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Abstract

This paper documents the empirical aggregate consumption and portfolio allocations without impos-
ing severe assumptions to construct total wealth and its return. This results in realistic new measures
of these components, which in turn, yield highly plausible implicit asset returns, but smaller consump-
tion and portfolio shares than conventional educated guesses. This analysis also derives the theoretical
consumption and portfolio allocations predicted by flexible specifications of both investors’ preferences
and investment opportunities. This leads to a predicted share for stock that is small compared to that
obtained in earlier work, and relative to the other shares that we consider. Finally, this study statistically
confronts, for one of the first time, the empirical allocations to their theoretical counterparts. This ex-
ercise confirms many puzzles documented in the asset returns’ literature and highlights other important
anomalies, which are actually even more pronounced for assets other than stock.

Keywords: Elasticity of intertemporal substitution; dynamic hedging; risk aversion; time-varying
investment opportunity set.
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Introduction

The classical dynamic asset pricing paradigm stipulates that investors jointly determine consumption and
portfolio decisions. A popular approach is to study the underlying pricing implications, given an exogenous
stochastic process for equilibrium consumption. The dual is to directly gauge the underlying consumption
and portfolio rules, taking as given an exogenous stochastic process for excess returns.

This paper is related to the second line of research. More precisely, we pursue three objectives. The
first goal is to document the empirical aggregate consumption and portfolio allocations using an alternative
approach, which relaxes the severe assumptions required to construct total wealth and its return. This
results in realistic new measures of these components, which in turn, yield highly plausible implicit asset
returns, but smaller consumption and portfolio shares than conventional educated guesses. The second aim
is to study the theoretical consumption and portfolio allocations predicted by a generalized setting, which
involves flexible specifications of both the investors’ preferences and the temporal evolution of investment
opportunities. This leads to a predicted share for stock that is small compared to that obtained in earlier
work, and relative to the other shares that we consider. The final objective is to confront, for one of the
first time, the empirical allocations to their theoretical counterparts by conducting several formal statistical
tests. This exercise confirms many puzzles documented in the asset returns’ literature and highlights other
important anomalies, which are actually even more pronounced for assets other than stock.

First, the description of empirical allocations mainly relies on the measurement of consumption and
portfolio shares relative to total wealth. Conceptually, this wealth corresponds to the sum of tangible,
financial, and human assets. Unfortunately, both human wealth and its associated return are not observable.
One approach measures human wealth from its replacement cost, incorporating elements such as child-
rearing and education costs (Kendrick 1976, Eisner 1989). Another method evaluates human wealth from
the expected net present value of the flow of revenues accruing to the owners of human capital, which is
generally assumed to correspond to labor incomes. This alternative imposes strong restrictions on movements
in returns and/or time-series properties of income. For example, Chou, Engle and Kane (1992) assume that
the returns on stock and portfolio are always identical, while Campbell (1996) imposes that the returns on
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(1995) postulate that the rate discounting future income is constant. Also, Fama and Schwert (1977) and
Jagannathan and Wang (1993) impose that labor-income growth is unforecastable, while Heaton and Lucas
(1997) and (2000a) assume that each agent’s labor income remains constant at its current level until age 65,
and then ceases.

Here, we develop a different approach which simply exploits the investors’ intertemporal budget constraint
and the induced national saving identity. More specifically, we evaluate these equations from historical series
for national income and aggregate consumption to recursively construct total wealth and its implicit return.
We also resort to official aggregate data for some selected asset values and the constructed total wealth to
compute consumption and portfolio shares. Given these shares, it is possible to calculate the implicit excess
return associated with each asset of interest, again through the budget constraint. This is particularly useful
to the extent that some of these assets have no published returns’ index series.

Our sample consists of postwar annual US data. The consumption series corresponds to aggregate
expenditures on nondurables, and selected assets are based on the Flow of Funds stock series on deposits,
pension and insurance reserves, as well as corporate, noncorporate, and home equities. Our measures for
total wealth and its associated return are reasonable. In particular, our total wealth series lies between those
obtained using the replacement cost and net present value methods. Also, our return on total wealth accords
with the well-accepted notion that the portfolio displays a much stronger degree of diversification than stock-
market indices. Using our constructed total wealth series, we find that all the average shares are smaller
than those usually reported in previous studies, while the share for corporate equity displays atypically large
volatility and small covolatility. These stylized facts indicate that the standard practice of focusing mainly
on stocks provides an incomplete characterization of the actual investors’ portfolio. We also obtain that the
empirical portfolio mix is consistent with popular financial advisors’ recommendations: the ratio of other
assets to stock holdings should increase in risk aversion. Next, the average excess returns are all positive,
but are substantially larger for reserves and corporate equity. The excess returns on corporate equity is
by far the most volatile and is the only one that covaries negatively with the excess return on the total
wealth portfolio. These empirical regularities illustrate Roll’s critique stating that stock-market indices are
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and home equities are remarkably similar to the actual excess returns on the S&P500 stock-market index
and on housing-market indices. This evidence suggests that our constructed series are accurately measured.
The stylized facts documenting the empirical consumption and portfolio allocations are detailed in Section 1.

Second, the theoretical allocations are studied through a representative investor characterized by time-
and state-nonseparable preferences and facing a time-varying investment opportunity set. This environment
is designed to relax the conditions required to yield constant shares (Samuelson 1969, Merton 1971). As
illustrated by the pronounced fluctuations in the aggregate value of corporate stocks relative to consumption
expenditures in Figure 1, such a prediction is clearly at odds with the data. Also, our environment is useful
since it allows the disentanglement of the investors’ attitudes towards risk and intertemporal substitution
on their optimal consumption and portfolio shares.

In general, our specification of the investor’s problem has no exact analytical solution. We circumvent
this problem by deriving an analytical approximation of the consumption and portfolio decision rules. Our
approximation is related to recent analyses characterizing the optimal decision rules of an investor having
nonseparable preferences (Campbell and Viceira 1999, Campbell, Chan and Viceira 1999). However, we
depart from these studies by describing changes in investment opportunities through a multivariate stochastic
process relating contemporaneous excess returns to lagged values of a single state variable. This state is
governed by an autoregressive process, and is treated as a latent variable. The latent-variable approach is
motivated by the absence of evidence establishing which (if any) published series jointly Granger-cause all
our selected individual excess returns. Importantly, our multivariate process constitutes a richer alternative
to the univariate specification used in Campbell and Viceira (1999), where the single risky excess return
on corporate equity is linked to past values of the associated dividend-price ratio, which also follows an
autoregressive process. Moreover, our specification offers the advantage of being more parsimonious than
the vector autoregressive process employed in Campbell et al. (1999), which captures the interactions of
several excess returns and other observable state variables, including stock-index dividend yields.

Our analytical approximation reveals that the consumption share decreases in the elasticity of intertem-
poral substitution at low values of relative risk aversion, while it increases at high degrees of aversion to risk.

We explain this complex pattern from the intertemporal substitution and income effects associated with



changes in investment opportunities. In addition, we find that the portfolio shares are almost completely
insensitive to the elasticity of intertemporal substitution, but rapidly decline in relative risk aversion. We
rationalize this behavior from the disentanglement of each asset total demand into myopic and hedging com-
ponents. We show that both components for corporate equity are smaller than those obtained in previous
work; this mainly arises because our latent variable exhibits different time-series properties than those of
the dividend-price ratio. We also demonstrate that these components are substantially smaller than those
predicted for the other risky assets; this occurs because stocks display the smallest Sharpe ratio, and they
produce a return which provides the weakest signal about future return movements. This implies that the
predicted portfolio mix is such that the ratio of other assets to corporate equity holdings decreases in risk
aversion. The predictions characterizing the theoretical consumption and portfolio allocations are reported
in Section 2.

Finally, the comparison between empirical and theoretical allocations is achieved by conducting formal
statistical tests. These tests verify whether the average actual and predicted shares are identical. These
tests also check whether the estimates of unrestricted reduced forms and the predicted coefficients of the
corresponding optimal decision rules are the same. All the tests take into account the uncertainty related to
the estimates of our multivariate stochastic process for excess returns. This study innovates by performing a
formal empirical evaluation of a generalized representative-agent model of optimal consumption and portfolio
shares at the aggregate level.

Our test results indicate that the average actual shares are almost always statistically over-predicted.
At best, we obtain that the means of empirical shares for consumption, deposits, reserves, and corporate
equity can only be matched under extremely low elasticities of intertemporal substitution and excessively
high relative risk aversion. For these parameter values, we find that the best results are obtained when the
elasticity of intertemporal substitution is the reciprocal of relative risk aversion, so that we cannot refute
the validity of separable preferences. This accords with previous simulation and test results obtained by
evaluating the underlying asset pricing implications (Weil 1989, Jorion and Giovannini 1993, Normandin
and St-Amour 1998). This finding suggests that the observed consumption and portfolio shares cannot be
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consumption across periods is consistent with the fact that the historical aggregate consumption is smooth
(Deaton 1987, Campbell and Deaton 1989), is required to reconcile changes in this series to observed fluctua-
tions in real interest rate (Hall 1988, Campbell and Mankiw 1989), and is directly related to the riskfree rate
puzzle (Weil 1989). Likewise, the investors’ strong distaste for risk is closely linked to the equity premium
and stockholding puzzles, where an unreasonably high relative risk aversion is necessary to reconcile average
excess return on stock to its low quantity of risk and to the small proportion of the population holding this
asset directly (Mehra and Prescott 1985, Mankiw and Zeldes 1991, Haliassos and Bertaut 1995). Finally,
our results suggest that the predicted portfolio mix is at odds with its empirical counterpart. This confirms
that the asset allocation puzzle also holds in the aggregate, but does not support the conjecture by Canner,
Mankiw and Weil (1997) that richer preferences and environment may solve the anomaly.

Importantly, our results also highlight several other anomalies not documented so far in the literature.
In particular, we show that our analogue of the stockholding puzzle is not specific to corporate equity, but
prevails for all assets: the low actual portfolio shares are always significantly over-predicted using plausible
values of relative risk aversion. This anomaly is in fact more severe for noncorporate and home equities,
given that the associated empirical shares are statistically over-evaluated even under extremely high relative
risk aversion. Moreover, we find that the estimates of the relevant unrestricted reduced forms are most of the
time significantly different from the predicted coefficients of the consumption and portfolio decision rules.
This implies important anomalies regarding the fundamental decomposition of intertemporal substitution
and income effects related to changes in investment opportunities as well as the fragmentation of asset total
demands into myopic and hedging behaviors. The test results confronting the empirical consumption and

portfolio allocations to their theoretical counterparts are presented in Section 3.

1 Empirical Consumption and Portfolio Allocations

This section presents the US stylized facts on the value and the rate of return on total wealth. We subse-

quently document consumption and portfolio shares, followed by individual returns.



1.1 Value and Rate of Return on Total Wealth

We first construct empirical time series of total wealth and its associated return. This exercise is performed
by using two equations. The first equation is the investors’ intertemporal budget constraint. This constraint
states that the next-period wealth corresponds to the wealth portfolio gross return times the amount of

contemporary wealth not used for consumption:

Wipr = (1 + rp41) (W — Cy), (1)

where W; is aggregate total wealth in period ¢, C; is aggregate private consumption, rp ;41 = o741 is the
(net) return on the total wealth portfolio, r¢;; is the N-vector of returns on individual assets, and «; is
the N-vector of portfolio shares — so that aj¢ = 1 and ¢ is a unit vector. Note that total wealth includes
both human and nonhuman wealth. Likewise, the portfolio return takes into account the human-wealth and
nonhuman-wealth returns. Importantly, the human wealth and its associated return do not explicitly involve
labor income.

The second equation is the income-wealth identity. This identity is obtained by defining national income

as the income from all productive assets:

_ Tpi+1
Y, = 2w, 2
! L+ 7rpitr ! @)

where Y; is national income. Chou et al. (1992) implicitly consider a variant of (2) by using Y; = r}, 141 W;.
Furthermore, Heaton and Lucas (2000a) use a similar method to infer the stock of wealth invested in bonds
(interest income divided by the rate of return on T-Bills) and corporate equity (dividend income divided by
the dividend yield on the S&P500).

Equation (2) can be rationalized by rewriting the budget constraint (1) as (Wip1 — Wy) /(1 + rpe41) =
[Pp,t+1/(1+7p t+1)]Wi — Ct, which is precisely the fundamental private-economy saving identity: S; = Y; —C,
where S; is aggregate saving. In the spirit of Jagannathan and Wang (1996), an alternative interpretation
of (2) is obtained from the present value Wy = E; > 2 H;:o 245 = YiEe Yooy Hj’:o 2t4j9y,t+j, such

that (1 +7pe41)/rpit1 = Be D ieg Hj’:o Zt+;9y,t+; — where g, ; is the gross growth rate of income and z; is



a stochastic discount factor. Hence, our portfolio return is consistent with both time-varying income growth
and discount rates. However, our approach has the advantage of not imposing any restrictions on these rates.

The budget constraint (1) and the income-wealth identity (2) are used to construct the portfolio return
and total wealth. The portfolio return rp 41 = Y;/(W; — Y3), induced by (2), is measured from histori-
cal national income and the constructed total wealth. Also, total wealth Wiy = (1 + rp 1) (We — Cy),
obtained from (1), is computed from actual consumption and the constructed portfolio return. This re-
cursive construction of r, ;41 and W; for the time periods ¢t = 2,...,T is performed for initial values r; o
and Wi. The term 7,2 = (g, — 1)/(1 — g.) is fixed to the steady state of the portfolio return — where g,
gc, and g, are steady states obtained from the stationary-inducing transformation for growing variables:
Juit = Wi /Y = (L4 rpi41)/Tpt+15 Get = Ct/Ys, and gyr = Y3/Yi—1. The term Wi = (1 +1p2)Y1/rp2 is
computed from the steady-state value of the portfolio return and the initial observation of historical national
income.

Note that official measures of national income exclude capital gains, such that they are not included in
our constructed measure of total wealth. Heaton and Lucas (2000a) argue that realized capital gains are
poor indicators of the true value of asset stocks. In fact, it should be kept in mind that realized capital
gains are marginal compared to total revenues. For instance, in 1999, the net gains from the sale of capital
assets, for a median household were a meager $ 552, out of annual money income of over $ 40,000 (source:
US Census Bureau, Current Population Survey, March 1999 and 2000).

The historical series for national income and consumption are US annual real, per-capita, gross domestic
product and private aggregate expenditures on nondurable goods and services for the 1945-1998 period.
These series are obtained by normalizing the nominal data (source: National Income and Product Accounts)
by the gross domestic product implicit deflator (base year 1992) and by the total population (source: Census
Bureau). Note that the series are expressed in real, per-capita, term to facilitate eventual comparisons
between the stylized facts and the predictions, obtained from a real-economy, representative-investor model.
Also, the sample period is chosen to match available official series for asset values of interest, as discussed
below. Furthermore, the annual frequency is selected for a number of reasons that will prove to be useful for

our analysis. First, only annual values are recorded for some relevant assets. Second, annual returns purge



seasonal return movements (if any) and this will make easier to compare the implicit individual returns
constructed from the historical gross domestic product — which is only available on a seasonally-adjusted
basis — to official index returns — which are reported on a seasonally-unadjusted basis. Third, annual
returns are likely to be conditionally homoscedastic, a feature that will simplify the derivation of the optimal
consumption and portfolio rules predicted by the model.

Empirically, the ratio of the constructed total wealth to actual national income has a mean of 30.26, a
standard deviation of 2.60, and has extremes of 27.14 and 36.24. These stylized facts reveal that wealth
is substantially larger than income. To get an idea on the scale of these variables, real, per-capita, total
wealth was $ 762,359 in 1998, while real, per-capita, gross domestic product in 1998 was $ 27,939. In
addition, the portfolio excess return (where the riskfree rate is proxied by the real return on three-month
US T-Bills) exhibits a mean of 2.66%, a standard deviation of 3.15%, and ranges from -2.24% to 15.18%.
Hence, the excess return on total wealth is reasonable, on average, and is fairly smooth. Below, we will
present a complete comparison between the portfolio excess return and several individual excess returns.
For the moment, note that the mean return on total wealth lies between the average stock-index return and
the average short-term real interest rate.

The validity of our constructed series just presented is verified by comparing them to those obtained from
alternative conceptually different methods, namely the replacement cost and present value approaches. The
first approach evaluates the costs required to replace nonhuman and human stocks. For example, tangible
nonhuman stock is assessed from the costs of land and structures, while intangible nonhuman assets are
valued from expenditures devoted to research and developments. Also, tangible human stock is captured by
cumulated child rearing costs, whereas the intangible human wealth is measured from the costs associated
with education, training, health, and mobility (job search, frictional unemployment, and migration). The
second approach evaluates total wealth from the present values of expected future net incomes associated
with the various assets. Incomes related to human wealth can be either restricted to labor income or can
also include the value of time allocated to nonmarket activities.

Table 1 confronts summary statistics for the wealth-income ratio and the portfolio excess return. This

ratio is computed from real, per capita, actual gross domestic product and several series of total wealth



constructed from the methods described above. The return on total wealth is calculated from the budget
constraint (1) and real, per capita, observed income, historical consumption expenditures, and various con-
structed total wealth series. As already explained, the total wealth Wj,. generated from our budget constraint
procedure is constructed recursively from (1) and (2). The total wealth, W, for the replacement cost ap-
proach is provided by Eisner (1989). This annual series is constructed in a similar way than Kendrick’s
(1976) classical measure, but it covers a longer period. Also, we compute a first total wealth series, Wp, 1,
for the present value method. For this purpose, we add the value of tangible and financial assets (source:
Balance Sheet of Households and Nonprofit Organizations) to human wealth — where this last component
is evaluated by constructing expected future labor incomes from a first-order autoregressive process for total
compensation of employees (source: National Income and Product Accounts) and by using a deterministic
discount rate of 3.5%. Finally, a second total wealth series, W, 2, for the present value method is taken from
Jorgenson and Fraumeni (1989). This annual series also values the nonmarket activities, such as volunteer
work, commuting, and leisure. The series Wy, Wre, Wpy,1, and Wy, 2 all cover the 1949-1981 common
period.

The comparison exercise for the common subsample leads to two observations. First, the wealth-income
ratio reveals that our method yields a measure of total wealth W;. which is, on average, larger than W,.,
similar to Wp,,1, and smaller than Wy, 2. For example, in 1981 real, per-capita, total wealth was evaluated
at $ 156,792 for W, $ 587,166 for W, $ 674,518 for Wp,,1, and § 1,105,667 for W), 2, while real, per-capita,
national income was $ 20,571. Second, the portfolio excess return computed from our measure Wj, is on
average smaller than that obtained from W, and is similar to those induced by Wp,,1 and W, 2. Note that
these findings are presumably robust to the choice of the sample, given that for W the descriptive statistics
for the 1949-1981 period are very similar to those already presented for the 1945-1998 period.

Clearly, our total wealth series W, is not an outlier: it yields a mean wealth-income ratio that is very close
to the midpoint. Moreover, the excess return associated with our total wealth accords with the conventional
wisdom that the portfolio displays a much stronger degree of diversification than corporate equity. This

translates into a smaller and smoother portfolio excess return than the compounded annual excess return



on the S&P500 stock-market index, which displays for the 1949-1981 period a mean of 7.92%, a standard
deviation of 16.57%, and extremes of -26.81% and 44.87%.

Furthermore, additional elements lead us to assert that our measures are realistic. First, the portfolio
excess return induced by the total wealth series W,.. exhibits unreasonable movements; it is substantially
larger on average, but much smoother than excess return on corporate equity. Secondly, our constructed
portfolio return is similar to the one obtained for Wp, 2, which includes nonmarketable activities in the
computation of human wealth. Abstracting for these activities, as in Wp, 1, yields almost identical measures
to ours for both total wealth and its rate of return. Unfortunately, the evaluation of nonmarket activities
remains a subjective issue, and whether activities such as volunteer work, commuting and leisure are true
contributions to human wealth is debatable. Finally, our constructed time-series for total wealth is consistent
with measures found in cross-sectional analysis. For example, Heaton and Lucas (2000a) obtain an average
of $ 1,000,000 per household in 1992, or $ 417,688 per capita, based on the 1990 Census estimates of 2.63
individuals per median household. For that year, our estimate is $ 698,004. The difference can be explained
from their assumptions that the real labor income is constant until age 65, and then ceases, and that this
income stream is discounted at a relatively high rate of 5%. Allowing for income growth, a longer horizon
or a lower discount rate — as we do in computing W, 1 — increases the value of total wealth.

We believe that these elements convincingly show that our constructed series of total wealth and its
associated rate of return are correctly measured. This conclusion will be further supported by additional

evidence reported below.

1.2 Consumption and Portfolio Shares

We next construct empirical time series for ratios of consumption and portfolio relative to total wealth. For

this purpose, we use the definitions:
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ac,t = Wta (3)
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where a.; represents the consumption share, while «;; and W;; are the portfolio share and the aggregate
value of asset i, respectively.

In principle, we could conduct the analysis of the shares associated with all the N individual assets
composing the portfolio but, we limit attention to a subset of investors’ assets ¢ = 1,...,n, where n < N,
for two reasons. First, the empirical shares for some assets cannot be evaluated because their historical
values are not published. Second, as will become clear later on, evaluating the shares predicted by the model
requires the estimation of a multivariate process for individual returns, and including any additional assets
reduces considerably the degrees of freedom.

The constructed consumption share, obtained from (3), is computed for ¢ = 1,...,T from the real, per-
capita, actual nondurables and services consumption and constructed total wealth. The portfolio shares,
(4), are constructed by also using real, per-capita, actual values for selected assets. These real value series
are obtained by normalizing each asset aggregate nominal value by the gross domestic product implicit
deflator and the total population. The nominal values are taken from the “Balance Sheet of Households and
Nonprofit Organizations”, published by the Board of Governors of the Federal Reserve Bank. The selected
nominal values are deposits (mnemonic FL154000005), reserves (pension fund reserves, FL.153050005, plus life
insurance reserves, FL153040005, net of deferred and unpaid insurance premiums, FL543077003), corporate
equity (FL153064105), noncorporate equity (FL153080015), and home equity (real estate, FL155035015, net
of home mortgages, FL153165105). These series cover the 1945-1998 period. The availability of the data for
the value of home equity limits our analysis to the annual frequency.

Our selection of the specific assets is guided by a number of criteria. First, corporate equity provides a
very useful benchmark, since the behavior related to this asset has been carefully documented in previous
work. Second, the selected assets cover two major classes of nonhuman wealth: financial wealth (deposits,
reserves, as well as corporate and noncorporate equities) and tangible wealth (home equity). Third, these
assets represent substantial portions of financial and tangible wealth. For example, the values of deposits,
reserves, corporate equity, and noncorporate equity correspond, on average, to 20%, 17%, 19%, and 28% of
financial wealth. Again, to illustrate the value of these figures, the real, per-capita, values of these assets

were $ 13,638, $ 30,940, $ 20,681, and $ 14,165 in 1998; while the real, per-capita, financial wealth was
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$ 99,350. Also, the value of home equity represents, on average, 47% of tangible wealth. In 1998, the real,
per-capita, value for home equity was $ 17,030; while real, per-capita, tangible wealth was $ 42,523.

Panels A and B in Table 2 reports descriptive statistics for the consumption share and the portfolio
shares of the assets of interest. Figure 2 displays these shares. These statistics and plots reveal several
interesting stylized facts. First, the means of consumption and portfolio shares are all of the same order of
magnitude and are strikingly small. Second, the consumption share is much smoother than the portfolio
shares. Third, the shares for reserves and corporate equity exhibit the most pronounced fluctuations. Fourth,
the consumption share displays strong comovements with all portfolio shares, except for corporate equity.
Finally, the share for corporate equity is negatively correlated with noncorporate and home equity, whereas
it is weakly correlated with the other assets. This last result is consistent with the cross-sectional findings
that households more exposed to background risks — in the form of real estate and proprietary business —
hold a lower share of their assets in stock (Heaton and Lucas 2000a, Heaton and Lucas 2000b). Also, these
stylized facts suggest that the common practice of focusing mainly on corporate equity may not adequately
characterize the actual portfolio. That is, this asset constitutes a very small proportion of total wealth, and
its share displays atypically large volatility and small covolatility.

The empirical regularities also suggest a lesser importance for financial assets, and in particular for
corporate equity — compared to that found in previous studies. For example, Ibbotson and Brinson (1987)
deduce that the value of all corporate equity accounts for about 10.0% of total wealth, while Heaton and
Lucas (1997) find that the average share for stocks held by representative (i.e. nonretired, medium-worth)
investors is 9.4%. In contrast, our results highlight that the mean for the share of corporate equity is a
meager 1.6%. In addition, Heaton and Lucas (1997) conclude that the representative agents’ average shares
are 8.0% for cash, 2.8% for pension, and 10.7% for proprietary business. Our findings indicate lower average
shares for deposits, reserves, and noncorporate equity. Finally, Campbell (1996) assumes that the average
share of financial assets is 33%, which roughly corresponds to the fraction of the gross national product
that goes to capital. By comparison, our results reveal that the mean of the share for all financial assets
is a modest 8.54% — given that the sum of the average shares for our selected financial assets is 7.17% and

that the average aggregate value of our selected financial assets represents 84% of the total financial wealth.
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Aside from Heaton and Lucas (1997) who extrapolate their findings from cross-sectional data, all the other
estimates correspond more to informed guesses than actual measurements. In contrast, our approach is
based on official aggregate data on asset stocks, and a realistic measure of total wealth.

Figure 3 plots the actual aggregate composition of risky assets. This composition is summarized by
the relationship between the ratio of each asset to stock holdings and the empirical shares of corporate
equity. Interestingly, this relationship is systematically downward-sloping, which is consistent with popular
financial advisors’ recommendations. It is typically recommended that high risk aversion (conservative)
investors should keep a high share in cash, with the rest split up between stocks and bonds. For less risk
averse (aggressive) investors, the recommended strategy is to reduce cash holdings, and increase stocks, while
bonds are kept constant, or decrease. Canner et al. (1997) highlight these patterns and conjecture that these
also hold in the aggregate given the popularity of these recommendations, but do not present evidence to

support this claim.

1.3 Individual Returns

We now turn to the question of evaluating the rates of return associated with each asset of interest. Toward
that aim, a natural method would be to use existing return indices, such as the S&P500 index as a measure of
return on corporate equity. However, most of the considered assets have no known index series. For example,
pension and insurance reserves are invested differently by fund managers. Defined benefit plans are invested
at over 80% in equities and fixed-income securities, whereas defined contribution plans are invested mainly in
guaranteed investment contracts (GIC’s). In comparison, life insurance reserves are invested predominantly
in bonds and mortgages (Fabozzi 1999). Obtaining a single return index for total pensions plus insurance
would therefore prove impractical.

As an alternative, we use the implicit rates of return obtained through the following expression:

Wi i1
Pipg = ——2 5
ML 0 (W = Cy) 5)
for i =1,...,n. Equation (5) can be interpreted in terms of the investor’s budget constraint (1), by isolating

Wi 141 and summing over all assets to yield Zf;l W1 = [Zf\;l(l + 7 141) 0.t ] (W — Ct), or equivalently,
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Wit1 = (1 +71p 1) (W — C¢). A main advantage is that (5) provides a return series for each asset for which
an aggregate stock measure W; ; is available, whether or not an index series exists. Moreover, for those assets
for which indices do exist, a simple verification check is available, whereby we compare our implicit return
to the index series.

The implicit individual returns obtained from (5) are calculated for t = 2,...,T. To do so, we use the
constructed shares for the relevant assets. We also use the real, per-capita, historical values of the specific
assets, actual consumption, and constructed total wealth. For comparison purposes, the excess returns are
evaluated for the portfolio as well as for each specific assets by subtracting the implicit returns from the
riskfree rate.

Panels A and B of Table 3 presents summary statistics for the portfolio and individual excess returns,
which are plotted in Figure 4. These statistics and plots reveal some interesting stylized facts regarding the
first moment of excess returns. In particular, the means of excess returns are always positive. Also, the
average portfolio excess return is systematically smaller than the average individual excess returns, except
for noncorporate equity. Finally, the means of excess returns on deposits, noncorporate equity, and home
equity are smaller than those on corporate equity and reserves.

Some important stylized facts also stand out for the second moments of excess returns. In general, the
individual excess returns are slightly more volatile than the portfolio excess return. Also, the individual and
portfolio excess returns covary almost always positively, as reflected by the positive total wealth portfolio
betas of specific assets. These features do not hold, however, for corporate equity. The excess return for
corporate equity is much more volatile than the portfolio excess return, and is, in fact, by far the most volatile
of all the individual excess returns that we consider. Furthermore, the corporate equity excess return is the
only one that covaries negatively with the portfolio excess return. It is worth noting that similar values
for the beta on corporate equity were conjectured by other researchers (Ibbotson and Brinson 1987, Chou
et al. 1992). Finally, among all the specific assets, the corporate-equity excess return exhibits the largest
correlation (with the reserve excess return), the only negative correlation (with the noncorporate-equity

excess return), and the smallest positive correlation (with the home-equity excess return). The finding that
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returns on corporate and home equities are almost completely uncorrelated has also been documented by
other researchers (Goetzmann 1993, Flavin and Yamashita 1998).

These empirical regularities highlight the importance of Roll’s critique on the pitfalls of using stock-
market indices to proxy the portfolio return. Corporate-equity excess return displays atypical features on
both first and second moments, so that it bears little relationship with the portfolio excess return. In
particular, the portfolio excess return exhibits a strikingly more important degree of diversification.

These facts also illustrate the well-known difficulties in reconciling first and second moments of excess
returns. For example, from a static CAPM perspective, the large mean excess return on corporate equity is
not justified by its low beta. Moreover, observe that the excess returns on deposits and reserves are markedly
different, although the betas are similar. Likewise, the excess returns on home equity is over 80% larger than
on noncorporate assets, although the two betas are quite close. This suggests that some factors typically
ignored in this static framework play an important role.

We showed earlier that our measured total wealth series and its corresponding return are realistic. A
further diagnostic exercise is to simply compare the constructed excess return on corporate equity with the
excess return on the S&P500 stock-market index. These two series are not totally comparable (only a subset
of corporate firms are listed on the S&P500 index), but nonetheless, the constructed series tracks remarkably
well the stock-index data (see Figure 5). Interestingly, the high degree of correspondence between our series
and popular indices is not limited to stock. For example, Goetzmann (1993) finds that the average rate of
return (standard deviation) to housing in Atlanta is 6.97% (3.48%), and 7.03% (4.85%) for Chicago between
1976 and 1986. The correlation with the S&P500 index is -18% for Atlanta, and -11% for Chicago. For
the same sample period, our implicit rate of return on home equity is 7.04% (3.75%), while the correlation
with the S&P500 is -17% . Overall, we strongly believe that this evidence and the earlier comparison results

obtained from alternative measures of wealth put high confidence on the adequacy of our constructed series.

2 Theoretical Consumption and Portfolio Allocations

This section first presents the model and derives an analytical approximation of the optimal consumption

and portfolio decision rules. We then explain our calibrations which we use to predict the shares.
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2.1 Model

The model postulates that a representative investor chooses consumption and portfolio to maximize his
utility subject to a budget constraint and a law of motion for the exogenous individual excess returns. More
precisely, the investor is characterized by the preferences developed by Epstein and Zin (1989) and Weil
(1990):
-1 i =
U, = {(1 —8)C, " +4 (EtUggg) v } , (6)
where E; represents the expectation operator conditional on information available in period ¢; U; corresponds
to the utility; and &, 7, and 9 are the underlying preference parameters. The time discount factor ¢ € (0, 1)
captures the investor’s impatience. The relative risk aversion v > 0 summarizes the investor’s attitudes
towards atemporal risk. The elasticity of intertemporal substitution ¢ > 0 translates the investor’s attitudes
towards intertemporal reallocation of consumption. Also, the restriction v = 1)~! yields the standard state-
and time-separable Von Neuman-Morgenstern preferences. In contrast, v # 9! produces nonseparable
preferences. The nonseparable case is of particular interest, since it allows the disentanglement of the role
of the conceptually distinct attitudes towards risk and towards intertemporal substitution on the investor’s
optimal consumption and portfolio decisions.
The investor also faces the budget constraint (1). Recall that this constraint involves the wealth produced
by all assets, including human capital. Finally, the investor takes into account the law of motion describing
the dynamics of the exogenous individual excess returns. This law is specified as the following multivariate

stochastic process:

ri =exi_1 +[(e/N)n + v, (7)
zy = p(l — @) + g1 + e, (8)

ri — Eiqr§ 0 o oy,
~ N.I.D. : : (9)

T¢ — Et_lxt 0 oy 0'72]

where r{ is the n-vector of individual excess returns, v; is the n-vector of zero-mean idiosyncratic terms, x; is

a common factor, and 7, is its zero-mean innovation. The underlying parameters are A, i, ¢, and U%, as well as
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the additional elements included in the vectors e and o, and in the matrix o. Here, o, = (e/\)o; captures
the conditional covariances between excess returns and the common factor. Also, o = (e/A)oZ(e/N)' +
w corresponds to the nondiagonal conditional covariance matrix of excess returns and w is the diagonal
conditional covariance matrix of the idiosyncratic terms.

Note that equation (7) decomposes excess returns in terms of an anticipated component and an unan-
ticipated portion (i.e. the expression between brackets). The anticipated term is determined by lagged
values of the factor. The unanticipated component is related to the current innovations in the factor and
the contemporaneous idiosyncratic terms. Also, equation (8) stipulates that the factor is governed by a uni-
variate first-order autoregressive process. In the spirit of Merton (1971, 1973), this factor corresponds to the
underlying state of the world, and as such, captures the systematic risk. Hence, the loadings e = (e/A) x A
summarize both the characteristics (e/)) and the price X of the systematic risk. Finally, the expression (9)
simplifies the investor’s problem by assuming that innovations in excess returns and in the state follow a
joint conditional homoscedastic Gaussian distribution. Recall that this scedastic structure is likely to hold
given that our individual excess returns are recorded at an annual frequency.

Unfortunately, the investor’s problem just described has no exact analytical solution for general values
of the underlying parameters. We circumvent this problem by using the analytical approximation derived in
Appendix A. In brief, this approximation first relates the portfolio return to individual returns, where this
relationship holds exactly in continuous time. The approximation also log-linearizes the budget constraint
around the unconditional mean of the log consumption share. Campbell (1993) and Campbell and Koo
(1997) show that this linearization is exact when the consumption share is constant (i.e. when e =0, ¢ =0,
or » = 1), and is accurate as long as this share remains smooth. Finally, the approximation requires a
second-order Taylor expansion to the Euler equations around the conditional means of consumption growth
and returns. Campbell and Viceira (1999) point out that this expansion is exact when these variables are

conditionally lognormally distributed (i.e. when ¢ =1).
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A convenient property of the approximation used here is that the optimal log consumption and portfolio

shares are quadratic and linear respectively in the state:

log et = bo + bizy + ba, (10)

o = ap + Q1T (11)

Here, by, b1, and bs are obtained by solving a recursive nonlinear equation system whose coefficients are
complex functions of the underlying parameters. The elements in ag and a; are also function of these
parameters and of by, by, and bs.

Interestingly, Campbell, Cocco, Gomes, Maenhout and Viceira (1998) demonstrate that the single risky
asset version of the approximate consumption and portfolio optimal decision rules (10) and (11) are very
accurate, except for extremely large positive values of the state. Furthermore, evaluating the decision rules
(10) and (11) at e = 0 and/or ¢ = 0 leads to the known exact analytical solution obtained from constant
investment opportunity sets; that is, the investor faces excess returns that are conditionally independently
and identically distributed. Also, restricting (10) to 9 = 1 produces the exact myopic consumption rule,
that is, the investor consumes each period the same fraction of its wealth. Evaluating (11) at v = 1 yields
the exact myopic portfolio rules; that is, the investor never takes hedging positions (Giovannini and Weil
1989). Note that this last behavior occurs because the parameters of the decision rules are not affected by

o, (Campbell and Viceira 1999).

2.2 Calibration

In our calibrations, we set values for the preference parameters. As is standard practice, we choose the time
discount factor 6 = 0.96, so that the implied annual (net) time discount rate is 4.0%. We also select the
various values v = (1,4, 10,40) for the relative risk aversion and ¢ = (1,1/4,1/10,1/40) for the elasticity
of intertemporal substitution. This permits us to study the behavior of the shares induced by separable
preferences (y = t%~!) and nonseparable preferences (y # 9~1). Moreover, this allows us to perform

a sensitivity analysis to understand how the key preference parameters affect the optimal consumption
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and portfolio shares. This analysis is required to document the optimal allocations predicted by myopic
(nonmyopic) consumption rules, i.e. ¢ =1 (¢ # 1), and myopic (nonmyopic) portfolio rules, i.e. v =1
(v # 1). This analysis is also useful to describe the behavior of an investor that is either moderately, highly,
or extremely risk averse,i.e. y=1,v > 1, or v = 40.

We next select values for the parameter p = 1 — exp[Elog(c.,.)] of the log-linearized budget constraint.
For the myopic consumption rule, we use the exact analytical result stating that p = §. For the nonmyopic
consumption rule, p becomes a function of the endogenous consumption choice and is determined from the
recursive procedure outlined in Campbell and Viceira (1999).

We also set values for the average of the riskfree rate ry as well as for the parameters of the excess-
return stochastic process (7-9). We calibrate 7y = 0.77% from the sample mean of our annual real riskfree
rate series. In addition, we fix the stochastic-process parameters to the estimates that are obtained from
the maximum-likelihood procedure detailed in Appendix B. This procedure also produces a Kalman-filter
estimate of the state, which is treated as a latent variable. It is worth noting that our latent-variable approach
departs from the standard practice of assuming that the state exactly corresponds to some observable series.
Importantly, our approach is motivated by the lack of empirical evidence on the existence of published series
which have a joint predictive power for all the individual excess returns that we consider. For example,
Campbell et al. (1999) find that the dividend-price ratio used in numerous studies as a proxy of the state
only Granger-causes the stock-index excess return.

Table 4 presents the estimates of the stochastic-process parameters. Note that the estimates of the
loadings e and of the price of risk A are all statistically positive. Moreover, the estimates of the standard

errors wl/?

are always significant, and suggest that the idiosyncratic risk is quantitatively much larger for
corporate equity. Finally, the estimate of the mean y of the state variable is positive, although not significant;
while the estimate of the first-order autocorrelation ¢ is positive and significant.

Importantly, these estimates imply that the set of investment opportunities is not constant, since expected
individual excess returns are statistically time-varying. As already mentioned, this feature rules out an

important class of parameterization for which exact analytical solutions are known. Moreover, the estimates

reveal that investment opportunities improve when the latent variable increases, so that high values of z; tend
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to be associated with favorable states of the world. More precisely, improvements occur because individual
excess returns are contemporaneously high when they are expected to rise in the future. To see this, first
note that current and future values of the state increase following a positive shock in its innovation. This
leads to positive revisions in current individual excess returns, since they conditionally covary positively with
the innovations in the state — as implied by our estimates. This also leads to expected increases in future
excess returns, since they are positively related to lagged values of the state.

Figure 4 displays the individual excess returns, as already mentioned, as well as our estimate of the state.
These plots confirm that these returns are adequately characterized by our latent variable. In particular,
the turning points of excess returns often precisely coincide with those of the state. Also, the fluctuations
in excess returns are about the same order of magnitude than those in the latent variable. One exception,
however, is the greater fluctuations in the corporate-equity excess return, which simply reflects the stylized
fact that this return is the most volatile.

Figure 6 confronts our latent variable to the actual dividend yield on the S&P500 stock-market index, a
proxy of the state commonly used. A striking feature is that our estimate of the state roughly depicts the
mirror image of the S&P500 dividend-price ratio. This suggests that this ratio is positively autocorrelated,
as for our estimate of the state, and is conditionally negatively correlated with individual excess returns,
as opposed to our latent variable. The additional well-documented evidence that the lagged dividend-price
series positively affects current stock-index excess returns implies that these returns are contemporaneously
high when they are expected to fall in the future. This sharply contrasts with the behavior obtained from
our estimate of the state. In this sense, the dividend-price ratio and our latent variable exhibit different

time-series properties.

2.3 Predicted Shares

Table 5 reports the means of predicted consumption and portfolio shares for the calibrations just presented.
Table 6 shows the predicted coefficients of the optimal decision rules. These tables reveal that, in general,
the means of consumption shares predicted by separable preferences considerably differ with those induced

by nonseparable preferences. This occurs because the consumption share is sensitive to both relative risk
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aversion and the elasticity of intertemporal substitution. For example, the average consumption share is
usually decreasing in relative risk aversion. It is also decreasing in the elasticity of intertemporal substitution,
except for extremely high levels of relative risk aversions. In concrete terms, the myopic consumption rule
predicts that the average shares are equal to the time discount rate of 4% — regardless of the value for relative
risk aversion. For the nonmyopic consumption rule, the average shares substantially increase (decrease) to
reach limiting values of 81% (2%) when the investor is moderately (extremely) risk averse.

This complex pattern can be understood from the predicted coefficients of the consumption rule. First,
the myopic consumption rule always implies that b; and by are zero. This reflects the well-known exact
cancellation of the intertemporal substitution and income effects associated with changes in investment op-
portunities. Second, the nonmyopic consumption rule for a moderately risk-averse investor results in by
and by being positive. This indicates that the investor’s current consumption systematically increases when
investment opportunities improve; that is, the income effect dominates no matter which state of the world
prevails. Third, the nonmyopic consumption rule for a highly risk-averse investor reveals that b; is negative
and be is positive. This implies that the consumption share decreases (increases) following investment op-
portunity improvements that occur when z; is small (large); that is, the intertemporal substitution (income)
effect dominates in unfavorable (favorable) states of the world. Given our estimates of x; however, the in-
come effect dominates most of the time, so that consumption is positively correlated with the state variable.
Finally, the absolute values of b; and b, tend to decrease in relative risk aversion. This occurs because a
highly risk-averse investor prefers to reduce his consumption exposure to changes in the states of the world.

At this point, it is worth noting that our predicted consumption shares display qualitatively similar
patterns to those reported in previous studies. In fact, the quantitative differences for the shares associated
with the myopic consumption rule are entirely due to alternative assumed values for the time discount rate.
The numerical differences for the shares induced by the nonmyopic consumption rule are also explained by
alternative specifications of the excess-return process. More precisely, Campbell and Viceira (1999) relate
the single risky excess return on corporate equity to the dividend-price ratio, where this state variable is
assumed to follow a univariate first-order autoregressive process. Also, Campbell et al. (1999) specify a

first-order vector autoregressive process involving returns on cash, stock, and bond, as well as the (relative)
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bill rate, the yield spread, and the dividend-price ratio to show that this last series represents the state
variable that impacts the most on the investor’s behavior. As already discussed, however, the time-series
properties of the dividend-price ratio differ from those describing our latent variable.

We next focus on the means of the corporate equity shares. Note that the means predicted by separable
and nonseparable preferences are very similar. This arises because these means are greatly affected by
relative risk aversion and are almost completely unaltered by the elasticity of intertemporal substitution. In
particular, the corporate-equity share decreases rapidly in relative risk aversion. For example, a moderately
risk-averse agent invests slightly more than the totality of his wealth in corporate equities, while an extremely
risk-averse investor allocates only 2.3% of his wealth in these stocks.

This demand behavior can be explained from the predicted coefficients of the portfolio rules. First, note
that the coeflicients ag inc and ai,inc are extremely sensitive to relative risk aversion and are insensitive to
the elasticity of intertemporal substitution. This confirms the notion that relative risk aversion constitutes
a prime determinant of the demand for corporate equity. Second, the myopic portfolio rule reveals that
ag,inc and ay ;nc are positive. It follows that the myopic demand for corporate equity is positive on average
(since the mean of the state variable exceeds zero) and that it is smaller (larger) in unfavorable (favorable)
states of the world. Third, nonmyopic portfolio rule leads to substantially smaller positive values for ag iz
and ay inc. This indicates that the total demand for corporate equity is smaller than its myopic demand.
This implies that the hedging demand is negative for any given state of the world, or synonymously, that
the investor takes a short position on the hedging component of his total portfolio. As a result, a highly
risk-averse investor prefers to reduce his exposure in this risky asset, in all states of the world.

Our central finding that the demand for corporate equity is substantially driven by relative risk aversion
concurs with those of earlier studies. However, our predicted means for the share of these stocks decline
much more rapidly in relative risk aversion. For example, we show that the average shares are 5.1 and 51.3
times smaller for v = 4 and v = 40 than for v = 1, when the state is defined from our latent-variable
approach. In contrast, Campbell and Viceira (1999) find that these ratios are only 1.3 and 7.5, when the
state is proxied by the dividend-price ratio. Furthermore, Campbell et al. (1999) establish that the inclusion

of this ratio as a state almost triples the stock total demand and contributes for 90% of variation in its
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hedging demand. These features can be rationalized by first recalling that the dividend-price ratio implies
that a rise in current excess return signals declines in future returns, while it indicates an increase in expected
future returns, according to our latent-variable approach. Hence, the dividend-price ratio leads to a larger
hedging demand than that induced by our estimate of the state. Moreover, the difference between these
hedging demands increases in relative risk aversion, since a highly risk-averse investor prefers to hold assets
that deliver wealth when investment opportunities deteriorate.

We finally present the means of our other asset shares. Again, the means induced by separable and
nonseparable preferences are identical, which indicates that they are primarily determined by relative risk
aversion. Also, these shares decline rapidly as relative risk aversion increases. In concrete terms, a moderately
risk-averse investor places between 881% and 1893% of his wealth in our selected assets, while an extremely
risk-averse investor attributes between 14% and 29% of his wealth in these assets.

The predicted coeflicients ao,; and a;,; of the portfolio rules are always closely related to relative risk
aversion, which confirms that the investor’s portfolio decisions are crucially affected by his attitude towards
risk. Also, the predicted coefficients imply that all our selected asset total demands decrease (increase) in
unfavorable (favorable) states of the world, while hedging demands are negative in all states of the world.
Finally, these coefficients indicate that a highly risk-averse agent invests less in each risky asset, for any given
state of the world.

Unfortunately, these results cannot be compared with previous work. More precisely, Campbell and
Viceira (1999) limit their portfolio analysis to stocks, while Campbell et al. (1999) incorporate additional
risky assets that are not the ones that we consider. Yet, it is instructive to confront our findings obtained
for the various assets. This exercise reveals that the average shares are always positive, so that the investor
systematically takes long positions in the total demand for all our selected assets. This is due to the fact
that excess returns tend to move in the same direction, as suggested by the positive covariances obtained
for all pairs of shocks to excess returns (see Table 4). However, the average share for other assets are much
larger than those for corporate equity, especially when risk aversion is small. Hence, the ratio of other assets
to corporate equity decreases in risk aversion. This implies a positive relationship between this ratio and the

share for corporate equity, for fixed values of elasticity of intertemporal substitution and state (see Figure 7).
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More precisely, a moderately risk-averse agent has a smaller myopic demand for corporate equity because
its Sharpe ratio (SR;) is much smaller (see Table 4). Moreover, a highly risk-averse investor reduces his
demand for other assets considerably more than for corporate equity. This occurs because the other assets are
worse hedges against deteriorations in the investment opportunities. Following Merton (1973), the weight
of the hedging portfolio relative to the myopic portfolio in total asset demand increases in risk aversion.
Furthermore, recall that consumption covaries positively with the state, while the returns for other assets
(and to a lesser extent for corporate equity) covary positively with the state (see Table 4). Consequently,
the highly risk-averse investor takes a short position on his hedging portfolio for the other assets (and to a
lesser extent for corporate equity); the other assets are less attractive since they produce much lower returns
when the investment opportunities deteriorate and consumption is also low.

To summarize, a moderately risk-averse investor substantially increases consumption as well as portfolio
shares in our selected risky assets, and reduces shares in other less risky assets, when investment opportunity
improvements either occur in favorable or unfavorable states of the world. Thus, a moderately risk-averse
investor tends to hedge his long positions in more risky assets by taking short positions in more certain
assets. By comparison, a highly risk-averse investor also increases (although to a lesser extent) consumption
and risky-asset shares, following investment opportunity improvements that arise in favorable states. In
contrast, a highly risk-averse investor usually prefers to reduce his consumption in favor of saving, when

investment opportunity improvements occur in unfavorable states.

3 Comparison of Empirical and Theoretical Allocations

In this section, we formally test whether the predicted optimal decision rules accord with stylized facts. We

subsequently discuss the economic interpretation of the findings and propose some extensions.

3.1 Results

Table 5 reports the average predicted shares, the average empirical shares, and the levels of significance
that these shares are identical. Similarly, Table 6 presents the predicted coefficients of the optimal decision

rules, the ordinary least squares estimated coefficients of the unrestricted reduced forms for (10)—(11), and
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the levels of significance that these coefficients are the same. These tables denote the 15%, 10%, and 5%
levels of significance by one, two, and three asterisks, respectively. All these levels are associated with
x%(1) distributed Wald test statistics which take into account the uncertainty related to the estimates of the
multivariate stochastic excess-return process (7)—(9).

First, note that in general the predicted means of the consumption share numerically and statistically
over-predict their empirical counterparts. This finding holds for almost all calibrations of the preference
parameters. Exceptions are obtained when vy = 40 is combined with ¢y = 1/10 or 1/40, such that the
investor is extremely risk averse and very reluctant to substitute consumption intertemporally.

The predicted coefficients of the consumption decision rule are also often statistically different from the
corresponding estimates of the unrestricted reduced forms. More specifically, the predictions for by are
most of the time significantly larger, the predictions for b; are always statistically larger and even display
occasionally the wrong sign, while those for by are sometimes statistically different. Consequently, the
theoretical consumption allocations never capture adequately the empirical intertemporal substitution and
income effects associated with changes in investment opportunities.

Second, the means of the predicted corporate-equity share often numerically and statistically exceed those
found in the data. This result is verified for most values of the preference parameters. Exceptions emerge
as long as v = 40, regardless of the values of v; that is, the investor remains extremely risk averse, but can
either be inclined or reluctant to substitute consumption intertemporally.

The predicted coefficients of the portfolio decision rule for corporate equity are always significantly
different from the associated estimates of the unrestricted reduced forms. In particular, the predictions for
ao,inc are statistically larger for a moderately or highly risk-averse investor and smaller for an extremely
risk-averse agent, while the predictions for a; ;. are always significantly larger. As a result, the predicted
portfolio allocations never disentangle appropriately the empirical myopic and hedging demands for corporate
equity.

Third, the means of the predicted portfolio shares for the other assets grossly over-estimate the empirical
shares. As for corporate equity, the predicted shares for deposits and reserves are insignificantly different

from actual means only when v = 40 — so once again the investor is extremely risk averse. In contrast,
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the predicted shares for noncorporate and home equities are always significantly different, even when the
investor is extremely risk averse. In this sense, the model performance for noncorporate and home equities
is poorer than that obtained for our alternative assets, and in particular for corporate equity.

Fourth, the predicted coefficients of the portfolio rules for deposits, reserves, as well as noncorporate and
home equities are often statistically different from their empirical counterparts. The predicted ag,; are most
of the time significantly larger (smaller) at low (high) relative risk aversion, whereas the predicted a; ; are
always numerically larger and have occasionally the wrong sign. Hence, the predicted portfolio allocations
for these assets do not characterize accurately the empirical myopic and hedging demands, as was the case
for corporate equity.

Finally, contrasting Figure 7 with Figure 3 reveals that the predicted portfolio mix does not accord with
the actual aggregate mix. More precisely, the predicted ratio of each asset relative to stock holdings is

increasing in corporate equity share, whereas the opposite relationship is observed in the data.

3.2 Discussion

The findings just presented reveal that no combination of the key preference parameters allow the joint
replications of the empirical consumption and portfolio allocations; all calibrations of the exercise lead to
important anomalies regarding the decomposition of total asset demands into myopic and hedging behaviors
as well as the disentanglement of intertemporal substitution and income effects associated with changes in
investment opportunities. Also, most parameterizations produce means of consumption and portfolio shares
that are inconsistent with observed average shares. In fact, the calibrations combining ¢» = 1/10 or ¢ = 1/40
with v = 40 are the only one that provide adequate descriptions of the actual average shares for consumption
and for some assets — namely deposits, reserves, and corporate equity. In this respect, these results are the
most interesting.

These parameter combinations provide support for the hypothesis that v = ¢~!, so that the validity of
separable preferences cannot be refuted. This is consistent with the empirical asset returns’ literature, such
as the simulation results in Weil (1989) and the test results in Jorion and Giovannini (1993) and Normandin

and St-Amour (1998). Consequently, incorporating nonseparable preferences adds little to our understanding
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of empirical consumption and portfolio shares. Furthermore, separable preferences imply that fluctuations
in the intertemporal marginal rates of substitution can only be ascribed to movements in consumption. It
follows that expected excess returns are solely determined by the consumption risk; the market beta plays
no role because it is not priced.

The most interesting calibrations involve extremely low values of v, i.e. the investor is highly reluctant
to substitute consumption across periods. Interestingly, this concurs with the fact that historical aggregate
consumption growth is smooth (Deaton 1987, Campbell and Deaton 1989). Moreover, this feature reflects
the condition required to reconcile changes in actual aggregate consumption to the pronounced fluctuations
in historical real interest rate (Hall 1988, Campbell and Mankiw 1989). Finally, this finding can be related
to the riskfree rate puzzle (Weil 1989). This puzzle highlights the difficulty to rationalize the low mean of
actual real short-term interest rate, given high mean growth rate of consumption.

The best calibrations also involve large values of v, i.e. the investor is extremely risk averse. This feature
is the counterpart of the equity premium puzzle (Mehra and Prescott 1985). This puzzle states that the high
average stock-index excess returns can be explained by the measured quantity of consumption risk, only when
the assumed values of relative risk aversion are unreasonably high. This result also parallels the stockholding
puzzle (Mankiw and Zeldes 1991, Haliassos and Bertaut 1995). This puzzle highlights the notion that the
small observed proportion of the population holding stocks directly can be reconciled with the historical
corporate-equity excess return only through implausible levels of risk aversion. Importantly, our results
suggest that our analogue of the stockholding puzzle is not unique to corporate equity; it rather extends to
all other assets: the low actual portfolio shares for these assets are always significantly over-predicted using
low values of relative risk aversion. This anomaly is in fact more severe for noncorporate and home equities,
given that the associated empirical shares are statistically over-evaluated even under extremely high relative
risk aversion.

Finally, calibrations with different levels of risk aversion lead to the asset allocation puzzle: the model
is unable to reproduce the observed portfolio mix. Our results do not support the conjecture by Canner et
al. (1997) that using richer specifications for preferences and investment opportunities potentially allows to

replicate the observed pattern of portfolio decisions. Our findings are also different from Brennan and Xia
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(2000) because our model allows for dynamic hedging on all securities, rather than only on a subset of assets.
Note however that our results are in line with those of Elton and Gruber (2000), who show that allowing
short sales may produce a monotonically decreasing or increasing relationship for the portfolio mix.
Overall, further research will need to address the additional anomalies uncovered in our results. In
particular, attention should be devoted to the behavior of the demand for assets other than corporate
equity. Efforts should also concentrate on the fundamental forces of intertemporal substitution and hedging

that underlie consumption and portfolio allocations.
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A Analytical Approximation of Optimal Decision Rules

This appendix details the complete derivation for the analytical approximation of the optimal consumption
and portfolio rules. This derivation extend the approach outlined in Campbell and Viceira (1999) to a
multi-risky-asset environment.

A.1 Intermediate results

Lemma 1 The state variable is characterized by:

Ei1zey; = p+ ¢ (ze—p) + ¢f Me+1,
J
Epziy; = p(1 ¢]) % o7 +2u¢? (1 — ¢/ )z, + ¢2]$
+¢2(’ Ve, + 29020 1)(~’l3t W1 + 2487 e,
:cf+1 - Et$§+1 = (77?+1 - ‘73) +2[u(1 = ¢) + dTe]ne41-
Proof. See Campbell and Viceira (1999), proof to Lemmas 1 and 2. |

Lemma 2 Denote by dV (t)/V (t) the instantaneous (net) return on the portfolio, with (net) individual re-
turns denoted dP;(t)/P;(t), such that,

_ dP;(t)
=20
where individual returns follow an Ité process:
dP;(t )
i Zz t )
By = (Ot + 00z, (1)

and where dZ;(t) is a correlated Wiener process satisfying 0;;(t) = 0;(t)dZ;(t)o;(t)dZ;(t). Let v(t) =
log V (t), then dv(t), is characterized by:

= Z a;(t)[dp;(t) + 0.504;(t)] — 0.5 ZZ a;(t)a;(t)oi;(t). (12)

Proof. By It6’s lemma, we find that:

dv(t) = dlog[V( )]s
= 0.5 (4)",
= Zz a;i(t ) p(g)) - 0. 52 Z a;(t) (t) [dp( )) dlln?((tg)] >
= Yiai(t) B — 053, %; ailt)ay (H)ow; (1).

Similarly, by Itd’s lemma, we have that dp;(t) = dlog[P;(t)] = dP;(t)/P;(t) — 0.5[dP;(t)/P;(t)]?, such
that,

(13)

dP;(t)
B = dpi(0) +0.50,(1)
Substitute this last equation in (13) to obtain (12). ]

Lemma 3 Conditional expected portfolio returns and innovations are given as:

Egrpiyr = 75+ po+pixe + poxi,
Tpt+1 — Et'rp,t—i-l = Zz (a(]i + alimt)ui,t-i-l:
where,
Po = 0.5 Ez ap; 0 — 0.5 Zi Z]- 00045,
pr = 0.5 41505 + 35, a0ie; — 0537, 37 (aoja1; + aoiar;)oij,
P2 = Ez a1;€; — 0.5 Zz E]- a1;015045-
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and,
Ui g1 = (€i/ N Neg1 + Vigt1.

Proof. From the process (7), candidate solution (11), and portfolio returns (12),

EtTp,t+1 = Ez Q¢ [EtTi,t—{—l + 050'“] — 0.5 Ez Ej Q; 1O 045,
= Ty + Ei(am + aliwt)(eixt + 050”) —0.5 Zz Zj(aoi + aliwt)(aoj + aljmt)aij,
Eirpir1 = 7Tf+po+pise + pati,

with po, p1, and pa given as in Lemma 3. Observe that under conditional homoscedasticity, the p’s are
time-invariant. Moreover,

Etrp,t+1 —Tpt+1 = Z, ai,t(ri,t+1 - Eth',t+1);
= > (agi + arime)uspq1-

Lemma 4 Consumption growth is characterized by:

2
E:Aciy1 = co + crxe + cazy,

where,
co = bo(5)+bip(l—¢) +bap?(1—9)” +baoy + k + 75 + po,
a = b pd)p_l)+252u¢(1—¢)+171;
_ ¢2—1
2 = bz(”,, )+P2;

Acyt1 is consumption growth, k = log(p) + @ log(1 — p) and p =1 — exp{E(logac)}. Moreover,

Acpy1 —EtAcir = [by + 2bopu(1 = @)ner1 + b2 (7yy — 07) + 32, Goitiet
+zt (2b2m41 + 305 @1 41) -

Proof. From log-linearizing the budget constraint around the unconditional mean of log consumption share
(Campbell and Viceira 1999, eqgs. 15, 17):

Acgyr =logac i1 — p~ " log ey +k+Tpiy1
Use candidate solution (10), Lemma 1, and mean portfolio returns in Lemma 3 to obtain that

EiAcir = [bo — (1/p)bo] + [1Eszi1 — (1/p)brwe] + [boBeaiyy — (1/p)baw?]
+k+ 75+ po + p12s + pazl,
= (%) bo + bip + big(wy — p) — (bi/p)xs

+ba[u? + 2u(x — p) + ¢ (1 — p)* + o5] — (1/p)baz}
+k+1p + po + P12y + paxi,
= ¢+ am + ey,

where ¢y, c1,co are as defined.
Moreover, use candidate solution (10) and Lemma 3 to obtain that:

Acprr —EiAcpn = [by + 2bop + 2bo¢(zy — )1 + baniyy — o,
+ > i(a0i + arime)us p41,

which simplifies as stated. n

Lemma 5 Let 7, = Vary(Aciy1 — Yrpi1). Then, 7,4 is quadratic in the state variable:

2
Tp,t = T0 + Tz + T2Zy,
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where,

T = =051 —7)/(1 = ){[b + 4bibop(1 — ) + 4b35(1 — $)*]o7 — b3 (07)”

+2(1 = ¢) 32, [braoi + 2b2p(1 = d)acilogi + (1 —)> 32, 3 a0iaojoij },
n = —0.5(1—7)/(1—9){[4bibag + 8b3u(l — ¢)lo]

+2(1 - ’Lp) Ei[blau + 2b2¢a0,- + 2b2/,t(]. - qS)ah-]am- + (]. - ¢)2 Zz Ej (aOialj + aojali)az-j},
= —0.5(1—=7)/(1 =) {4b58%0; +4(1 =) 3, bagparion: + (1 —)* 30, 3 ariarjoi; )

Proof. Using Lemmas 3 and 4, and the Gaussian assumption, we can write 7,; as:

Tt = —0.5(1=7)/(1 = )E{[(Actt1 — EtAciy1) = ¢(rper1 — Eerper1)]? ),
= =0.5(1=7)/Q = V)Ee{[bine1 + b2 (2[p + d(zt — p)netr + 0y — 03)
+(1 =) 32, (a0i + avsze)uier1]},

—~

= —0.5(1 =)/ = ){(bs + 2b2[pz: + p(1 — ¢)])%02 — b3(02)?
+2(1 =) 3= (b + 2b2[p2e + p(1 — @)))(a0i + ariwe)om:
+(1 = 4)? 3, 35 (a0i + aviwe) (aoj + arjzi)oij b,

= 7o+ 1Tt + Tox,

where 79, 71,72 are as stated. n

Lemma 6 The parameters 19,71, T2 in Lemma § also satisfy:

o = —ylogd+ (1—¢)ry+ (%) bo + bipu(1 — @) + bap®(1 — §)* + bao? + k
+0.5(1 — ¢){Zz Qa0; 05 — Zz Z]’ aOiaojaij},

o= b (E5) + 2ol — 9)
+(L =) {>2; avies + 0.5, ari05 — 0.537; 3" (a0iar; + aojari)oi;},

T = b2 (MT_I) —+ (1 — ’(p){zz ai;e; — 0.5 Ez Zj alialjaij}.

Proof. Using the log-linearized Euler equation:

0=Eiripi—ry—(1=7)/@=Doce— (y—¢~)/(1 =9 op: + 050, (14)
where o¢t = [0ci,ts-- - 0cnt]’s Opt = [Opits--->0pnt] and o; = [011,...,0nn]', as well as Lemmas 3 and 5
yields
EiAciyn = Ylogd +vEiry i1 + T,

= (Ylogd +¢ry +vpo + 10) + (Y1 + 1) 2 + (Yp2 + )27,
= ¢+ a1z + c2x?,

where the last line is obtained from Lemma 4. Hence,

T0o = co—Ylogd—yry —1po,
mn = —¢p1,
Ta = C2 —’(ﬁpg.

Substitute for cg, c1, co from Lemma 4 and use the expressions for pg, p1,ps derived in Lemma 3 to solve for
To,T1, T2, as stated. [ |

A.2 Main results

Proposition 1 The optimal shares are linear in the state variable, as postulated in candidate (11).

Proof. Using Lemma 1, observe that:

O(log ac)ist  — Covy [Ti,t+1 ,log Oéc,t+1],
= Cov; [Ui,t+1; b1 ($t+1 - Et$t+1) + ba (mf_i_l - Etl"?“)],
{b1 + 2b2[u(1 — ¢) + o]} oy
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Substitute in the log-linearized Euler equation (14) to obtain:

2 o = Y S Ey(rieq1 —rf) + 0504 + (i_;z,) {b1 +2bo[p(1 — ¢) + ¢$t]}‘7z’n} ;
= ,)ﬁl 0.50; + (i—;il) Uin[bl + 2b2,u(1 — ¢)]} + 'y*l {el- + (i_;zj) Ui"2b2¢} Tg.

Proposition 2 The optimal shares are as postulated in the candidate solutions (10) and (11).

Proof. In Lemmas 5 and 6, equate the parameters 79, 71,72 to obtain that:

0 = {=0.5(1—7)/(1—¢)[bF + 4bibopu(1 — @) + 4b5*(1 — ¢)*] — bo}o
+0.5(1=7)/(1 = )b3(07) = (1 =) 323 (b1 + 2b2p(1 = B)]aio, (15)
+0.5(1 — )y 22, 22 aviaojos; — 0.5(1 — ) -, aoioii
+iplogd — (1 —¢)ry —bo(p —1)/p — bip(1 — ¢) — bop®(1 — ¢)* — k

in the case of 79, whereas

0 = —(1—=7)/Q1Q~)[2bibo¢ + 4b3¢u(1 — ¢)]o;
—(1 =) Y ;[brax; + 2badag; + 2b2p(1 — P)asi]oy;

16
+0.5(1 =)y 32, 22 (aviar; + agjari)os; — bi(pp —1)/p (16)
—2bopup(1 — ¢) — (L =9) 3=, aviei — 0.5(1 =) 3=, a1i04
in the case of 71, while
0 = —2(1=7)/(1 = Y)F0 = Si[20 = Nbadogi + (1 = B)eifan )
+0.5(1 =)y X2, 3o ariarjoij — ba(pg® —1)/p
in the case of 7.
Next, solve (14) for the portfolio:
a; = o 'yH{0.50; + (1 —7)/(1 —)ay[b + 2bop(1 — $)]}
+o vy e+ (1—9)/(1 —4)o,2b20} z,
= Qg+ ai1x;-
Recall that o; = [011,...,0nn] and 6, = [01p,...,0ny]. Denote kK = o' the inverse of the covariance
matrix with k; the i*® column. Then, the loadings for optimal shares are:
ag; = aoo; + ao1ib1 + ao2ibe, (18)
a1; = aoi + a12ibz, (19)
where,
agoi = 0.5 'Kjoy; aoi = (1—7)/(1 =)y 'Rioy;  ao2 = (1=7)/(1 =)y 'Kjo,2u(l - ¢);
a10i = 77 Kje; a12: = (1 =7)/(1 = ¢)y ' Kjo,26;

which establishes that the loadings ag, a; are constant functions of the b’s. Substitute the resulting expres-
sions in (15-17) to obtain that:

0 = B®+ Bgbo + B{by + B5by + B, b + B{,biby + B3,b3, (20)
= B’ + Blb; + Bibs + Blybiby + BS,b3, (21)
= B°+ BSby + BS,b2, (22)
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where,

B = 05(1 — ¢)7 Zi Z]’ aool'aooj(f,']‘ - 05(1 — ’lﬁ) Zz ap0;0ii
+logd — (1 —¢)ry — k,
B = —(p—1)/p,
BY = —(1=7)X;a00i0mi +0.5(1 =)y ;3= (acojaori + aooito1;)0ij
=0.5(1 —¢) 32, aotios; — p(1 — ¢),
By = —o2—2(1—7v) 2, u(1 = d)agoion — p*(1 — ¢)°
+0.5(1 =)y 32, >, (a00ja02i + agoio2;)os; — 0.5(1 — ) 3. ao2i04,
By = —-05(1-7)/Q- ) — (1 =7) X a01iomi +0.5(1 —¢)y 32, 32, aoiio15045,
Bfy = =2(1-7)/(1=9)pl = ¢)oy — (1 —7) 3;[20(1 — $)aor; + aoziloy:
+0.5(1 =)y >, Zé(amzaozj + a01;002i) 035,
Bfy = 20— )/ = a1 - 602+ 0.5(1—7)/(L~ §)(2)? ~ 20 ) Ty (1~ Saszioy
+05(1 —¥)v 32 25 ao2za021‘7w
Similarly,
B = —(1-4)Yeia00i +0.5(1—9)yY,; > ;(ao0ia10 + @o0ja10i)0i;
=0.5(1 =) >, ar0i0ii,
B = —(1-9) > i aw0ioy — (L—1) 32, eiaoni +0.5(1 =)y 3=, Zj(G’Olialoj + a015010:) 045
—(pp —1)/p,
B} = —2(1-19)%;p(1 = ¢)aiioy — 2(1 =) 3, daceion; — (1 =) 3, esaozi
+0.5(1 =)y, E (@00ia12; + 02105 + Qo0jQ12; + G02010:)0i5 — 2uP(1 — @)
—0. 5(1 - ¢) E A12;044,
By, = —2(1—7)/(1=9)pol — (1 —7) X (a12i + 2¢a01:)on;
+0.5(1 =)y 322, (aouam + ao15012i)03j,
By = —4(1—7)/(1- )¢,U(1 - ¢)U —2(1 =) 22wl — @)arsi + pagailoy
+0.5(1 — )7y >, E (a02i012; + Q02 012i)03;-
Finally,
Be = —(1-4) 3 eia10i +0.5(1 =)y, 325 a10ia10504;,
B = —2(1—17)),; dopiarei — (1 —9) >, e;a1z;
+0.5(1 = )y X5 2 (ar0ianzj + arojarzi)oij — (pp* — 1)/ p,
BSQ = —2(1 - '7)/(]. - ¢)¢20727 - 2(]. - "y) Zz ¢012z’0'77,' + 05(1 - ’(ﬁ)’y Ei Z]- @12;012504j -

The system (20), (21), and (22) defines a recursive quadratic system in bg,by,bs. To solve, use the
following procedure:

1. From (22), solve for by as:

by = {—B5 £ [(B;)” — 4B°Bg,]'/*}/(2B°).

Following Campbell and Viceira (1999), only the positive root is relevant.

2. Substitute for by in (21) and solve for by as:

by = —(B® + Biby + BS,b2)/ (Bt + Bl,bs).
3. Substitute by, by in (20) and solve for by as:

bo = —(B" + B{b1 + B3bs + B{;b} + B{,b1bs + B5,b3)/Bj.

4. Finally, substitute bg, b1, b2 in the expressions (18) and (19) and solve for ag;, a1;-

It follows immediately that the loadings are constant as postulated. [
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B Maximum Likelihood Procedure

The multivariate stochastic excess-return process (7—8) is rewritten as:

=i &2 e ¢2)f () +v1, (23)
(1= (52) A-g-g (&)] ,[o a-gre] [0 ()
) S MU | RS
1] ().
(24)
or, more compactly as
ri =Cf v, (25)
Fe=8 +&.f i1 +&:(me/oy). (26)

The expression (25) corresponds to a measurement equation that relates the observable excess returns 7§
to the unobservable common factors f,. The expression (26) is the transition equation which describes the
stochastic properties of the common factors. As is standard practice, these equations imply orthogonal factors
with unconditional variances equal to one. Furthermore, the sensitivity parameter e;,. of the corporate-equity
excess return rf, ., to the state variable z; is fixed to unity. This normalization ensures the identification
of all other individual parameters involved in (25-26), rather than simply the products (eo,) and the ratio
(#/oy). The normalization also guarantees the identification of the sign of ;.

The free parameters of the process (25)—(26) are estimated by applying a maximum-likelihood procedure.
This procedure first applies the Kalman filter to yield:

Fipr =B fi=8 +&Fi1/i1 (27)

Aijio1 = B a(Fof1) = &1 010181 + €265, (28)
Ug/p—1 = (r{ — By 17ri) =7f — Cft/t—u (29)

i1 = Boa(wuy) = (A1 4w, (30)

Fip = E(f) = Foppn + At/t—lclzt_/}g_lut/t—la (31)
A= E(foft) = AMyjp1 — At/tflCIEt_/LlCAt/tfl, (32)

where w = E;_1 (vv}). The prediction equations (27) and (28) establish the forecasts of the current variables
given lagged information. Equations (29) and (30) provides the prediction error and its covariance matrix.
The updating equations (31) and (32) revise the forecasts given the availability of current information. These
updates provide the best (in the conditional mean square error sense) estimates of the unspecified factors.
The formulae (27)~(32) are evaluated recursively for ¢ = 1,...,T by initializing fo,, = (I —&;)7'&, and
Ay /o = I from the unconditional moments, and by giving values to the parameters ® — where ® comprises
all the unconstrained elements of e and w, as well as u, ¢, A, and U?].

The Kalman filter is used to construct the approximate log-likelihood of the sample (ignoring the constant
term) associated with conditionally Gaussian unanticipated components:

T T
1 1 -
L(’U,, @) = —5 E log |Et/t71| — 5 E ué/tflxtﬁ_lut/t,l. (33)
t=1 t=1

Then, the estimates are derived by maximizing (33) over the parameters ©@. This exercise is performed by
using the DFP algorithm in GQOPT.
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Tables

Table 1: Comparisons with Other Measures of Total Wealth

A. Wealth-income ratio

mean std. dev. min  max
Wie|Y 6.50 061 538 7.72
Wee/Y  30.99 246 27.59 36.24
Wpoa/Y 34.85 1.03 32.78 36.06
Wpo2/Y  59.52 2.43 53.75 63.60
B. Portfolio excess returns
mean std. dev. min  max
T, 12.08 2.84 10.28 26.81
The 2.88 1.87 -0.95 8.64
Tou1 3.21 2.94 -3.43 12.86
Tou.2 2.34 2.92 -591 6.33

Panel A, sample covers the 1949-1981 period. Panel B, sample covers the 1950-1981 period.
Excess portfolio returns on total wealth is ry = [Wy/(W;—1 — C¢—1) — 1] minus the riskfree rate.

rc¢ Replacement cost method. Total capital, year-end totals (Eisner 1989, table 13, pp. 263-66).

be Budget constraint method. Total wealth and portfolio return are constructed recursively

from equations (1) and (2).

pvu, 1 Present value of method. Total human wealth plus total tangible and total financial assets.
Human wealth is the expected net present value of labor income (compensation of employees,
wages and salaries), which is assumed to follow an first-order auto-regressive process. Rate

of discounting is fixed at 3.5%.

pv,2 Present value method. Incomes related to human wealth include both labor income and the
value of nonmarket activities. Full private national wealth (Jorgenson and Fraumeni 1989,

table 5.32, p. 271).
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Table 2: Descriptive Statistics: Empirical Shares

A. Means, standard deviations and extrema (in %)

mean std. dev. min max
Q. 1.85 0.19 1.59 2.19
Oldep 1.69 0.31 1.19 2.21
Qres 1.55 0.82 0.71 4.06
Qine 1.62 0.61 0.82 3.10
Qpine 2.32 0.34 1.70 3.01
Ahome 2.18 031 1.71 2.90

B. Correlations (in %)

Oldep Olres Qinc Uninc  Chome
o8 78.45 8991 -14.26 -61.13 67.73
Qdep 48.89 -24.97 -34.19 T71.73
Qres 9.99 -73.56 49.85
Qine -47.55 -48.73
Qnine -22.81

Note: Panels A and B, a, is the consumption share: a.; = Ci/Wi. OQgep, Qres, Qines Onine and
apome are the portfolio shares associated with deposits, reserves, as well as corporate, noncorpo-
rate and home equities, i.e. a;; = W; /W;. The sample covers the 1945-1998 period.
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Table 3: Descriptive Statistics: Empirical Excess Returns

A. Means, standard deviations and extrema (in %)

mean std. dev. min max
T, 2.66 3.15 -2.24 15.18
Tep 2.97 3.84 -4.79 11.25
Tles 6.01 3.90 -4.43 15.27
T5e 5.16 17.18 -40.94 38.25
T ine 1.80 483 -6.91 15.50
T} ome 3.25 543  -9.15 16.41

B. Correlations (in %)

e e

Tgep Tﬁes Tinc Tninc Tzome
T 31.33 22.69 -1.08 73.75 59.47
e 23.54 2077 44.00 45.53
re,, 73.17 12.09 29.85
re 554 10.04
Ty ine 70.91

Bip 0.38 028 -0.06 113 1.03

Note: Panels A and B, excess returns are the returns on the total wealth portfolio:
rpi+1 =Yy /(W = 1y),

and on individual assets:
rig1 = Wi /[oit(We — Cp)] — 1,

minus the riskfree rate. rp is the excess return on total wealth portfolio. 7§, T7es, Tines Thine
and rf,,,. are the excess returns on deposits, reserves, as well as corporate, noncorporate and
home equities. J;, is total wealth portfolio beta of asset ¢. The sample covers the 1946-1998

period.
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Table 4: Maximum Likelihood Estimates

A. Multivariate stochastic process for excess returns

ri = exi—1 + [(e/N)n + vy,

zy = p(l — @) + oz 1 + 0y,

w = E[nwy],

03 = E[n?], where

e __ e e e e e !
ry = [rdep,ﬁ rres,t’ rinc,t’ Tninc,t’ Thome,t] ’

_[o0770 1.030 1.000 0.761 1.061 ]’
~ 1 (68.14) (68.09) (—) (68.24) (68.20)]°
Diag(w!/?) = | 0029 0050 0171 0.034 0.034]
& ~ | (6.64) (6.91) (10.04) (6.22) (5.39) | °
A = 1459, p = 0038, ¢ = 0456, (o2)/2 = 0.027.
(2.02) (0.002) (1.86) (1.83)

B. Derived conditional second moments (CSM)

o
On
Corry,
SR,

F1.048¢ — 03
(2.53)
2.683e — 04
(0.62)
2.604e — 04
(0.63)
1.981e — 04
(0.62)
2.762¢ — 04

| (0.62)

[3.791e — 04
(0.78)

Corr,, =

Sth[

= (e/)\)az,(e/)\)’ +w,
= (e/Nob,
= 0;1077 (02)71/2a
= o;'er;, where o2 = Diag(o), and
2.814e — 03
(2.98)
3.487e — 04 0.030
(0.63) (5.05)
2.653e — 04 2.575¢—04 1.363e — 03
(0.62) (0.63) (2.85)
3.697e — 04 3.589¢ — 04 2.730e — 04 1.520e — 03
(0.62) (0.63) (0.62) (2.06)

5.075e — 04 4.926e — 04 3.748¢ —04 5.224e —04

(0.78)

0.437 0357 0.107 0.379 0.501
(1.56)

(1.76)

23.785 19.417
(5.32)

(6.30)

(0.79) (0.78) (0.78)

'

(0.43) (1.58) (1.99)

5.774
(26.87)

20.613 27.214
(5.88) (4.32)

'

Note: Entries are the maximum likelihood estimates (¢-statistics), except for e;,. which is normal-
ized at unity to identify the other parameters, and the sign of the state variable — see Appendix B
for details. For Panel B, the t-statistics use the variance of each CSM, which is computed as
D'o D - where D is the vector of analytical derivatives of each CSM with respect to the param-
eters of the multivariate stochastic process for excess returns. The sample covers the 1946-1998

period.
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Table 5: Means of Predicted and Empirical Shares

A. Predicted shares

Preferences

ac

adep Olres Uine Unine Qhome
vy=1
¥ =1 4.00*** 1844* 881* 118*** 1337** 1893**
1/4  72.62*** 1844* 881* 118*** 1337** 1893**
1/10 78.71*** 1844* 881* 118*** 1337** 1893**
1/40 81.21*** 1844* 881* 118*** 1337** 1893**
vy=4
=1 4.00*** 302*  147* 23" 220** 310**
1/4  12.60***  311* 151*  24*** 227 319**
1/10  14.57*  313*  152*  24*** 228** 322**
1/40 15.60***  314* 152*  24*** 229** 323**
v=10
=1 4.00*** 116* 56*  9.2%** 84** 119**
1/4  5.32%* 116* 57*  9.2%** 85** 119**
1/10  5.60*** 116* 57*  9.2%** 85** 120**
1/40  5.70** 116* 57  9.2%** 85** 120**
v =40
P =1 4.00"** 28 14 2.3 21* 29**
1/4  2.45* 28 14 2.3 21* 29**
1/10 2.14 28 14 2.3 21* 29**
1/40 1.98 28 14 2.3 21* 29**
B. Empirical shares
1.85 1.69 1.54 1.62 2.32 2.18
Note: A. Predicted shares:
logac: = bo+ bz + boa?,
oy = ag+a1x,

where @, = exp[E(log a. )] is defined as the mean of consumption share. Portfolio shares @gep,
Qres, Qines Anine, and Cpome associated with deposits, reserves, as well as corporate, noncorporate,
and home equities are evaluated at the mean of z;. B. Sample estimates of the average empirical
shares. All values in percentage. *, **, *** indicate that the difference between the predicted
and empirical means is significant at the 15, 10 and 5 percent levels respectively. These tests are
performed by using the variance of the difference, which is computed as D'g D — where D is the
vector of numerical derivatives of the difference with respect to the parameters of the multivariate
stochastic process for excess returns. The sample covers the 1945-1998 period.
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Figure Legends

1.

Total wealth of households and nonprofit organizations held in corporate equity (Board of Gover-
nors 1999, series FL.153064105) divided by aggregate consumption of nondurables and services (source
NIPA). The sample covers the 1945-1998 period.

. The sample covers the 1945-1998 period.

Qeps Qres; Qinc, Onine ad Qpome are the empirical portfolio shares associated with deposits, reserves,
as well as corporate, noncorporate and home equities. The sample covers the 1945-1998 period.

The solid lines are the excess returns. The dashed line is the Kalman-filter estimate of the state
variable. The sample covers the 1946-1998 period.

The solid line is the empirical excess return on corporate equity. The dashed line is the historical excess
return on the S&P500 stock-market index. The sample covers the 1946-1998 period.

The solid line is the Kalman-filter estimate of the state variable. The dashed line is the historical
dividend yield on the S&P500 stock-market index. The sample covers the 1945-1998 period.

Qep, Oress Qlines Onine and Qpome are the predicted portfolio shares associated with deposits, reserves,
as well as corporate, noncorporate and home equities. The shares are evaluated for different values of
v € [1,40], with ¢» = 1/40, and =x; set to its sample mean. The sample covers the 1945-1998 period.

43



Figures

25 .

15F .

0.5
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Figure 1: Corporate Equity Relative to Consumption
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Figure 2: Empirical Consumption and Portfolio Shares
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Figure 3: Empirical Composition of Risky Assets Relative to Corporate Equity
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Figure 4: Empirical Total Wealth Portfolio and Individual Excess Returns
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Figure 5: Empirical Excess Returns on Corporate Equity, and the S&P500 Index
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Figure 6: Kalman-Filter Estimate of the State Variable, and Empirical Dividend Yield on the S&P500 Index
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