequent events relative to the
size of the cross-section and the length of the time-series.

In conducting the simulation, we first investigate our ability to reject the pricing implications of
the ubiquitous compl ete consumption insurance model when the aternative is the incomplete
consumption insurance model. We examine the power of simple statistical tests both for the

19 Related studies include Jacobs (1999), who studies the PSID database on food consumption; and Cogley (1999),
and Vissing-Jorgensen (1999) who study the CEX database on broad measures of consumption.



equity premium and the risk-free rate under the complete consumption insurance null against the
alternative of incomplete consumption insurance. We find that the power islow. Doubling the
number of households and the number of periods in the sample does not mitigate the problem.
Furthermore, plausible observation error in the recorded consumption of the households has a
major impact on the test statistics.

Second, we investigate the size characteristics for the same statistics under the incomplete
consumption insurance null against an unspecified alternative. We identify major problemsin
the size of tests of the asset pricing implications of the incomplete consumption insurance
hypothesis. The simple t-test over-rejects the true null of incomplete consumption insurance
against an unspecified aternative. The problem is much more severe in testing the Euler
equation of the risk-free rate than in testing the Euler equation of the equity premium. Doubling
the number of households and the number of periods in the sample does not mitigate the
problem. Furthermore, plausible observation error in the recorded consumption of the
households has a mgjor impact on the test statistics.

Finally, the interpretation of the estimated correlation between the market premium and the
cross-sectional variance of the households' consumption growth is problematic. Observation
error biases strongly this statistic towards zero. Doubling the number of households and the
number of periodsin the sample does not mitigate the problem.

The paper is organized asfollows. In Section 2, we discuss the theory that motivates the
empirical investigation. In Section 3, we report the results of a Monte Carlo investigation of
observation error and of the small-sample properties of the statistics. In Section 4, we describe
the data sources and the data selection procedure. We also display summary statistics and
present a preview of the equity premium puzzle. The test results under complete consumption
insurance are presented and discussed in Section 5. The test results under incomplete
consumption insurance are presented and discussed in Section 6. In Section 7, we provide
extensions and concluding remarks.

2. Theoretical Considerations
2.1 TheMod€

Our dual goal isto investigate the pricing implications of the limited participation of households
in the capital markets and the incompl eteness of markets that insure against idiosyncratic income
shocks. We focus on the stated goals by making conventional assumptions about other aspects
of the economy.

We consider a set of households, i = 1,...,I, that participate in the capital markets. The
households have time- and state-separable von Neumann-M orgenstern homogeneous preferences
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wherea, a > 0, isthe constant RRA coefficient; b is the constant subjective discount factor; ci; is
the dollar consumption of the i™ household at date t; and F is the date-zero information set that
is assumed common across the households. We assume that the households trade in perfect
capital markets, without frictions, short sale restrictions, or taxes. They trade a set of securities
subscripted by j = 1,...,J, with (one-plus) return R;; between datest —1 and t.

In equilibrium, we obtain the set of | x JEuler equations of consumption between datest - 1 and
tas

E[ b(c/Cir1) ®Re| Fea]l =1, i=1,...,1; j=1,..3, (2
where Ci/Ci 1.1 IS the consumption growth of the i" household. In principle, this set of equations
may be tested directly. Sinceindividual consumption data are reported with substantial error, we

mitigate this problem by adding these equations across households, dividing by |, and obtaining
the following set of equations instead:
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In Section 6, we test the Euler equations (3). Specifically, we test the unconditional Euler
equation for the excess market return, Ryt — Ret, as

el ®C, af‘ u
ESil 1a§ T y(Ry - Re)U=0 (4)
et TR b i

and for the (one—plus) real return on a one-month, rolled-over T-bill, R, as

-1=0. (5)

If we further assume that a complete set of markets exists that enables households to insure
against idiosyncratic income shocks, then the heterogeneous households are able to equalize,
state by state, their marginal rates of substitution. Therefore, the equilibrium of a heterogeneous-
household, full-information economy isisomorphic in its pricing implications to the equilibrium
of arepresentative-household, full-information economy.™* Then equations (3) simplify into

E[b(c/cey) "Rl Fal =1, j=1,....3, (6)

where ¢, is the per capita consumption defined asc;- 1 S c;; .

! See Constantinides (1982).



In Section 5, we test the Euler equations (6), under the maintained hypothesis of complete
consumption insurance. Specifically, we test the unconditional Euler equation for the excess
market return, Ry — Ret, as
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and for the (one—plus) real return on a one-month, rolled-over T-bill, R, as
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2.2 The Unexplained Premium and the Unexplained Risk-Free Return

In testing the Euler equation (7) on the excess market return, we calculate the statistic u as

g ec ¢
u=T" lag & T (Ru- R: ) 9)
t=1 10
We rewrite this equation as
cal .U
3 &c, 0 &c, 0 9
T8E 2 IR R LI T uy=0, (10)
t= Crlra} 8 tl CGig 4 b

Since the coefficient of u is approximately equal to one, we interpret u as the unexplained mean
premium.

In testing the Euler equation (8) on the risk-free rate, we calculate the statistic u as

s &c, 0
u=T"'§ g—ti R -1 (11)
=18C1 g
We rewrite this equation as
T ec 0
Tq g—t_ FL.1=0, (12)
t=1 Ct-léf 1+u



and interpret u as approximating the unexplained risk-free return, if b = 1. The unexplained risk-
freerateismodifiedasu - (1-b),if b<1.

In testing the Euler equations (4) and (5), we calculate the corresponding statistics

a
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UI:T_légl_lé N : _ Mt' Ft) (13)
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and interpret them as the unexplained mean premium and the unexplained risk-free rate,
respectively.

2.3 The Cross-Sectional Variance of the Households Consumption Growth

The cross-sectional variance of the households' consumption growth and the time-series
correlation of this covariance with the equity premium play a major role in the determination of
asset prices. Whereas the Euler equations (3) reduce into the Euler equations (6) in the special
case of complete consumption insurance, in the general case of incomplete consumption
insurance, the pricing kernel is afunction of both the per capita consumption growth and the
variance of the households consumption growth. We illustrate these concepts in the context of
the model studied in CD (1996).

We consider an economy with an infinite number of distinct households with uninsurable,
persistent, and idiosyncratic income shocks. Since these shocks are uninsurable, they are
transmitted to the households' consumption processes. We define the households consumption
processes as

2

=iexp} yh, - ho, (15)
CGer1 G117 2%

Cit

where the shocks { hi;} have the following properties: (a) distinct subsets of { h;} are
independent; and (b) for al i and t, hi; is standard normal and independent of F.; and y:.** From
equation (15), we seethat y? isthe variance of log (Ci/Ci+.1) - log(ci/c.1) and is interpreted as the
cross-sectional variance of the households' consumption growth. In the context of the economy
with an infinite number of distinct households, CD (1996) show that

21n CD (1996), the set of consumersiis chosen in amathematically careful way such that the per capita
consumption equals ¢, with probability one.
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where the summation across the consumersisinterpreted as an integral.

In the specia case of complete consumption insurance, the idiosyncratic income shocks are
insured away and are not transmitted to the households consumption processes. Then y’ =0,

and each household’ s consumption growth equals the per capita consumption growth. The
pricing kernel is afunction of the per capita consumption growth alone.

In the general case of incomplete consumption insurance, the pricing kernel is afunction of both
the per capita consumption growth and the variance of the idiosyncratic income shocks
transmitted to the households' consumption processes. This richer representation of the pricing
kernel, implied by the assumption of incomplete consumption insurance, contributes towards the
explanation of the mean equity premium only if the correlation between the equity premium

and y is sufficiently large and negative. This correlation is one of the targets of our empirical
investigation.

3. Observation Error and the Small-Sample Properties of the Statistics:
Monte Carlo I nvestigation

3.1 Observation Error in the Consumption Data

Observation error in the consumption datais a major problem both in our investigation and in
related ones. In testing the Euler equations of consumption (7) and (8) under the assumption of
complete consumption insurance and limited capital market participation, we calculate the per
capita consumption in a quarter as the average consumption of households that are classified as
asset holders. Households are classified as asset holders based on a certain threshold of
household assets holdings. For example, when the threshold level of asset holdingsis $10,000,
the minimum number of householdsin the sampleis 95. With such a small number of
households, the resulting estimate of the per capita consumption is noisy.

Observation error is even more problematic when we test the Euler equations of consumption (4)
and (5) under the assumption of incomplete consumption insurance. The individual household’'s
marginal rate of substitution is calculated by raising the individual household’ s consumption
growth to a power equal to the negative of the RRA coefficient. If the reported consumption
growth of even one household is substantially smaller than one, this household’ s marginal rate of
substitution is large and may dominate the weighted average of the marginal rates of substitution.

The standard remedy of trimming the sample of household consumption growth ratesis a
double-edged sword that we apply with caution. The potentially interesting events that help
distinguish between the pricing implications of models of complete and incomplete consumption
insurance are the major uninsurable shocks to a household’ sincome, such as job loss or divorce.



If these shocks are uninsurable, they result in household consumption growth in the tails of the
distribution.

We provide a preview of the implications of a multiplicative and unbiased observation error in
the consumption growth. In the case of per capita consumption, we assume that the observed
consumption growth is (c/ct.1) Wt , where the observation error, w; , has the properties w; > 0,
E[w] =1, isi.i.d, and isindependent of all other variablesin the Euler equation. Likewise, in
the case of household consumption, we assume that the observed consumption growth is (G / Ci .
1) Wit, where the observation error, wi; , has the propertiesw;; > 0, E[wi] =1, isi.i.d, andis
independent of al other variablesin the Euler equation.

Consider first the unexplained premium statistic, u, in equation (9). The observation error does
not bias this statistic because E [uw?] = 0. Consider next the unexplained risk-free rate statistic,
u, in equation (11). The observation error biases this statistic from its mean-zero value under the
null to the value Efw?®] — 1 > 0. The biasisincreasing in the standard deviation of w and in the
RRA coefficient. Inrecognizing limited participation in the capital markets, we report the
unexplained risk-free rate in progressively smaller subsets of the households. In the smaller
subsets, we anticipate the standard deviation of w to be higher and, therefore, the biasin the
unexplained risk-free rate to be higher.

The observation error increases the standard error of the statistic u by the multiplicative factor
{E[W?®]}Y?> 1. Therefore, it biases downwards the t-statistic of the unexplained premium. It
also increases the standard error of the statistic u and may bias the t-statistic of the unexplained
risk-free rate.

The observation error in household consumption is substantially larger than the observation error
in per capita consumption. Therefore, we expect larger biases in testing the pricing implications
of the model of incomplete consumption insurance than in testing the model of complete
consumption insurance.

The quantitative effects of observation error on the size and power of our empirical tests are
explored through Monte Carlo ssmulation in this section. The results of the Monte Carlo
investigation are summarized in Section 3.3 for the reader who wishes to proceed to the
empirical results of the paper without delay.

3.2 The Small-Sample Properties of the Statistics

The second major problem in both our investigation and in related ones is the small size of the
database, both in the time series and in the number of households in the cross-section. The
database consists of returns and household consumption data for 64 quarters. With such a short
time series, the standard error of the estimated mean equity premium islarge and we may be
unable to reject the hypothesis that the mean equity premium is zero. Furthermore, we may be
unable to detect the incremental contribution of relaxing the assumption of complete
consumption insurance in explaining the equity premium.
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Finally, the uninsurable idiosyncratic shocks to the households' income that the theory attempts
to capture, such asjob loss or divorce, are infrequent events relative to both the length of the
time series and the number of households in the cross-section.

The quantitative effects of the small-sample properties of the statistics on the size and power of
our empirical tests are explored through Monte Carlo simulation in this section. The reader who
wishes to proceed to the empirical sections of the paper will find a summary of the results of the
Monte Carlo investigation in Section 3.3.

3.3 Summary of the Simulation Results

We simulate two versions of an economy with incomplete consumption insurance and with
idiosyncratic income shocks, asin CD (1996). Thefirst version captures shocks to the economy
that increase the variance of the households' consumption growth, where these shocks occur with
frequency of the order of that of business cycles. The second version captures shocks less
frequent than business cycles. In either version, the simulated data support the model of
incomplete consumption insurance by construction. The model and its calibration are described
in the appendix.

First, we investigate our ability to reject the pricing implications of the ubiquitous complete
consumption insurance model when the alternative is the incomplete consumption insurance
model.>® We examine the power of simple statistical tests both for the equity premium and the
risk-free rate under the complete consumption insurance null against the alternative of
incomplete consumption insurance. We find that the power islow. Doubling the number of
households and the number of periods in the sample does not mitigate the problem.
Furthermore, plausible observation error in the recorded consumption of the households has a
major impact on the test statistics.

Second, we investigate the size characteristics for the same statistics under the incomplete
consumption insurance null against an unspecified alternative.’* We identify major problemsin
the size of tests of the asset pricing implications of the incomplete consumption insurance
hypothesis. The simple t-test over-rejects the true null of incomplete consumption insurance
against an unspecified aternative. The problem is much more severe in testing the Euler
equation of the risk-free rate than in testing the Euler equation of the equity premium. Doubling
the number of households and the number of periods in the sample does not mitigate the
problem. Furthermore, plausible observation error in the recorded consumption of the
households has a mgjor impact on the test statistics.

13 We do not address the power of tests to reject the null of the pricing implications of the complete consumption
insurance model against an unspecified alternative. See Ferson and Foerster (1994) and Kocherlakota (1990).

14 Note that the converse question of whether it is possible to reject the pricing implications of the incomplete
consumption insurance model in favor of the complete consumption insurance model does not arise because the
complete consumption insurance model is nested within the incomplete consumption insurance model.

11



Finally, the interpretation of the estimated correlation between the market premium and y?, is

problematic. Observation error biases strongly this statistic towards zero. Doubling the number
of households and the number of periods in the sample does not mitigate the problem.

3.4 Detailed Results of the Simulation on the Power of the Tests

We calibrate the model as explained in the appendix. We generate 10,000 sample paths of the
market return and of the consumption of 500 households for 64 quarters. For each path, we
calculate u and u, with parameter valuesa =4 andr = 0. Recall that u and u areinterpreted as
the unexplained equity premium and the unexplained risk-free rate, respectively, under the
assumption of complete consumption insurance. The value a = 4 matches the value of the RRA
coefficient used as input in generated the data. We consider both cases, k=0 (zero observation
error) and k= 0.5 (moderate observation error). The simulation allows us to derive the sample
distribution of these statistics. It also alows us to derive the sample distribution of the t-statistics
and explore the power of the tests. We aso present results for the case in which the number of
households and the length of the time series are doubl ed.

In Table 1, we present results on the power of tests of the Euler equation applied to the market
premium, when the null hypothesis is the complete consumption insurance. First, we set the
value of the parameter sat 2.43. Effectively, we model the frequency of occurrence of periods
when the variance of the households consumption growth is high to be comparable to the
frequency of business cycles. We also assume that the consumption growth of householdsis
observed without error (k=0). By construction, the null isfalse in the simulated data. In fact, the
covariance of the market premium with the per capita consumption growth accounts for only
about one-third of the mean premium.

We calculate the unexplained premium (u) under the null. In the fourth row of Table 1, Panel A,
we report the mean and tail values of the distribution of the unexplained premium. The reported
mean is 0.01 because the expected unexplained premium is about 1% per quarter, by
construction. The fifth row presents the theoretical cutoff rates of a Student-t distribution with
60 d.f. , as an approximation for the correct 62 d.f. The sixth row presents the ssmulated
rejection rates. Since most of our empirical estimates of the unexplained premium are positive,
we focus on the right-hand tail of the distribution.

At the 5% level, the false null is rejected only with frequency 15% and, at the 1% level, the false
null is rejected only with frequency 4%. The frequency of rejection of the false null is even
lower when we account for observation error with k = 0.5. The right-hand side of the panel
considers the potential increase in the power of the test if we were to double the number of
households and wait for 26 years to double the length of the time series. Theincreasein the
power would be modest: at the 5% level, the frequency of rejection would increase from 15% to
21% ; and at the 1% level, the frequency of rejection would increase from 4% to 7% .

In Panel B of Table 1, we set the value of the parameter s at 5.94. Effectively, we model the

frequency of occurrence of periods when the variance of the households’ consumption growth is
high to be substantially lower than the frequency of business cycles. The results are remarkably

12



similar to those in Panel A. We conclude that the results are robust to assumptions on the
frequency of events that increase the variance of the households' consumption growth.

We summarize these findings as follows. Thetest of the unconditional Euler equation of the
market premium has low power to reject the null of complete consumption insurance, against the
alternative hypothesis of either of the two specific models of incomplete consumption insurance
that we smulated. One may not draw conclusions regarding the power to reject the null of
complete consumption insurance against an unspecified alternative.

In Table 2, we present results on the power of tests of the Euler equation applied to the risk-free
rate, when the null hypothesisis the complete consumption insurance. Thistableis organized as
Table 1. Consider first Panel A, without observation error (k=0) and with sample size
specificationsN = 500 and T = 64. The mean unexplained risk-free rateis- 0.038 (negative
3.8% per quarter). Thisillustrates the risk-free rate puzzle, generated in calibrated modelsand in
empirical estimation using the per capita consumption from the National Income and Product
Accounts. Essentialy, the risk-free rate appearsto be too large, if one ignores the uninsurable
idiosyncratic income shocks. If we were to adjust the mean unexplained risk-free rate
downwards by 0.005 to account for the subjective discount rate of r = -log b = 0.005, we would
be exacerbating the risk-free rate puzzle. For negative t-statistics, we reject the false null with
frequency 22% at the 1% significance level, and with frequency 45% at the 5% significance
level. The power of thetest ishigh. The power is even higher when the sample size
specifications double. For positive t-statistics, we hardly ever reject the false null.

The above results are reversed when we introduce observation error, with k =0.5. As
anticipated, multiplicative observation error induces a strong positive bias to the mean
unexplained risk-free rate. The mean unexplained risk-free rate is 0.95 (95% per quarter). Thet-
statistics are so large and positive that, for positive t-statistics, we reject the false null with
frequency 65% at the 1% significance level, and with frequency 93% at the 5% significance
level. For negative t-statistics, we hardly ever reject the false. It isprematureto rejoicein the
high power of the test when the t-statistic is positive. In the next section, we find that the biasis
so large that we even reject with very high frequency the true null of incomplete consumption
insurance.

In Panel B, with the value of the parameter s set at 5.94, the results are remarkably similar to
those in Panel A. We conclude that the results are robust to assumptions on the frequency of
events that increase the variance of the households' consumption growth.

3.5 Detailed Results of the Simulation on the Size of the Tests

Asin the last section, we generate 10,000 sample paths of the market return and of the
consumption of 500 households for 64 quarters. For each path, we calculate the unexplained
premium (ud) and the unexplained risk-free rate (u¢), both under the assumption of incomplete
consumption insurance and with parameter valuesa =4 and r = 0. We consider both cases, k =
Oandk=0.5.
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In Table 3, we present results on the size of tests of the Euler equation applied to the market
premium, when the null hypothesis is the incomplete consumption insurance. We calibrate the
model as explained above. First, we set the value of the parameter s at 2.43 and assume that the
consumption growth of households is observed without error. By construction, the null istruein
the simulated data. We calculate the unexplained premium (ud under the null. In the fourth row
of Table 3, Panel A, we report the mean and tail values of the distribution of the unexplained
premium. It isnot surprising that the reported mean is zero because the expected unexplained
premium is zero by construction. The fifth row presents the theoretical cutoff rates of a Student-t
distribution. The sixth row presents the size of the tests for different p-values. The seventh row
presents the size-adjusted cut-off values of the t-statistic.

It is clear from the panel that the unexplained premium has a skewed distribution in which the
first percentile valueis - 6.4%, while the ninety-ninth valueis only 3.4%. The fifth and ninety-
fifth percentiles are closer to symmetric with values of - 2.9% and 2.5%, respectively. More
astonishing than the distortion of the distribution of u¢under the null are the rejection rates
presented in the second line of the panel. In theright tail of the distribution, where are empirical
t-statistics typically lie, we regject the null 9.38% of the time when we expect to reject it only 5%
of thetime. In addition, the 1% expected rejection rate is more than double with a value of about
2.5%. Intheleft tail of the distribution, at the 1% level, the simulated rejection frequency is
0.19% and at the 5% level, the simulated rejection frequency is 2.21%.

The pattern of empirical rejection frequenciesis not surprising given the shape of the distribution
of u¢ The left-skewness of this distribution leads to a negative correlation between the sample
mean and sample standard deviation. By taking the ratio of the former to the latter, the resulting
distribution of the test statistic is not Student-t and in fact |eads to an estimator distribution that is
centered away from the null zero value and instead on a positive mean. This explains why the
rejection rates are too high in the right tail and too low in the left tail.

One might expect that doubling the sample size in either the time or the cross-sectional
dimensions would mitigate the difficulties encountered above. However, the resultsin Panel A
for N=1,000 and T=128 are remarkably similar to the results in the smaller sample. By
increasing the size of the sample, we do not correct the false rejections evidenced in the smaller
sample.

We aso investigate the implications of observation error on size by setting the parameter k equal
to 0.5. Theresults reported in the last three rows of Table 3, Panel A are largely unchanged.
Finaly, in Panel B, we set the value of the parameter sat 5.94. The frequency of false rgjections
iseven higher than in Panel A. Taken together, the results suggest that we over-reject the true
null of incomplete consumption insurance against an unspecified aternative.

In Table 4, we present results on the size of tests of the Euler equation, applied to the risk-free
rate when the null hypothesis is the incomplete consumption insurance economy. Thistableis
organized as Table 3. We calculate the unexplained risk-free rate (u@ under the null. Without
observation error, the reported mean is approximately zero because the expected unexplained
risk-free rate is zero by construction. With observation error, the reported mean is about 1100%
per quarter, illustrating the huge positive bias introduced by the observation error. Because of
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this bias, the t-test rgjects the true null with 100% frequency. Moreover, by doubling the size of
the database, we do not mitigate the problem. This suggests that tests of the incomplete
consumption insurance hypothesis by using the Euler equation of the risk-free rate are
problematic.

In this section, we have identified major problemsin the size of tests of the incomplete
consumption insurance hypothesis. The simple t-test over-rejects the true null of incomplete
consumption insurance against an unspecified alternative. The problem is much more severein
the Euler equation of the risk-free rate than in the Euler equation of the market premium.

3.6 Simulated Distribution of the Correlation between the Market Premium and the
Cross-Sectional Variance of the Households' Consumption Growth

The incomplete consumption insurance model has the potential to explain the mean equity
premium, if the idiosyncratic income shocks are persistent and heteroscedastic and if the
correlation of the market premium and the cross-sectional variance of the households
consumption growth (y?) is sufficiently large and negative. Therefore, the estimation of this
correlation is a direct way to gauge the potential of thismodel. In Table 5, we present results on
the simulated distribution of the correlation between the market premium and y?, when the null
hypothesis is the incomplete consumption insurance.

First, we set the value of the parameter sat 2.43. The implied theoretical correlation of the
market premium and y? is about 50%. With sample size N = 500 and T = 64, and with zero

observation error, Table 5 shows that the mean and median of the correlation are approximately
egual and the tails of the distribution appear to be symmetric. According to this distribution, one
would hardly ever fail to estimate a negative correlation, when incompl ete consumption
insurance is amajor factor driving the mean equity premium. When the sample size doublesin
both the cross-section and the time dimension, the distribution becomes slightly more
concentrated and the conclusion remains unchanged.

The effect of observation error in the household consumption growth is to introduce error in the
estimated cross-sectional variance y” and bias towards zero the estimated correlation of the

market premium and y” . Indeed, thisis what we observe in the last line of Panel A. Whereas

the distribution remains symmetric, it is shifted drastically towards zero. The mean value of the
correlation increases from -52.8% to -21.4%. The biasis so large that we estimate positive
correlation with frequency 7.6% , even though the theoretical correlation is about -50% . Even
if it were possible to double the sample size in both the cross-section and the time dimension, the
bias would hardly be mitigated. When the sample size doubles, the mean value of the correlation
decreases from —21.4% to —27.6% .

In Panel B of Table 5, we set the value of the parameter sat 5.94. The results are even stronger
than in Panel A. With observation error, the mean value of the correlation becomes -0.006, even
though the theoretical correlation isabout -30% . The biasis so large that we estimate positive
correlation with frequency 48.4%. Even if it were possible to double the sample size in both the
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cross-section and the time dimension, we would still be estimating positive correlation with
frequency 46.2%.

In Panel C, we report the correlation between the market premium and y?, estimated from
quarterly datain the period 198002-1996g1. These results are discussed in Section 6.

4. Description of the Data
4.1 The Consumption Data

The source of the household-level quarterly consumption datais the Consumer Expenditure
Survey (CEX), produced by the Bureau of Labor Statistics (BLS)™. This series of cross-sections
coversthe period 1980q1 - 1996ql. Each quarter, roughly 5,000 U.S. households are surveyed,
chosen randomly according to stratification criteria determined by the U.S. Census. A detailed
weighting scheme, based on a number of demographic variables, allows extrapolation of the data
to the general U.S. population.

Each household participates in the survey for five consecutive quarters, one training quarter and
four regular ones, during which their consumption and other information is recorded. At the end
of itsfifth quarter, another household, chosen randomly according to stratification criteria
determined by the U.S. Census replaces the household. The cycle of the households is staggered
uniformly across the quarters, such that new households replace approximately one-fifth of the
participating households each quarter.*®*" If a household moves away from the sample address, it
isdropped from the survey. The new household that moves into this addressis screened for
eigibility and isincluded in the survey. The number of households in the database varies from
guarter to quarter. However, it isalways possible to extrapolate to the general population by
employing the stratification weights that also vary through time in accordance with changes in
the sample.

The survey attempts to account for an estimated 95% of all quarterly household expendituresin
each consumption category from a highly disaggregated list of consumption goods and services.
At the end of the fourth regular quarter, datais also collected on the demographics and financial
profiles of the households, including the value of asset holdings as of the month preceding the
interview. We use consumption data only from the regular quarters, as we consider the data
from the training quarter unreliable.

> Among the uses of the survey is the calculation of weights on individual components of the market basket of
goods used in creating the consumer price index.

181 we were to exclude the training quarter in classifying a household as being in the panel, then each household
would stay in the panel for four quarters and new households would replace one-fourth of the participating
households each quarter.

¥ The constant rotation of the panel makes it impossible to test hypotheses regarding a specific household's behavior
through time for more than four quarters. A longer time series of individual households consumption is available
from the PSID database, albeit only on food consumption.
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Starting in 198641, the BL'S changed its household identification numbering system without
providing the correspondence between the 198594 and 198691 identification numbers of
households interviewed in both quarters. This change in the identification system makes it
impossible to match households perfectly across the 1985g4-1986q1 gap. However, each yearly
release of the CEX contains households from the first quarter of the subsequent year’ s household
datain a“pre-release” format. We bridge the gap between 198594 and 198691 by using these
households. While this procedure allows us to establish a correspondence between these two
guarters, we still lose information on the asset holdings of households whose fifth interview
occurred either in 198692 or in 1986g3. In addition, we discard from our sample the first quarter
of 1980 because the total number of households interviewed that quarter is 250 (versus 3,500
households in the second quarter of 1980). Finally, in asignificant number of years, the BLS
failed to survey households not located near an urban area. Therefore, we do not consider non-
urban households appearing in the survey at any time.

4.2 Definition of the Consumption Variables

We cal culate each household's quarterly nondurables and services (NDS) consumption by
aggregating the household's quarterly consumption across the consumption categories that
comprise the definition of nondurables and services. We employ aggregation weights that
adhere to the National Income and Product Accounts (NIPA) definitions of NDS consumption.*®
In addition, we deflate each household's consumption to the 1996q1 level, using the CPI for NDS
consumption. We obtain the CPI series from the BLS through CITIBASE.

The per capita consumption of a set of householdsis calculated as follows. First, the
consumption of each household is normalized, by dividing it with the number of family members
in the household. Second, the normalized household consumptions are averaged across the set of
households, with weights proportional to the CEX-reported weights. These weights are
normalized in order to keep constant the size of the overall population implicit in the original
weights.”® The per capita consumption growth between quarterst and t+1 is defined as the ratio
of the per capita consumption in quarterst+1 and t. The per capita consumption growth is
seasonally adjusted by using additive adjustments obtained from regression on 16 quarterly
consumption growths, eight on each side of the growth being adjusted.?

When we work with household-specific data, the household's consumption growth between
quarterst and t+1 is defined as the ratio of the household's consumption in quarters t+1 and t.
The household's consumption growth is seasonally adjusted by using the additive adjustments
obtained from the per capita consumption growth, as described above.

4.3 Household Selection Criteria

18 The Universal Classification Code scheme we employ is available upon request.

19 Results with equal weights are reported also. The results remain unchanged.

2 |n adjusting growth rates either in the beginning or the end of the sample, we use less than 16 quarters. For
example, our first growth rate occurs between 198092 and 1980g3. We seasonally adjust this growth rate using
information only from the following eight growth rates.
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In any given quarter, we delete from the sample households that report in that quarter as zero
either their total consumption, or their consumption of nondurables and services, or their food
consumption. Missing information on the above items is counted as zero consumption.

We define a household's beginning total assets as the sum of the household's market value of
stocks, bonds, mutual funds, and other securities at the beginning of the first regular quarter.*
We define as asset holders the househol ds that report total assets exceeding a certain threshold.
We present results for threshold values ranging from $0 to $40,000 in 1996q1 dollars. We also
present results for non-asset holders, defined as the households in the database that reported total
assets below the threshold of $2,000. The number of households that are included as asset
holders in our sample varies across quarters and across thresholds.

The households that pass the above selection criteriaform the sample used in deriving the results
presented in Tables 7 and 8. In calculating the per capita consumption, the normalized
household consumption is averaged across the households, as explained in Section 4.2. This
averaging mitigates the observation error in the individual households consumption.

In deriving the results presented in Table 9, we calculate the individual households’ marginal

rate of substitution by raising the individual households' consumption growth to the power - a.
When the RRA coefficient islarge, the results are sensitive to observation error in the individual
households consumption. We mitigate this problem by subjecting the householdsto a
consumption growth filter. Thefilter consists of the following three selection criteria. First, we
delete from the sample households with consumption reported in fewer than three consecutive
guarters. Second, we delete from the sample the consumption growth i / ¢ .1, 1f Gt / Ci .1 > 2
and ¢ +1/Ci <. Third, we delete the consumption growth ¢ / ¢ .1 ,if Gt /Ci 1 <% and
G w+1/ Gt > 2. The surviving subsample of households is substantially smaller than the original
one.

4.4 The Returns Data

Our measure of the nominal, monthly risk-free rate of interest is the 1-month, T-bill return. We
calculate the 3-month nominal return as the compounded buy-and-hold, three-month return. The
real quarterly risk-free rate is calculated as the nominal risk-free rate, divided by the 3-month
(one-plus) inflation rate, based on the deflator defined for nondurables and services.

The value-weighted (VW) nominal, monthly market return (capital gain plus dividends) isan
arithmetic return. It is calculated from the pooled sample of the NY SE- and AMEX-listed
stocks, obtained from the Center for Research in Security Prices (CRSP) of the University of
Chicago. We calculate the nominal quarterly market return as the compounded buy-and-hold,
three-month investment. We also report results using the equally weighted (EW) market return.
We calculate thereal, quarterly market return as the nominal market return, divided by the 3-

2 During the fifth and last interview, the household is asked to report both the end-of-period asset holdings and the
change of these asset holdings relative to ayear earlier. From this, we calculate the household’ s asset holdings at
the beginning of the first regular quarter.
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month (one-plus) inflation rate. Finaly, we calculate the quarterly equity premium as the
difference between the real, quarterly market return and the real, quarterly interest rate.

4.5 Summary Statisticsand Preview of the Equity Premium Puzzle

In Panel A of Table 6,we present summary statistics on the quarterly, per capita, NDS
consumption, for avariety of definitions of asset holders, for the period 198092 - 1996g1. In the
first row, per capita consumption is obtained from NIPA.?* In all other rows, per capita
consumption is obtained from CEX, with asset holders defined as the households in the database
that report total assets, in 1996-adjusted dollars, satisfying the criterion stated in the first column.
In the last row, per capita consumption is obtained with equal weights on the households, rather
than with weights proportional to the CEX-reported weights.

In the consumer expenditure survey, the total number of households with any amount of assets
ranges between 3,999 and 5,986. The number of households that are classified as asset holders
diminishes rapidly as the threshold value israised. The number of households with assets
exceeding $2,000 ranges between 153 and 709, with median 608, while the number of
households with assets exceeding $40,000 ranges between 45 and 249, with median 158. A high
threshold in the definition of asset holders eliminates households that are inframarginal in the
capital markets, but decreases the number of households in the database. We recognize this
tradeoff by presenting empirical results for awide range of threshold values.”®

In Panel B of Table 6, we present summary statistics on the per capita consumption growth rate.
The layout of therowsisasin Panel A. The standard deviation of the per capita consumption
growth in the CEX database is double that from the NIPA per capita consumption growth. The
standard deviation of the per capita consumption growth, based on the subset of households with
assets $40,000 or higher, isfive times that from the entire CEX database. To the extent that this
standard deviation is evidence of increasing observation error in smaller databases, we anticipate
increasing bias in the estimated unexplained risk-free rate.

The most interesting statistics are the reported correlation of the consumption growth with the
market indices and the implied coefficients of RRA. The correlation of the CEX per capita
consumption growth with the value-weighted index increases from 4.7% to 30.5%, as the
definition of asset holdersistightened. We also calculate and report the RRA coefficient
required to generate the sample mean of the equity premium. Asin Grossman and Shiller
(1982), we calculate the RRA coefficient as the ratio of the sample mean of the equity premium
and the covariance of the consumption growth with the market index. For the VW market index,

2 Although NIPA per capita consumption is available for alonger period, we report results only for the sub-period
198002 - 199691, in order to make them comparable to the results on CEX per capita consumption.

% Recall that, in deriving the results presented in Tables 9 and 10, we subject the households to a consumption
growth filter. The surviving subsample of householdsis substantially smaller than the original one. The number of
househol ds with assets exceeding $2,000 ranges between 125 and 339, with median 287. The number of households
with assets exceeding $10,000 ranges between 68 and 221, with median 161. The number of households with assets
exceeding $20,000 ranges between 45 and 176, with median 119. The number of households with assets exceeding
$30,000 ranges between 34 and 152, with median 94. The number of households with assets exceeding $40,000
ranges between 26 and 122, with median 77.
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the RRA coefficient decreases from 405 to 13, as the threshold in the definition of asset holders
israised from $0 to $40,000. These results confirm the earlier results by Mankiw and Zeldes
(1991) and Brav and Geczy (1995), that participation by households in the capital marketsis
limited. The statistical investigation of theseissuesis presented in Section 5.

In the row before last of Panel B, we present summary statistics on the per capita consumption
of the non-asset holders, defined as the households in the database that reported total assets
below the threshold of $2,000. The reported correlation of the consumption growth with the
value-weighted index is 2.8% and the implied coefficient of RRA is592. This suggests that the
households designated as non-asset holders are indeed infra marginal in the capital markets.

In the last row of Panel B, the per capita consumption is obtained with equal weights on the
households, rather than with weights proportional to the CEX-reported weights. In explaining
the premium of the value-weighted index, the implied coefficient of RRA increases from 40 to
45, suggesting that the choice between the two weighting schemes may be unimportant.

5. The Test Resultsunder Complete Consumption I nsurance

In Tables 7 and 8, we present test results of the Euler equations of per capita consumption, for
the period 198002 - 1996q1 (with 63 consumption growth rates). The RRA coefficient is set at
values ranging from zero to 20. The subjective discount factor is set equal to one. For the
equally weighted and the value-weighted market premia, the reported unexplained premium is
the time-average of the product of the realized excess market return and the marginal rate of
substitution, asin equation (9). For the risk-free rate, the reported unexplained rate is the time-
average of the product of (one plus) the risk-free rate of interest and the marginal rate of
substitution, minus one, asin equation (11). Both rates are expressed in percent. The reported
“bootstrap p-value’ isthe frequency at which the unexplained premium is negative, in 500
bootstrapped samples, each having 63 consumption growth rates.

In Table 7, we do not distinguish between asset holders and non-asset holders. Per capita
consumption is calculated from the pooled sample of asset holders and non-asset holders. In
Panel A, per capita consumption is obtained from NIPA. Under the column corresponding to
the RRA coefficient being equal to zero, the marginal rate of substitution isidentically equal to
one. The quarterly EW market premium is 2.26% and the quarterly VW market premium is
2.10%. Both are marginally significant. The quarterly risk-free rateis.74% and is significantly
different from zero at the 5% level.

With RRA coefficient equal to one, the unexplained premium remains essentially unchanged but
the unexplained risk-free rate vanishes. Asthe RRA coefficient increases, the unexplained
premium decreases, but only marginally, thereby illustrating the puzzle that the mean equity
premium istoo large. The unexplained risk-free rate becomes very large negative and
significant, thereby illustrating the puzzle that the risk-free rate istoo small. If we were to set the
quarterly subjective discount factor at the value of .995, instead of the value of one, the
unexplained risk-free rate would decrease by 0.5%, thereby aggravating the risk-free rate puzzle.
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These test results for the period 198002 - 199691 confirm well-known earlier resultsin the
literature and serve as a benchmark for the results that rely on the CEX database.

In Panel B, per capita consumption is obtained from the CEX database, with weights
proportional to the CEX-reported weights. The results on the unexplained premium are similar
tothosein Panel A. Asthe RRA coefficient increases, the unexplained premium decreases, but
the rate of decrease is even slower than that in Panel A. The striking differenceis on the
unexplained risk-free rate. The unexplained risk-free rate isincreasing in the RRA coefficient,
but the t-statistic drops to values below 1.5 when the RRA coefficient is4 or higher. If we were
to set the quarterly subjective discount factor at the value of .995, instead of the value of one, the
unexplained risk-free rate would decrease by 0.5%, thereby explaining away the risk-free rate
puzzle.

The casual conclusion isthat the risk-free rate is explained by the per capita consumption of the
pooled sample of asset holders and non-asset holders, taken from the CEX database, while the
equity premium is not explained. However, our discussion in Section 3 suggests that
multiplicative observation error on the consumption growth biases positively the statistic for the
unexplained risk-free rate. Thus, the CEX per capita consumption data may appear to resolve
the risk-free-rate puzzle because the observation error on the consumption growth is higher than
in the NIPA data.

In Table 8, we address the limited participation of householdsin the capital markets. In Panel A,
asset holders are defined as the households in the CEX database that reported total assets
exceeding the threshold of $2,000, in 1996-adjusted dollarsin their first regular quarter. In
Panels B, C and D, the threshold is $10,000, $20,000 and $40,000, respectively. The per capita
consumption is obtained as the average consumption across the asset holders, with weights
proportional to the CEX-reported weights.

For agiven RRA coefficient, the unexplained premium and its t-statistic decrease as the
threshold israised. Furthermore, as the RRA coefficient increases, the unexplained premium
decreases. With RRA coefficient equal to 6, the unexplained premium of the VW market index
(and the t-statistic) are 2.09 (2.18), 1.76 (1.70), 1.43 (1.34), 1.20 (1.07) and 1.03 (.85), at
threshold levels $0, $2,000, $10,000, $20,000 and $40,000, respectively. We conclude that
limited participation by households goes along way in explaining the mean equity premium with
amoderate/high value of the RRA coefficient. Note that the increasing observation error of the
per capita consumption growth does not bias the statistic for the unexplained premium, if the
observation error is multiplicative. However, it inflates the standard errors and biases the t-
statistics towards zero.

The corresponding values of the unexplained risk-free rate (and the t-statistic) are 1.24 (1.09),
1.46 (.50), 3.80 (.88), 5.42 (1.13) and 8.38 (1.35). The point estimates increase as the threshold
israised. One plausible explanation isthat per capita consumption growth is measured with
increasing error, as the threshold is raised and the number of asset holders decreases. Consistent
with this explanation, the standard error of the unexplained risk-free rate isincreasing in the
threshold, thereby keeping the t-statistics insignificant. We conclude that limited participation
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by households leads to failure of the test to reject the Euler equation of the risk-free rate, but
observation error may be the reason.

6. The Test Resultsunder Incomplete Consumption Insurance

The incomplete consumption insurance model has the potential to explain the mean equity
premium, if the idiosyncratic income shocks are persistent and heteroscedastic and if the
correlation of the market premium and the cross-sectional variance of the households

consumption growth (y?) is sufficiently large and negative, as discussed in Section 2.3. In Table

5, Panel C, we report this correlation for both the equally weighted and the value-weighted
market index and for different threshold values of asset holdings by the households. The point
estimate of the correlation is negative in all but one of the cases. This evidence should be
interpreted with caution because the simulation results, reported in Panels A and B, indicate that
estimates of this correlation are noisy.

We test the Euler equations of consumption (4) and (5) in order to assess the economic
contribution of this negative correlation towards explaining the asset returns. These equations
are derived without the assumption of complete consumption insurance. The ultimate goal isto
investigate the incremental explanatory power of the model when the assumption of complete
consumption insurance is relaxed.

The test covers the period 198002 - 199601 with 63 consumption growth rates. The RRA
coefficient is set at values ranging from zero to nine. The subjective discount factor is set equal
to one. For the equally weighted and the value-weighted market, the reported unexplained
premium is the time-average of the product of two terms: (1) the realized excess market return;
and (2) the average, across households, of the marginal rate of substitution. For the risk-free
rate, the reported unexplained rate is negative one, plus the time-average of the product of two
terms: (1) (one plus) the risk-free rate of interest; and (2) the average, across households, of the
marginal rate of substitution. Both rates are expressed in percent. The reported * bootstrap p-
value’ isthe frequency at which the unexplained premium is negative, in 500 bootstrapped
samples, each having 63 consumption growth rates.

First, we calculate the unexplained premium and the unexplained risk-free rate, without imposing
the consumption growth filter, discussed in Section 4.3. The results are nonsensical and are not
reported here. The explanation is that, in testing the Euler equations of consumption (4) and (5),
theindividual households’ marginal rate of substitution is calculated by raising the individual
households consumption growth to the power - a. If the reported consumption growth of even
one household is substantially smaller than one, the household’ s marginal rate of substitution is
large and can dominate the weighted average of the marginal rates of substitution in equations
(4) and (5). Thus, even one household’ s large observation error can drive the statistics. This
motivates the application of the consumption growth filter.

In Table 9, we report results for households that pass the consumption growth filter. In Panel A,

we report results for households with asset holdings exceeding $2,000. The unexplained
premium on the equally weighted market increases, as the RRA coefficient increases from zero
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to three, but the t-statistic decreases. When the RRA coefficient is four, the unexplained
premium becomes negative and insignificant. At higher values of the RRA coefficient, the
unexplained premium becomes very negative but insignificant. The unexplained premium on the
value-weighted market follows a similar pattern. The casual conclusion is that incomplete
consumption insurance explains the market premium when the households' RRA coefficient lies
at some value between three and four. This conclusion is reinforced by the similarity of the
pattern of the unexplained premium and the t-statistic, observed in Panels B and C, and
corresponding to threshold values $10,000 and $20,000, respectively.

A very different picture emergesin Panel D, corresponding to the threshold value $40,000. The
unexplained premium on the equally weighted market becomes very large, but insignificant, as
the RRA coefficient increases. The unexplained premium on the value-weighted market is
insignificant and switches sign from positive to negative values as the RRA coefficient increases
from six to seven.

The change of the results, as one proceeds from the $20,000 threshold to the $40,000 threshold,
suggests that a few outliers may be driving the results in these small samples. Thus, a cautious
interpretation of the low t-statistics is that the test has low power to reject the null, given the
small number of households and the observation error in the households consumption growth.

As explained earlier, multiplicative observation errors bias positively the statistic of the
unexplained risk-free rate. Indeed, even with the RRA coefficient set at one, the point estimate
of the unexplained risk-free rate is large and becomes huge at high values of the RRA
coefficient. The t-statistics are small, suggesting that the observation errors are large and the test
lacks the power to reject the null.

Recall that the Euler equations of consumption (7) and (8), under complete consumption
insurance, are nested within the Euler equations of consumption (4) and (5), under incomplete
consumption insurance. If Tables 8 and 9 were based on the same sample of households, then
comparison of their results would illustrate the incremental explanatory power of the model
when the assumption of complete consumption insurance is relaxed. However, the results under
incomplete consumption insurance, presented in Table 9, are based on a subsample of the
households used in deriving the results under complete consumption insurance, presented in
Table 8.

In Table 10, we present results of the Euler equations of per capita consumption, based on the
same subsample of households that was used in deriving the results under incomplete
consumption insurance, presented in Table 9. In Table 10, Panels A-C, the unexplained
premium either remains constant or increases, as the RRA coefficient increases, unlike the
resultsin Table 8. The t-statistics decrease, as the RRA coefficient increases. This may be due
to increasing bias in the standard error, as the RRA coefficient increases. In Panel D, the
unexplained premium decreases, as the RRA coefficient increases, but the rate of decreaseis
slower than in Panel D of Table 8. The t-statistics decrease, as the RRA coefficient increases. In
all panels of Table 10, the unexplained risk-free rate isincreasing in the RRA coefficient and is
higher than in Table 8. Thisalso is probably due to increasing bias in the point estimate of the
unexplained risk-free rate, as the RRA coefficient increases.
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The comparison of the resultsin Tables 8 and 10 suggests that the subsample of households
produces noisier estimates of the per capita consumption than the full sample does. On the one
hand, the subsample is free from the most obvious cases of reported error in the consumption
data. On the other hand, too many households are eliminated from the subsample because of the
requirement that households must have consumption reported in at least three consecutive
guarters. We conjecture that the small size of the subsample is the dominant factor in producing
the noisy estimates.

In comparing the resultsin Tables 9 and 10, we find that the unexplained premium and its t-
statistic are lower when the assumption of complete consumption insurance is relaxed.
However, the unexplained risk-free rate and its t-statistic are higher when the assumption of
complete consumption insurance is relaxed. The casual conclusion is that relaxation of the
assumption of complete consumption insurance helps explain the mean equity premium. The
cautious conclusion is that observation error makes it impossible to test complete consumption
insurance against incomplete consumption insurance.

7. Extensionsand Concluding Remarks

As aprelude to our empirical investigation, we examined the robustness of the statistical
inferences on the Euler equations of consumption, given the finiteness of the sample size and
given observation errors. We conducted a Monte Carlo simulation of two plausible versions of
an economy with incomplete consumption insurance and with idiosyncratic income shocks, asin
Constantinides and Duffie (1996). By construction, the simulated data supports the model of
incompl ete consumption insurance.

First, we tested the implications of the ubiquitous complete consumption insurance model when
the alternative is the incomplete consumption insurance model. We found evidence in support of
limited capital market participation. In addition, the datafail to reject the null of complete
consumption insurance, but with limited capital market participation, against the alternative of
incomplete consumption insurance. The latter result should be interpreted with caution because
the non-rejection may be due to the lack of power. Indeed, we examined the power of simple
statistical tests both for the equity premium and the risk-free rate under the complete
consumption insurance null and concluded that the test has low power to reject the null.

Second, we tested the asset pricing implications of the incomplete consumption insurance model
against an unspecified aternative. The datafail to reject the null of incomplete consumption
insurance against an unspecified alternative, once the statistics are adjusted for size. The
adjustment for size was made possible by our Monte Carlo investigation of the size
characteristics for the test. The simple t-test over-rejects the true null of incomplete consumption
insurance against an unspecified aternative. By doubling the sample size in either the time or
the cross-sectional dimensions, we do not correct the false rejections evidenced in the smaller
sample. The frequency of false rgectionsis even higher in the presence of observation error.
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Third, we estimated the correlation of the market premium and the cross-sectional variance of
the households' consumption growth. The estimated correlation is negative but low. Recall that
the incomplete consumption insurance model has the potential to explain the mean equity
premium, if the idiosyncratic income shocks are persistent and heteroscedastic and if the above
correlation is sufficiently large and negative. Therefore, the estimation of this correlation
appears to be adirect way of gauging the potential of thismodel. The low estimated value of the
correlation may be explained by observation error. In our Monte Carlo investigation, we found
that observation error strongly biases the correlation towards zero. Doubling either the number
of households or the number of periods in the sample does not mitigate the problem.

In testing the asset pricing implications of the complete and the incompl ete consumption
insurance models, we considered the Euler equations on the risk-free rate and on the equity
premium. Multiplicative observation error induces a strong positive bias in the mean
unexplained risk-free rate and renders tests of the Euler equations of consumption practically
worthless. By contrast, multiplicative observation error does not bias severely the mean
unexplained equity premium or any other premium. (Seethe discussion in Section 3.1). This
motivates the testing of the Euler equations on other premia also, such as the premium of low-
capitalization stocks over high-capitalization stocks—the size premium—and the premium of
value over growth stocks.** In our sample period 1980g2-1996q1, the mean quarterly premium
of value stocks over growth stocks is merely 0.14% per quarter, with t-statistic 0.24. Thus, there
isno value premium to be explained in this period.

By contrast, the size premium is 1.04% per quarter, with t-statistic 1.40. In Table 11, we present
the unexplained size premium under the assumption of complete consumption insurance. The
covariation of this premium with per capita consumption does not explain this premium. In
Table 12, we present the unexplained size premium under the assumption of incomplete
consumption insurance. The covariation of this premium with the conditional variance of the
households consumption growth does not explain this premium. Even worse, it suggests that
the observed premium istoo large. The main implication of Tables 11 and 12 isthat
consumption-type asset pricing models have nothing to say about a size premium in our sample
period.

2 The monthly premium of low-capitalization stocks over high-capitalization stocksis defined as the difference
between the monthly average return on the 50% of firms with the lowest capitalization and the monthly average
return on the 50% of firms with the highest capitalization. The quarterly premium is calculated by compounding the
monthly premium. The monthly premium of value stocks over growth stocks is defined as the difference between
the monthly average return on the 30% of firms with the lowest book-to-market ratio and the monthly average return
on the 30% of firms with the highest book-to-market ratio. The quarterly premium is calculated by compounding
the monthly premium. Further information on these datais provided in Fama and French (1993). Famakindly
made the data available to us.
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Appendix: Description of the Monte Carlo
A.1The Smulated Model

We model the per capita consumption growth process as

L =exp{g+s el (A1)

-1

where{a} have the following properties: distinct subsets of {&} are independent; and for all t,
and & is standard normal and independent of F.;. The parameters g and s are the mean and
standard deviation of log (c; / ci.1), respectively.

We model the return on the market index as

Rut = exp{m+ nsy & + syQ1-n®) z} , (A2)

where {z} have the following properties: distinct subsets of { z} are independent; for al t; and z
is standard normal and independent of F¢; and & . The parameters mand sy are the mean and
standard deviation of log (Rw) , respectively. The parameter n isthe correlation between log
(Rw) and log (ct/ ci.).

We model the households’ consumption growth process as

& = iexpl yt it = y (A3)
Cr1 G 1 2 %

where { h;;} have the following properties. distinct subsets of { hi;} are independent; and for all i
and t, h;; is standard normal and independent of F.;, e and z . Thisleadsto arepresentation of
the pricing kernel asin equation (16). Recall that y? isthe variance of the households
consumption growth, defined as the variance of 1og (Cit / Ci 1) —10g (Ct / Ci-1).

The main result in CD (1996) is that there exists a process of idiosyncratic income shocks that
induces the variance y? of the households consumption growth and supports the given price

processes in equilibrium. In our case, the two assets are the market index with return given by
equation (A2), and the one-period bond with constant return R= . The processy? is not unique.

We take advantage of this latitude and specify a process that is computationally convenient.
First, we define the intermediate parameter s as

ae lexp(r +ag-a’s?/2)-1 0
sMx/l-n gexp(r-m+ag-asg/2+ansMsg-sM/2)-1,-a
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wherer = -log b is the subjective discount rate. We impose the following two feasibility
conditions on the parameters:

m<r +ag-a’s’/2+ans,s -s;/2 (A5)
and
log (Re) < m-ansysg+ s /2. (A6)

These conditions guarantee that s exists and is positive. Under complete consumption insurance,
these conditions would hold as equalities. Condition (A5) states that the expected return on the
market is lower than what is predicted under complete consumption insurance. Condition (A6)
states that the expected premium on the market is higher than what is predicted under complete
consumption insurance. Moreover, these conditions jointly state that the risk-free rate is lower
than what is predicted under complete consumption insurance.

Finally, we set the variance of the households’ consumption growth equal to

2
2:

2 i ) 1 6 .0 &s au
logi 1+ fR:LexpSF +ag- —a s 22- 1%expp- = - sz =, A7
W= o g o gRF P rag- a8 I Lo - wy (A7)

The right-hand side of equation (A7) is positive and, therefore, the variance yi is well defined.
With this particular choice of the variance process, the Euler equation (2) of each household’'s
consumption holds for both the market return and the risk-free rate. The proof of this statement
proceeds along the lines of the proofsin CD (1996) and is omitted.

A.2 Calibration

We calibrate the model to match the sample moments of the per capita consumption growth
process, the return on the market index, and the risk-free rate in our estimation period, 1980q2-
1996g1. We also set the RRA coefficient and the subjective discount rate at such values that the
model would explain only about 30% of the mean market premium and would overestimate the
risk-free rate, if there were complete consumption insurance. Thus, the model is set up to reflect
both the observed equity premium puzzle and the risk-free-rate puzzle, under complete
consumption insurance. Note, however, that the assumption of incomplete consumption
insurance, coupled with the choice of the variance of the idiosyncratic income shocks asin
equation (A7), guarantees that the model explains both the observed mean equity premium and
the risk-free rate by construction.

We calibrate the per capita consumption growth process by setting s4 = 0.05/quarter. Whereas
the standard deviation of the per capita consumption growth rate is too high by 50-year
standards, it is representative of our sample period. We set therisk-freerate as R- =
1.007/quarter. We calibrate the market return process by setting m= 0.015/quarter, sy =
0.10/quarter and n = 0.26. These parametersimply that E [ Ry ] = 1.02/quarter, the mean equity
premium is 0.013/quarter, and the correlation of the market return with the per capita
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consumption growth rate is 0.26. We set the preference parametersas a =4and r =
0.005/quarter.

We consider two different values of the mean growth rate of the per capita consumption growth,
g = 0.015/quarter and g = 0.01/quarter. Both rates are too high, both by 50-year standardsand in
our sample period. However, we choose these values in order to illustrate the implications of the
frequency of occurrence of periods when the variance of the households' consumption growth is
high, while satisfying the feasibility conditions (A5) and (A6).

It isimportant to understand the implications of this calibration regarding the frequency of
occurrence of periods when the variance of the households' consumption growth is high.
Equation (A7) states that the variance of the households' consumption growth is high when -
§?/2-sz> 0, that is, when z<-5/2, since s> 0.

Consider first the calibration g = 0.015/quarter. Equation (A7) impliesthat s=2.43. The
probability that z<-2.43/2 isabout 11% per quarter. The probability that this event occurs at
least once in any 5-year period is 90%. With this calibration, we model shocks to the economy
that increase the variance of the households' consumption growth, where these shocks occur with
frequency of the order of that of business cycles.

With the calibration g = 0.01/quarter, equation (A7) impliesthat s=5.94. The probability that
z<-5.94/2 isabout 0.15% per quarter. The probability that this event occurs at least once in any
50-year period is 26%. With this calibration, we model shocks to the economy that occur with
frequency substantially lower than that of business cycles—rare events.

A.3 Observation Error

We explore the implications of a multiplicative unbiased observation error in the consumption
growth. Specifically, we assume that the household consumption growth, ci/Ci .1 , iS observed
with multiplicative observation error exp (ke;—k*/2) , where{e;} have thefollowing
properties: distinct subsets of { e} are independent; and for al i and t, e is standard normal and
independent of Fi.1, e, z and h;; . Inthe simulation, we consider the two cases, k=0 (zero
observation error) and k= 0.5 (realistic observation error).”®

A .4 Initial Values and Sample Paths

% The choice of the standard error of the observation is based on the following table that displays the conditional
variance of the households' consumption growth:

THRESHOLD MEAN 1% 5% 50% 95% 99%
$2,000 0.13 0.09 0.10 0.13 0.17 0.18
$10,000 0.14 0.08 0.09 0.14 0.20 0.22
$20,000 0.15 0.08 0.09 0.15 0.23 0.24
$40,000 0.16 0.08 0.09 0.16 0.27 0.30
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Each sample path generated begins at a random consumption level by allowing each household's
consumption to grow from a common starting value for a burn-in period of 20 quarters. These
20 guarters are discarded as we concentrate on the ensuing 64 quarters worth of data.

We generate 10,000 sample paths of the market return and of the consumption of 500 households
for 64 quarters. Weinitially choose the number of households to be 500 because thisisatypical
average number of households in our empirical investigation. We also initially choose the
number of quarters to be 64 because thisis the time-length of our sample. The 64 quarters
generate atime series of 63 quarterly consumption growth rates. We also present results for the
case in which the number of households and the length of the time series are doubled.
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TABLE 1. Monte Carlo Simulation of Complete Consumption I nsurance Economy
Equity Premium Typell Error (Power) Results

We generate 10,000 sample paths of the market return and of the consumption of 500 households for 64 quarters. We calibrate the model to match the sample
moments of the per capita consumption growth process, the return on the market index, and the risk-free rate in our estimation period, 1980g2-1996q1.
Specifically, the risk-free rate is set at R- = 1.007/quarter, the market return process is calibrated by setting m= 0.015/quarter, sy = 0.10/quarter and n = 0.26.
We set s4 = 0.05/quarter and consider two different values of the mean growth rate g of the per capita consumption growth. With g = 0.015/quarter, equation
(A4) impliesthat s = 2.43 while with g = 0.0l/quarter, equation (A4) impliesthat s=5.94. These cases are presented in Panels A and B respectively. The
preference parametersarea = 4 and r = 0.005/quarter. Within each panel we explore the implications of a multiplicative observation error in the consumption
growth. We consider the two cases, k=0 (zero observation error) and k= 0.5 (moderate observation error). We also present results for the cases in which the
number of households is increased to 1000, and the length of the time seriesis doubled to 128. Unexplained premium (u) is the statistic presented in equation (9)
under the assumption of complete consumption insurance. Theoretical t-stat is the theoretical value of the t-statistic under the specified null of complete
consumption insurance. We present the mean, 1st, 5th, 95th, and 99th percentiles for both the unexplained premium and the theoretical t-statistic. Simulated
rejection rates is the empirical regjection rates of the complete consumption insurance specification when the alternative is, by construction, the incomplete
consumption insurance economy.

Panel A: s=243

Sample size specifications N=500, T=64 N=1,000, T=128

Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%

Without Observation Error
Unexplained Premium (u) 0.01 -0.021 | -0.013 | 0.028 0.037 0.01 -0.013 | -0.007 | 0.022 0.028
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 0.13 1.02 15.13 4.24 -- -0.09 0.62 21.49 7.06
With Observation Error, k =0.5
Unexplained Premium (u) | 0.01 -0.211 | -0.074 | 0.098 0.233 0.01 -0.31 -0.096 | 0.124 0.274
Simulated Rejection Rates (%) 0.14 1.54 9.92 2.06 -- 0.08 1.29 11.19 212
Panel B: s=5.94

Sample size specifications N=500, T=64 N=1,000, T=128

Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%

Without Observation Error
Unexplained Premium (u) 0.007 | -0.022 | -0.013 | 0.029 0.038 0.008 | -0.013 | -0.007 | 0.023 0.029
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 0.14 1.18 15.76 4.89 -- 0.07 0.69 22.27 7.40
With Observation Error, k =0.5

Unexplained Premium (u) | 0.015 | -0.176 -0.06 0.099 0.232 0.019 -0.23 -0.078 | 0.121 0.30
Simulated Rejection Rates (%) 0.2 1.45 10.35 1.9 -- 0.09 111 11.61 2.18




TABLE 2: Monte Carlo Simulation of Complete Consumption I nsurance Economy
Risk-Free Rate Typell Error (Power) Results

We generate 10,000 sample paths of the market return and of the consumption of 500 households for 64 quarters. We calibrate the model to match the sample
moments of the per capita consumption growth process, the return on the market index, and the risk-free rate in our estimation period, 1980g2-1996q1.
Specifically, the risk-free rate is set at R- = 1.007/quarter, the market return process is calibrated by setting m= 0.015/quarter, sy = 0.10/quarter and n = 0.26.
We set s4 = 0.05/quarter and and consider two different values of the mean growth rate g of the per capita consumption growth. With g = 0.015/quarter,
equation (A4) impliesthat s=2.43 while with g = 0.01/quarter, equation (A4) impliesthat s=5.94. These cases are presented in Panels A and B respectively.
The preference parameters are a = 4 and r = 0.005/quarter. Within each panel we explore the implications of a multiplicative observation error in the
consumption growth. We consider the two cases, k=0 (zero observation error) and k= 0.5 (moderate observation error). We also present results for the cases
in which the number of households is increased to 1000, and the length of the time series is doubled to 128. Unexplained R: (u) is the statistic presented in
equation (11) under the assumption of complete consumption insurance. Theoretical t-stat is the theoretical value of the t-statistic under the specified null of
complete consumption insurance. We present the mean, 1st, 5th, 95th, and 99th percentiles for both the unexplained R:- and the theoretical t-statistic. Simulated
rejection rates is the empirical regjection rates of the complete consumption insurance specification when the alternative is, by construction, the incomplete
consumption insurance economy.

Pandl A: s=2.43

Sample size specifications N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%
Without Observation Error
Unexplained Re (u) -0.038 -0.092 -0.077 0.003 0.022 | -0.037 -0.077 -0.065 -0.009 0.003
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 22.2 45.14 0.09 0.01 - 42.95 68.66 0.01 0.0
With Observation Error, k =0.5
Unexplained R: (u) | 0.95 0.240 0.327 2.344 4.758 1.49 0.455 0.568 3.432 6.446
Simulated Rejection Rates (%) 0.0 0.0 93.32 64.63 - 0 0 96.54 85.63
Panel B: s=5.94
Sample size specifications N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%
Without Observation Error
Unexplained Rr (u) -0.018 -0.075 -0.058 0.023 0.043 -0.018 -0.059 -0.046 0.011 0.023
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 6.9 19.19 0.79 0.09 -- 10.62 27.4 0.24 0.04
With Observation Error, k= 0.5
Unexplained Re (u) | 095 0.27 0.348 2.32 451 1.50 0.48 0.58 3.43 6.17
Simulated Rejection Rates (%) 0.0 0.0 94.05 69.94 -- 0.0 0.0 97.17 86.74
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TABLE 3: Monte Carlo Simulation of Incomplete Consumption Insurance Economy
Equity Premium Typel Error (Size) Results

The Monte Carlo setup is described in Section 3. Panels A and B provide results for s = 2.43 and s = 5.94, respectively. Within each panel we report results for
the case where no observation error occurs (k=0) and with observation error (k=0.5). We also present results for the cases in which the number of households is
increased to 1000, and the length of the time seriesis doubled to 128. Unexplained premium (U’) is the statistic presented in equation (13) under the assumption
of incomplete consumption insurance. Theoretical t-stat is the theoretical value of the t-statistic under the specified null of incomplete consumption insurance.
We present the mean, 1st, 5th, 95th, and 99th percentiles for both the unexplained premium and the theoretical t-statistic. Smulated rejection rates is the
empirical rejection rates of the incomplete consumption insurance economy. Sze-adjusted cut-off is the corrected value for the t-statistic given the specified

rejection rate.
Panel A: s=2.43
Sample size specifications N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%
Without Observation Error
Unexplained Premium (u9 0.0 -0.064 | -0.029 | 0.025 0.034 0.0 -0.051 | -0.022 | 0.186 0.026
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 0.19 221 9.38 2.54 -- 0.25 2.01 9.44 2.80
Size-Adjusted Cut-off -1.92 -1.37 2.03 2.81 -- -1.92 -1.35 2.06 2.86
With Observation Error, k =0.5
Unexplained Premium (u9 | 0.0 -0.784 | -0.348 | 0.324 0.438 0.0 -0.560 | -0.257 | 0.232 0.314
Simulated Rejection Rates (%) 0.3 231 9.40 2.29 -- 0.17 212 9.75 2.90
Size-Adjusted Cut-off -1.98 -1.37 2.03 2.74 -- -1.88 -1.34 2.06 2.82
Panel B: s=5.94
Sample size specifications N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%
Without Observation Error
Unexplained Premium (u¢) 0.0 -0.024 | -0.014 | 0.029 0.038 0.0 -0.016 | -0.008 | 0.023 0.029
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 0.11 1.15 15.55 4.64 -- 0.07 0.69 21.82 7.26
Size-Adjusted Cut-off -1.73 -1.06 2.35 3.12 -- -1.53 -0.83 2.56 3.28
With Observation Error, k =0.5
Unexplained Premium (u¢) | 0.08 -0.30 -0.18 0.358 0.478 0.0 -0.201 | -0.102 | 0.276 0.346
Simulated Rejection Rates (%) 0.22 1.30 14.23 411 -- 0.09 0.65 20.97 6.79
Size-Adjusted Cut-off -1.75 -1.09 2.27 2.97 -- -1.53 -0.86 251 3.19
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The Monte Carlo setup is described in Section 3. Panels A and B provide results for s = 2.43 and s = 5.94 respectively. Within each panel we report results for
the case where no observation error occurs (k=0) and with observation error (k=0.5). We aso present results for the cases in which the number of households is
increased to 1000, and the length of the time series is doubled to 128. Unexplained R: (U9 is the statistic presented in equation (14) under the assumption of
incomplete consumption insurance. Theoretical t-stat is the theoretical value of the t-statistic under the specified null of incomplete consumption insurance. We
present the mean, 1st, 5th, 95th, and 99th percentiles for both the unexplained premium and the theoretical t-statistic. Smulated rejection rates is the empirical
rejection rates of the incomplete consumption insurance economy. Size-adjusted cut-off is the corrected value for the t-statistic given the specified rejection rate.

TABLE 4: Monte Carlo Simulation of Incomplete Consumption Insurance Economy

Pandl A: s=2.43

Risk-Free Rate Typel Error (Size) Results

Sample size specifications N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%
Without Observation Error
Unexplained R: (u¢) 0.0 -0.073 -0.055 0.071 0.199 0.0 -0.056 -0.042 0.058 0.148
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 4.18 12.75 1.06 0.08 - 4.88 13.55 0.96 0.09
Size-Adjusted Cut-off -3.09 -2.27 1.20 1.69 - -3.27 -2.34 1.17 1.64
With Observation Error, k =0.5
Unexplained Re (u¢) | 11.17 9.84 10.15 12.43 13.91 11.17 10.28 10.51 11.97 13.10
Simulated Rejection Rates (%) 0 0 100 100 -- 0 0 100 100
Size-Adjusted Cut-off 5.10 10.26 25.91 28.54 -- 6.85 14.96 39.36 41.96
Panel B: s=5.94
Sample size specifications N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 95% | 99% Mean | 1% | 5% | 95% | 99%
Without Observation Error
Unexplained Re (u¢) 0.0 -0.075 -0.058 0.025 0.048 -0.012 -0.058 -0.046 0.013 0.293
Theoretical t-stat 0.0 -2.39 -1.67 1.67 2.39 0.0 -2.36 -1.66 1.66 2.36
Simulated Rejection Rates (%) 6.56 18.52 0.80 0.09 - 10.16 26.62 0.25 0.04
Size-Adjusted Cut-off -3.40 -2.55 0.92 157 - -3.60 -2.75 0.68 1.27
With Observation Error, k =0.5

Unexplained R: (u¢) | 11.00 9.82 10.11 11.97 12.74 11.12 10.27 10.46 11.55 11.89

Simulated Rejection Rates (%) 0 0 100 100 -- 0 0 100 100
Size-Adjusted Cut-off 8.45 13.83 27.14 29.46 -- 16.47 25.97 41.55 43.96




TABLE 5: Simulated Distribution of the Correlation between the Market Premium and y? (in %)

The Monte Carlo setup is described in Section 3 and Table 1. We present the mean, 1st, 5th, 95th, and 99th percentiles of the empirical distribution of the

correlation coefficient between the market premium and the variance of the idiosyncratic income shocks yf . Panels A and B provide resultsfor s=2.43 and s =

5.94, respectively. Within each panel we report results for the case where no observation error occurs (k=0) and with observation error (k=0.5). We also present
results for the cases in which the number of households is increased to 1000, and the length of the time series is doubled to 128. In Panel C we report the

empirical correlation between the estimates of the variance of the idiosyncratic income shocks yt2 and two measure of the market premium. We report these
correlations for four levels of household asset holdings.

Panel A: s=2.43
N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 50% | 95% | 99% | %>0 | Mean | 1% | 5% | 50% | 95% | 99% | %>0
Without Observation Error
528 | 689 | 646 | -529 | 410 | 374 | 00 | -482 | -627 | 589 | -484 | -37.2 | -339 | 0.0
With Observation Error, k =0.5
214 | 515 | 444 | 219 | 31 | 139 | 76 | 276 | 471 | -429 | 285 | 97 | -12 | 0.80
Panel B: s=5.94
N=500, T=64 N=1,000, T=128
Mean | 1% | 5% | 50% | 95% | 99% | %>0 | Mean | 1% | 5% | 50% | 95% | 99% [ %>0

Without Observation Error

343 | 503 | 452 | -336 | -257 | 233 | 00 | -274 | -409 | 369 | -265 | -205 | -186 | 0.0

With Observation Error, k=05

-0.006 | -30.6 | -22.1 | -0005 | 209 | 289 | 484 | -0.009 | -243 | -160 | -0.007 | 141 | 204 | 46.2

Panel C:

Households with Assets Exceeding: $2,000 | $10,000 | $20,000 | $40,000
Correlation of Y7 with Equally Weighted Market (%) | -12.5 -36 7.2 1.0
Correlation of y? with Value-Weighted Market (%) | -89 2.4 5.4 -1.9
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TABLE 6: Summary Statistics

We present summary statistics on the quarterly, per capita, NDS consumption, in the period 1980g2-1996q1, in 199691 dollars, for a variety of definitions of
asset holders. Panel A provides summary statistics for the NDS per capita consumption level. In the first row, per capita consumption is obtained from NIPA.
In all other rows, per capita consumption is obtained from CEX, with asset holders defined as the households in the database that report total assets, in 1996-
adjusted dollars, satisfying the criterion stated in the first column. In the last row, per capita consumption is obtained with equal weights on the households,
rather than with weights proportional to the CEX-reported weights. Panel B provides summary statistics for the NDS per capita growth rates, following the
same row definitions asin Panel A.

Panel A: Quarterly Per Capita Consumption L evel

Household Number of Households Mean Median Std Min. Max. One-lag | Two-lag | Three-lag | Four-lag
Assets Min. Median Max Cons Cons Cons Cons Cons auto-corr | auto-corr | auto-corr | auto-corr
NIPA NA NA NA 11045 11304 1,430 8,697 13,251 1.00 1.00 1.00 .99

30 3999 5097 5986 3,146 3,141 111 2,910 3,406 57 43 A7 .73
3 2,000 153 608 709 4,344 4,329 289 3,668 5,162 .59 .56 .52 .59

3 10,000 95 341 449 4,728 4,719 418 3,925 5777 .64 .58 .56 .50

3 20,000 67 250 357 4,893 4,818 495 4,055 6,115 .68 .61 .55 .50

3 30,000 52 199 303 5,053 4,973 563 3,964 6,654 .67 .58 .54 .48

340,000 45 158 249 5,187 5,110 605 4,244 6,888 .65 .58 .54 .45

< 2,000 3548 4500 5326 2,999 2,989 106 2,763 3,201 .58 .40 .45 .70
3 2,000 153 608 709 4,341 4,341 275 3,647 4,952 .68 57 .50 .65

Panel B: Quarterly Per Capita Consumption Growth Rate

Household Mean Std One-lag Two-lag Three-lag Four-lag Corrwith | RRA:EW | Corr with RRA: VW
Assets auto-corr auto-corr auto-corr auto-corr EW market market VW market market
NIPA .007 .007 .074 -.006 .186 .155 .226 136 .235 161
30 .000 .015 -.232 122 134 -.442 .067 230 .047 405
3 2,000 .003 .037 -.364 -.009 391 -.561 .200 31 192 40
3 10,000 .005 .054 -.379 -.056 512 -.491 213 20 .250 21
3 20,000 .004 .057 -.351 .104 .322 -.419 .288 14 .335 15
3 30,000 .005 .064 -.349 .078 .369 -.428 .243 15 .263 17
340,000 .005 .070 -.375 .069 .409 -.497 277 12 .305 13
< 2,000 .000 .017 -.269 .077 .096 -.336 .022 626 .028 592
3 2,000 .003 .027 -.058 .044 .088 -.299 .283 30 234 45
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TABLE 7: Resultsunder Complete Consumption Insurance

In Panels A and B, we report results based on the per capita consumption of all NIPA and CEX households, respectively, in the period 1980g2 - 1996q1.

Panel A: NIPA, all households

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20

EW Market |_Unexplaned Premium | 226 | 223 | 220 | 247 | 214 | 241 | 209 | 206 | 208 | 200 | 198 | 185 | 174
. t-stat 181 | 180 | 179 | 178 | 1.77 | 1.76 | 175 | 174 | 173 | 171 | 1.71 | 164 | 158
Premium Bootstrap p-value | 0.04 | 004 | 003 | 004 | 004 | 0.04 | 003 | 004 | 004 | 005 | 0.04 | 005 | 0.06
VW Market |_Unesplained Premium | 2.10 | 207 | 205 | 202 | 200 | 167 | 185 | 162 | 190 | 188 | 185 | 174 | 164
. t-stat 223 | 222 | 221 | 220 | 219 | 218 | 217 | 216 | 214 | 213 | 212 | 205 | 1.98
Premium ™ g orqrap p-value | 002 | 0.0L | 001 | 002 | 002 | 002 | 002 | 002 | 003 | 002 | 0.0L | 003 | 0.02
et Unexplained Rate | 0.74 | 007 | -060 | -1.25 | -1.89 | -252 | -3.14 | -3.76 | -4.36 | -4.96 | -555 | -8.36 | -10.98
Risc-free t-stat 891 | 071 | -362 | 501 | -564 | -6.00 | -6.22 | -6.37 | 648 | 65/ | -6.63 | -6.81 | -6.86
Rate Bootstrap pvalue | 000 | 022 | 1.00 | 1.00 | 1.00 | 100 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 100 | 1.00

Panel B: CEX, all households

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20

EW Market |_Unexplaned Premium | 226 | 226 | 225 | 242 | 224 | 223 | 223 | 223 | 228 | 223 | 223 | 226 | 231
. t-stat 181 | 180 | 179 | 179 | 178 | 177 | 176 | 175 | 174 | 173 | 172 | 168 | 164
Premium Bootstrap p-value | 0.04 | 001 | 004 | 003 | 004 | 0.04 | 005 | 004 | 004 | 004 | 0.04 | 004 | 003
VW Market |_Unesplained Premium | 2.10 | 210 | 209 | 200 | 200 | 209 | 209 | 209 | 209 | 209 | 210 | 212 | 247
. t-stat 223 | 222 | 221 | 221 | 220 | 219 | 218 | 218 | 217 | 216 | 215 | 212 | 208
Premium ™ g orqrap p-value | 001 | 002 | 001 | 001 | 001 | 001 | 002 | 002 | 002 | 002 | 0.0L | 002 | 0.02
et Unexplained Rate | 0.74 | 0.77 | 082 | 089 | 099 | 110 | 124 | 141 | 150 | 1.80 | 202 | 351 | 557
Risc-free t-stat 891 | 376 | 213 | 156 | 130 | 117 | 1.09 | 1.06 | 104 | 105 | 106 | 120 | 14
Rate Bootstrap pvalue | 0.00 | 000 | 003 | 007 | 008 | 014 | 014 | 018 | 016 | 014 | 014 | 011 | 0.08
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TABLE 8: Resultsunder Complete Consumption Insurance

Asset holdersin a given quarter are defined as the househol ds that report total assets exceeding a pre-specified threshold in 1996-adjusted dollars. The per capita
consumption is obtained as the average consumption across the households, with weights proportional to the CEX-reported weights. Panels A through D contain
results for households whose asset holdings exceeded $2,000, $10,000, $20,000, and $40,000, respectively. The results are for the period 1980g2-1996q1.

Panel A: Households with assets exceeding $2,000

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20

EW Market |_Unexplained Premium | 2.26 | 219 | 211 | 204 | 196 | 189 | 182 | 175 | 167 | 160 | 153 | 112 | 058
. t-stat 181 | 173 | 165 | 157 | 149 | 141 | 133 | 125 | 117 | 1.08 | 10l | 062 | 026
Premium Bootstrap p-value | 0.03 | 003 | 004 | 005 | 0.06 | 0.09 | 010 | 008 | 014 | 017 | 014 | 022 | 039
VW Market |_Uneplained Premium | 2.10 | 204 | 199 | 193 | 187 | 182 | 176 | L71 | 165 | 150 | 153 | 120 | 0.74
: t-stat 223 | 215 | 206 | 197 | 188 | 179 | 170 | 161 | 152 | 143 | 133 | 087 | 042
Premium g oidrap p-value | 0.02 | 0.02 | 001 | 003 | 003 | 0.05 | 005 | 004 | 007 | 009 | 0.08 | 019 | 034
Risk.f Unexplained Rate | 0.74 | 052 | 044 | 050 | 068 | 100 | 146 | 206 | 281 | 3.70 | 476 | 12.73 | 26.48
e t-stat 891 | 112 | 048 | 035 | 036 | 042 | 050 | 060 | 060 | 0.79 | 089 | 130 | 153
Rate Bootsirap p-value | 0.00 | 012 | 032 | 036 | 036 | 035 | 027 | 028 | 024 | 022 | 018 | 008 | 0.03

Panel B: Households with assets exceeding $10,000

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20

EW Market |_Unexplained Premium | 2.6 | 2.14 | 201 | 189 | 175 | 161 | 146 | 130 | 112 | 098 | 072 | -069 | -3.4
. t-stat 181 | 170 | 158 | 145 | 131 | 117 | 1.02 | 088 | 072 | 057 | 042 | -028 | -0.80
Premium Bootstrap p-value | 0.03 | 004 | 004 | 006 | 008 | 011 | 047 | 018 | 024 | 031 | 031 | 056 | 0.77
VW Market |_Unexplained Premium | 2.10 | 199 | 188 | 177 | 166 | 155 | 143 | 130 | 117 | 102 | 087 | -014 | -186
: t-stat 223 | 210 | 196 | 181 | 166 | 150 | 134 | 118 | 101 | 084 | 0.68 | -008 | -0.63
Premium Bootstrap p-value | 0.02 | 002 | 001 | 004 | 005 | 008 | 011 | 012 | 047 | 023 | 023 | 053 | 0.74
et Unexplained Rate | 0.74 | 054 | 062 | 098 | 163 | 256 | 380 | 535 | 7.22 | 945 | 1204 | 31.73 | 67.14
Risk-free t-stat 891 | 0.79 | 046 | 048 | 059 | 0.73 | 088 | 103 | 118 | 1.32 | 145 | 195 | 2.20
Rete Bootstrap pvalue | 000 | 020 | 032 | 032 | 029 | 023 | 016 | 015 | 012 | 010 | 007 | 002 | 0.00

41




Panel C: Households with assets exceeding $20,000

TABLE 8 (continued)

RRA 0 1 2 3 4 5 6 I 8 9 10 15 20
EW Market | _Unexplained Premium | 2.26 | 210 | 192 | 175 | 157 | 138 | 118 | 0.67 | 0.74 | 050 | 023 | -150 | -437
. t-stat 181 | 166 | 149 | 132 | 115 | 097 | 079 | 062 | 045 | 0.28 | 013 | -054 | -0.99
Premium ™ g oiqrap p-value | 003 | 004 | 004 | 009 | 010 | 116 | 023 | 024 | 033 | 037 | 043 | 068 | 085
VW Market |_Unexplained Premium | 2.10 | 195 | 181 | 166 | 151 | 136 | 120 | 108 | 08 | 068 | 048 | -0.75 | 269
. t-stat 223 | 205 | 1.87 | 167 | 147 | 127 | 1.07 | 088 | 060 | 051 | 034 | -0.36 | -0.80
Premium g oigrap pvaue | 002 | 0.02 | 002 | 005 | 008 | 041 | 016 | 022 | 025 | 033 | 032 | 062 | 079
Risk froo |__UnexplainedRate | 074 | 068 | 095 | 155 | 248 | 877 | 542 | 746 | 090 | 1278 | 163 | 4133 | 8639
t-stat 891 | 004 | 065 | 069 | 082 | 007 | 113 | 130 | 145 | 160 | 1./5 | 230 | 259
Rate Bootstrap pvalue | 0.00 | 018 | 025 | 026 | 021 | 047 | 011 | 009 | 0.07 | 0.04 | 004 | 000 | 0.00
Panel D: Households with assets exceeding $40,000
RRA 0] 1] 2] 3] 4 56 7] 8] 9] 10] 15] 20
EW Market | _Unexplaned Premium | 2.26 | 2.06 | 185 | 163 | 139 | 114 | 086 | 055 | 019 | 0.1 | -0.68 | -450 | -1347
. t-stat 181 | 163 | 142 | 121 | 098 | 0.75 | 052 | 030 | 010 | -009 | -0.26 | -0.78 | -0.97
Premium ™ g oiqrap pvalue | 003 | 005 | 005 | 012 | 013 | 023 | 029 | 034 | 047 | 050 | 059 | 074 | 083
VW Market |_Unexplained Premium | 210 | 163 | 177 | 160 | 142 | 124 | 108 | 082 | 057 | 030 | -0.02 | 255 | -855
. t-stat 223 | 203 | 181 | 158 | 1.34 | 109 | 0.85 | 061 | 038 | 018 | -0.01 | -061 | -0.85
Premium g oigrap pvaue | 002 | 002 | 003 | 007 | 010 | 016 | 020 | 029 | 035 | 047 | 045 | 068 | 075
Risk froo |__UnexplainedRate | 074 | 072 | 119 | 217 | 368 | 573 | 838 | 1167 | 1565 | 2041 | 2602 | 7132 | 1649
t-stat 891 | 080 | 066 | 0./8 | 096 | 116 | 1.35 | 153 | 1.70 | 185 | 1.97 | 232 | 2.29
Rate Bootstrap pvalue | 0.00 | 021 | 026 | 022 | 048 | 041 | 0.05 | 0.06 | 0.04 | 001 | 003 | 000 | 0.00
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TABLE 9: Resultsunder Incomplete Consumption Insurance

Asset holders in a given quarter are defined as the households that report total assets exceeding a pre-specified threshold in 1996-adjusted dollars. Panels A
through D contain results for households with asset holdings exceeding $2,000, $10,000, $20,000, and $40,000, respectively. The results are for the period
19800g2-1996q1 for nondurables and services using the CEX weights. We delete from the sample the observations that do not pass the consumption growth filter.

Panel A: Asset holdings exceeding $2,000

RRA 0 1 2 3 4 5 6 7 8 9
EW Market |_Unexplaned Premium | 2.00 | 216 | 261 2.71 818 | -160.18 | -193597 | -21901.46 | -244034.21 | -2708315.43
. t-stat 157 | 158 | 149 0.85 -0.51 -1.04 -1.18 -1.23 -1.26 -1.28
Premium Bootsirap p-value 006 | 0.06 | 006 0.16 0.64 0.81 0.86 0.89 0.90 0.90
VW Market |_Unexplained Premium | 189 | 206 | 255 3.02 404 | -114.38 | -142575 | -16170.96 | -179514.27 | -1981600.69
: t-stat 198 | 1.98 | 1.89 121 -0.33 -0.97 -1.13 -1.19 122 -1.23
Premium Bootsirap p-value 002 | 002 | 002 0.12 0.56 0.76 0.84 0.86 0.90 0.91
Risk-free Unexplained Rate 073 | 809 | 3543 | 11893 | 49939 | 331528 | 30573.62| 322814.30 | 3577012.01 | 40401282.22
t-stat 9.04 | 1388 | 16.16 8.25 3.32 1.95 1.56 1.42 1.36 132
Rate Bootstrap p-value 000 | 0.00 | 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Panel B: Asset holdings exceeding $10,000

RRA 0 1 2 3 4 5 6 7 8 9
EW Market |_Unexplained Premium | 2.00 | 220 | 2.77 3.50 -1.88 | -89.16 -1086.96 | -12021.48 | -133044.64 | -1497607.24
. t-stat 157 | 159 | 155 1.08 -0.14 -0.83 -1.02 -1.04 -1.03 -1.01
Premium Bootsirap p-value 006 | 005 | 006 0.12 0.52 0.78 0.85 0.86 0.87 0.87
VW Market |_Unexplained Premium | 189 | 207 | 261 3.38 -0.91 7426 | -896.13 | -9570.43 | -101435.24 | -1092396.71
) t-stat 198 | 1.98 | 101 1.36 -0.10 -1.06 -1.36 -1.39 -1.33 -1.25
Premium Bootsirap p-value 002 | 002 | 002 0.09 0.48 0.82 0.89 0.93 0.96 0.96
Risk-free Unexplained Rate 073 | 876 | 40.33 | 14820 | 710.37 | 515290 | 48583.92| 512138.72 | 5657357.63 | 63940833.14
t-stat 9.04 | 10.99 | 11.85 5.72 2.59 1.65 1.34 1.21 1.14 1.10
Rate Bootsirap p-value 0.00 | 0.00 | 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Panel C: Asset holdings exceeding $20,000

TABLE 9 (continued)

RRA 0 1 2 3 4 5 6 7 8 9
EW Market |_Unexplained Premium | 2.00 | 214 | 246 1.45 1899 | -254.12 | -2828.11 | -31617.01 | -364181.47 | -4317718.15
. t-stat 157 | 153 | 132 0.35 -0.73 -1.05 -1.13 -1.13 -1.10 -1.07
Premium Bootsirap p-value 006 | 007 | 009 0.33 0.74 0.86 0.88 0.89 0.88 0.87
VW Market |_Unexplained Premium | 189 | 204 | 243 1.90 1478 | -21227 | -2334.37 | -25179.15 | -277212.39 | -3137656.13
) t-stat 198 | 1.92 | 168 0.58 -0.78 -1.29 -1.44 -1.45 -1.39 -1.31
Premium Bootsirap p-value 002 | 002 | 004 0.27 0.71 0.88 0.91 0.95 0.96 0.97
Risk-free Unexplained Rate 073 | 927 | 4391 | 17993 | 105542 | 9268.76 | 99668.96 | 1158718.72| 13930132.75 | 170448480.30
t-stat 904 | 12.36 | 9.83 413 2.08 1.49 1.28 1.18 1.13 1.09
Rate Bootsirap p-value 0.00 | 0.00 | 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Panel D: Asset holdings exceeding $40,000
RRA 0 1 2 3 4 5 6 7 8 9
EW Market |_Unexplained Premium | 200 | 214 | 278 5.05 1641 | 96.35 759.70 6507.88 | 58994.03 | 532553.04
: t-stat 157 | 154 | 152 157 1.42 1.17 1.07 1.04 1.03 1.02
Premium Bootsirap p-value 006 | 006 | 005 0.05 0.04 0.07 0.11 0.13 0.13 0.13
VW Market |_Unexplained Premium | 1.89 | 203 | 263 4.30 8.81 18.67 1.79 -506.85 -8288.76 -91212.19
\ t-stat 198 | 1.91 | 1.80 1.59 1.08 0.46 0.01 -0.31 -0.54 -0.69
Premium Bootsirap p-value 002 | 002 | 003 0.06 0.13 0.32 0.46 0.59 0.66 0.69
Risk-free Unexplained Rate 0.73 | 868 | 4053 | 13685 | 506.97 | 2486.66 | 16033.11| 122210.66 | 1013155.88 | 8755783.03
t-stat 904 | 882 | 926 5.94 3.22 1.97 1.47 1.25 1.15 1.09
Rate Bootsirap p-value 0.00 | 0.00 | 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00




TABLE 10: Resultsunder Complete Consumption Insurance as a Special Case of Incomplete Insurance

Asset holders in a given quarter are defined as the households that report total assets exceeding a pre-specified threshold in 1996-adjusted dollars. Panels A
through D contain results for households with asset holdings exceeding $2,000, $10,000, $20,000, and $40,000, respectively. The results are for the period
19800g2-1996q1 for nondurables and services using the CEX weights. We delete from the sample the observations that do not pass the consumption growth filter.

Panel A: Asset holdings exceeding $2,000

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20
EW Market |_Unexplained Premium | 2.00 | 205 | 212 | 219 | 227 | 237 | 248 | 261 | 275 | 290 | 308 | 430 | 6.37
: t-stat 157 | 159 | 161 | 163 | 165 | 167 | 168 | 1.70 | 171 | 172 | 1.73 | 1.74 | 1.70
Premium Bootsirap p-value 006 | 0.05 | 004 | 004 | 0.04 | 004 | 0.04 | 004 | 004 | 0.04 | 004 | 0.04 | 0.04
VW Market |_Unexplained Premium | 189 | 1.95 | 201 | 208 | 216 | 226 | 237 | 249 | 263 | 278 | 295 | 419 | 637
\ t-stat 108 | 1.99 | 200 | 201 | 202 | 202 | 202 | 202 | 201 | 200 | 1.99 | 1.89 | 1.78
Premium Bootsirap p-value 003 | 003 | 002 | 002 | 002 | 002 | 002 | 002 | 002 | 0.02 | 002 | 002 | 0.02
Risk-free Unexplained Rate 073 | 1.83 | 310 | 457 | 623 | 810 | 102 | 125 | 151 | 179 | 211 | 421 | 752
t-stat 904 | 338 | 285 | 2.74 | 2.73 | 276 | 2.81 | 2.86 | 2.90 | 2.95 | 2.99 | 3.09 | 3.04
Rate Bootsirap p-value 0.00 | 0.00 | 0,00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Panel B: Asset holdings exceeding $10,000
RRA 0 1 2 3 4 5 6 7 8 9 10 15 20
EW Market |_Unexplained Premium | 2.00 | 202 | 204 | 207 | 211 | 216 | 221 | 228 | 235 | 243 | 251 | 314 | 422
. t-stat 157 | 157 | 157 | 156 | 156 | 155 | 154 | 152 | 151 | 149 | 147 | 1.34 | 119
Premium Bootsirap p-value 006 | 0.06 | 006 | 0.06 | 0.05 | 0.06 | 0.06 | 006 | 0.06 | 0.06 | 0.07 | 0.09 | 0.12
VW Market |_Unexplained Premium | 1.89 | 191 | 193 | 1.96 | 200 | 205 | 210 | 217 | 224 | 233 | 243 | 318 | 460
) t-stat 108 | 1.96 | 1.94 | 192 | 1.89 | 186 | 182 | 178 | 1.74 | 169 | 165 | 141 | 121
Premium Bootsirap p-value 003 | 003 | 003 | 003 | 003 | 003 | 0.03 | 004 | 0.04 | 005 | 005 | 0.05 | 0.09
Risk-free Unexplained Rate 073 | 1.84 | 323 | 491 | 691 | 922 | 119 | 149 | 182 | 220 | 263 | 551 | 1018
t-stat 904 | 270 | 2.35 | 2.35 | 243 | 253 | 265 | 2.76 | 287 | 297 | 306 | 3.38 | 3.45
Rate Bootsirap p-value 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
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Panel C: Asset holdings exceeding $20,000

TABLE 10 (continued)

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20

EW Market |_Unexplained Premium | 2.00 | 197 | 196 | 195 | 194 | 194 | 194 | 196 | 107 | 200 | 202 | 2.28 | 2.80
. t-stat 157 | 152 | 148 | 144 | 139 | 1.35 | 131 | 1.26 | 1.22 | 118 | 114 | 096 | 0.82
Premium Bootsirap p-value 006 | 0.06 | 007 | 007 | 008 | 008 | 0.09 | 010 | 011 | 012 | 043 | 017 | 021
VW Market |_Unexplained Premium | 189 | 188 | 188 | 188 | 189 | 190 | 191 | 193 | 196 | 199 | 203 | 235 | 2.97
\ t-stat 198 | 192 | 1.86 | 180 | 174 | 168 | 162 | 155 | 149 | 143 | 1.37 | 1.09 | 0.87
Premium Bootsirap p-value 003 | 004 | 004 | 005 | 005 | 005 | 0.05 | 006 | 007 | 0.08 | 009 | 0.14 | 0.20
Risk-free Unexplained Rate | 0.73 | 221 | 400 | 611 | 855 | 114 | 145 | 181 | 222 | 267 | 3.7 | 662 | 1229
t-stat 9.04 | 315 | 282 | 2.82 | 289 | 298 | 308 | 318 | 327 | 335 | 343 | 367 | 3.73

Rate Bootstrap pvalue | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00 | 000 | 0.00 | 0.00

Panel D: Asset holdings exceeding $40,000

RRA 0 1 2 3 4 5 6 7 8 9 10 15 20

EW Market |_Unexplained Premium | 2.00 | 164 | 189 | 186 | 183 | 161 | 180 | 179 | 179 | 179 | 180 | 1ol | 212
. t-stat 157 | 153 | 148 | 143 | 138 | 133 | 127 | 122 | 116 | 110 | 1.04 | 0.73 | 046
Premium g oigrap pvaue | 0.06 | 0.06 | 007 | 007 | 008 | 009 | 010 | 041 | 011 | 013 | 014 | 021 | 030
et | _Unexplained Premium | 1.89 | 185 | 182 | 179 | 177 | 175 | 173 | 171 | 169 | 167 | 165 | 147 | 102

VW Market t-stat 198 | 1901 | 1.83 | 174 | 165 | 156 | 146 | 1.36 | 125 | 115 | 1.05 | 058 | 023
Premium g orrap pvalue | 003 | 0.04 | 004 | 005 | 005 | 006 | 007 | 009 | 010 | 012 | 015 | 031 | 044
Rigt Unexplained Rate | 073 | 129 | 230 | 378 | 576 | 827 | 114 | 151 | 195 | 246 | 305 | 764 | 1637
<-ree t-stat 904 | 146 | 120 | 138 | 153 | 169 | 185 | 201 | 216 | 229 | 242 | 284 | 3.00
Rate Bootstrap pvalue | 0.00 | 0.00 | 0.00 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00

46




TABLE 11: The Size Premium under Complete Consumption I nsurance

Asset holdersin a given quarter are defined as the households that report total assets exceeding a pre-specified threshold in 1996-adjusted dollars. The results are
for the period 1980¢2-1996q1 for nondurables and services using the CEX weights. We delete from the sample the observations that do not pass the
consumption growth filter.

Asset Holdings RRA 0 1 2 3 4 5 6 7 8 9
Exceeding

Unexplained Premium 1.04 1.06 1.08 1.09 111 112 1.13 1.14 1.14 1.14

$2,000 t-stat 1.40 1.38 1.37 1.34 131 1.28 1.24 1.20 1.15 1.10
Bootstrap p-value 0.09 0.09 0.09 0.10 0.10 0.10 0.11 0.11 0.12 0.13

Unexplained Premium 1.04 1.08 111 1.16 121 1.26 1.32 1.39 1.46 154

$10,000 t-stat 1.40 1.40 1.40 141 141 141 141 1.41 1.41 141
Bootstrap p-value 0.09 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.09 0.09

Unexplained Premium 1.04 1.09 1.15 121 1.29 1.37 1.46 1.57 1.68 181

$20,000 t-stat 1.40 1.43 1.47 151 1.55 1.58 1.61 1.65 1.68 171
Bootstrap p-value 0.09 0.08 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03

Unexplained Premium 1.04 1.13 1.23 1.34 1.48 1.62 1.79 1.99 221 2.46

$40,000 t-stat 1.40 1.49 157 1.65 1.72 1.78 1.83 1.86 1.89 191
Bootstrap p-value 0.09 0.08 0.06 0.05 0.04 0.03 0.02 0.02 0.02 0.01
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TABLE 12: The Size Premium under Incomplete Consumption Insurance

Asset holdersin a given quarter are defined as the households that report total assets exceeding a pre-specified threshold in 1996-adjusted dollars. The results are
for the period 1980¢2-1996q1 for nondurables and services using the CEX weights. We delete from the sample the observations that do not pass the
consumption growth filter.

Asset Holdings RRA 0 1 2 3 4 5 6 7 8 9
Exceeding
Unexplained Premium | 1.04 | 1.11 1.47 3.33 17.72 156.04 | 1594.29 | 17066.91 | 186621.57 | 2066219.89
$2,000 t-stat 140 | 1.38 1.41 1.73 1.87 1.70 1.60 1.54 1.50 1.47
Bootstrap p-value 0.10 | 0.10 0.10 0.05 0.02 0.01 0.01 0.01 0.01 0.01
Unexplained Premium | 1.04 | 1.11 1.56 4.21 25.29 22017 | 215142 | 22114.82 | 235000.67 | 2560586.29
$10,000 t-stat 140 | 1.35 1.39 1.75 1.90 1.75 1.58 1.44 1.32 1.24
Bootstrap p-value 010 | 011 0.10 0.05 0.02 0.01 0.01 0.01 0.01 0.01
Unexplained Premium | 1.04 | 1.13 1.76 6.12 44.42 42628 | 4501.31 | 49980.72 | 574295.18 | 6766909.73
$20,000 t-stat 140 | 1.39 1.59 2.03 1.93 1.72 1.55 1.41 1.30 1.22
Bootstrap p-value 0.10 | 0.10 0.06 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Unexplained Premium | 1.04 | 1.16 1.67 3.92 17.85 125.01 | 1032.31 9041.43 81084.73 734772.23
$40,000 t-stat 140 | 1.42 1.47 1.47 1.24 1.09 1.04 1.01 1.00 1.00
Bootstrap p-value 0.10 | 0.09 0.08 0.07 0.10 0.13 0.16 0.16 0.19 0.21
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