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Abstract

In this paper we extend the concept of ultimate consumption risk analyzed by Parker and Julliard
(Journal of Political Economy, 2005), and we evaluate the Consumption Capital Asset Pricing Model by
employing as an explanatory variable consumption risk over the frequency domain. We find that at lower
frequencies consumption risk explains up to 98% of the cross-sectional variation of expected returns and the
equity premium puzzle is resolved. Our evidence is consistent with a coefficient of risk aversion between 1
and 4 in the very long run.
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1. Introduction

A persistent puzzle in the macroeconomics and finance literature has been the failure of the
Consumption Capital Asset Pricing model (C-CAPM), which measures risk by consumption beta,
first to explain empirically the differences in expected stock returns by the variation in the covariance
of consumption and returns, and second to provide plausible levels of risk aversion.! In this paper
we re-evaluate the validity of the C-CAPM and provide additional insights into the relationship
between returns and long-term consumption dynamics, as well as its implications for risk aversion,
by assessing the explanatory power of consumption risk over the frequency domain. Our findings
indicate that as lower frequencies of consumption risk are taken into account and thus the horizon
of consumption growth increases (eventually reaching infinity), consumption risk explains almost
entirely the cross-sectional variation of expected returns and, moreover, is consistent with reasonable
and statistically significant values of the coefficient of risk aversion.

The idea of measuring the risk of a portfolio by its covariance with consumption over longer
time horizons is not novel. Brainard et al. (1991) have shown that the performance of the C-CAPM
improves as the horizon increases. Breeden et al. (1989) argue that at short horizons consumption
should be replaced with a portfolio that exhibits higher correlations with long-run movements in
consumption. Daniel and Marshall (1997) find that aggregate returns and consumption growth are
more correlated at lower frequencies and that the behavior of the equity premium becomes less
puzzling. More recently, Bansal and Yaron (2004), Bansal et al. (2005), and Hansen et al. (2005)
show that when consumption risk is measured by the covariance between long-run cashflows from
holding a security and long-run consumption growth in the economy, the differences in consumption
risk provide useful information about the expected return differentials across assets.

The papers closest in spirit to ours are Parker (2001, 2003) and, in particular, Parker and Julliard
(2005). These studies focus on the ultimate risk to consumption, which is defined as the covariance
between an asset’s return during a quarter and consumption growth over the quarter of the return
and several following quarters. According to the empirical evidence, ultimate consumption risk

explains the cross-sectional variation in returns surprisingly well, but the equity premium puzzle

!See, among others, Mankiw and Shapiro (1986) and Breeden et al. (1989). Mehra (2003) and Cochrane (2005)
provide extensive surveys of the relevant literature.



persists and high levels of risk aversion are required to line up the model with the data. While similar
in spirit, our approach allows for long-term consumption dynamics by performing a dynamic analysis
of consumption risk with the C-CAPM at several frequencies rather than over the time domain.
As pointed out by Granger and Hatanaka back in 1964, according to the spectral representation
theorem a time series can be seen as the sum of waves of different periodicity and, hence, there
is no reason to believe that economic variables should present the same lead/lag cross-correlation
at all frequencies. We incorporate this rationale into the context of the single-factor C-CAPM by
using well-developed techniques to estimate the coherency (the analog of the correlation coefficient
in the time domain) and the gain (the analog of the regression coefficient) between returns and
consumption risk over the frequency domain.?

The advantage of measuring the portfolio risk of consumption over the whole frequency domain
is that it enables us to separate different layers of dynamic behavior within the standard C-CAPM
by distinguishing between the short run (fluctuations of 2 to 6 quarters), the medium run or
business cycle (lasting from 8 to 32 quarters), and the long run (oscillations of duration above 32
quarters). If consumption risk is a more persistent process than suggested by the conventional
analysis, identifying the impact of lower frequencies of consumption risk can alter the implied
long-run riskiness in ways that are empirically important and cannot be addressed by standard
time-domain techniques, which aggregate over the entire frequency band and are not robust when
frequency variations are large.?> Moreover, our approach can circumvent several caveats associated
with unmodeled frictions, time aggregation or measurement error in the consumption data, which
are often found to account for the short-run predictability of the pricing errors.?

In this respect, cross-spectral analysis provides a powerful tool for the exploration of unknown
relationships between two series where the correlation structure may vary over the time horizon

considered. To our knowledge, the spectral estimation of the C-CAPM has only been previously

considered by Berkowitz (2001), who provides a framework for estimating parameters of a wide

2See Hamilton (1994) for a general overview of spectral analysis.

3For example, employing a standard VAR model between 2 variables and k lags requires the solution of a 2k
eigenproblem for both eigenvalues and eigenvectors to assess the relative importance of each cyclical component.
More importantly, the limiting covariance structure as the horizon tends to infinity cannot be estimated.

“See Grossman ct al. (1987) and Wheatley (1988).



class of dynamic rational expectations models in the frequency domain. The author applies his
Generalized Spectral estimation technique to the C-CAPM under the assumption of constant rel-
ative risk aversion and finds that when the focus is oriented towards lower frequencies both risk
aversion and the discount factor attain more plausible values. These findings indicate that the
empirical failure of the C-CAPM is due to high-frequency noise that the model is not capable nor
intended to match in the time domain. Going a step further in this direction, the approach adopted
here allows us to examine the (range of) frequencies along which C-CAPM performs poorly or well
rather than simply rejecting or accepting its empirical fit.

We use the 25 Fama-French size and book-to-market portfolios to explore the implications of
spectral analysis for the C-CAPM. We find that at lower frequencies consumption risk explains
up to 98% of the cross-sectional variation of expected returns and the equity premium puzzle is
eliminated. In addition, we show that the value of risk aversion implied by the use of long-run
consumption risk of stockholders becomes as low as 3.3 to 4.3. This range of values stems mainly
from the increased variability of long-run consumption, which is inversely related to risk aversion,
and is far below the level of 10 considered as reasonable by Mehra and Prescott (1985). Our
findings are robust to the definitions of the variables, the sample span and the set of portfolios
utilized. We also relate the use of consumption risk over the frequency domain with the ultimate
consumption risk approach by Parker and Julliard (2005), and we are able to find a significant
reduction for the estimates of risk aversion. Finally, given the importance of long-run consumption
risk for the dynamics of the C-CAPM, we address the impact of long-term risk-free rates within
the spectral approach. We find that the model preserves its significance and continues to yield
plausible values of risk aversion for low frequencies of consumption risk, which lie between 3.5 and
1 for risk-free rates with longer maturity. Thus, we confirm that long-term consumption risk can
provide useful information for the variation of excess returns in the context of the single-factor
C-CAPM by reconciling through our spectral approach the increased importance of consumption
dynamics over the very long run with plausible values of constant relative risk aversion.

The rest of the paper is organized as follows. Section 2 presents long-term consumption risk

within the C-CAPM and its modified version in the context of spectral analysis. Section 3 describes



the estimation method and the data. Section 4 presents the empirical results for consumption risk
over the frequency domain. Section 5 presents some robustness tests and section 6 provides a
comparison with ultimate consumption risk. Section 7 investigates the impact of long-term risk-

free rates and, finally, section 8 concludes the paper.

2. Expected returns and the risk to consumption over the frequency domain

The standard C-CAPM assumes that the representative household maximizes the expected
present discounted value of utility flows from consumption by allocating wealth to consumption
and different investment opportunities. At the optimal allocation a marginal investment at time
t in any asset should yield the same expected marginal increase in utility at ¢ + 1, which for the

constant relative risk aversion utility function implies that:
BlC i Rin] = EACR] (1)

where Cy11 is consumption at ¢t + 1, ;41 is the gross real return on portfolio j of stocks unknown
at t and known at t + 1, Ri ¢41 is the gross real return on a risk-free asset between ¢ and ¢ + 1, and
~ is the representative household’s constant coefficient of relative risk aversion. Equation (1) can

be written as a model of average cross sectional returns by manipulating it to a beta representation

or factor model, in which the expectation of the equity premium, F [Rj,t 1l =ERj1— R{ ie1)s 18

given in terms of covariances by:
B[R] 11] = a0+ B0 (2)

Cov[AInCiy1,R5 4] YVar[Aln Cyi1] : .
where ag = 0, ;7 = Ve AmC] Ao = FiAmC] Equation (2) provides an exter-

nal test of the structure embodied in the model with consumption growth, AlnCj1q, being the
stochastic discount factor that prices returns. The estimated ag should be equal to zero and the
expected excess return on a portfolio is equal to the scaled consumption risk of the portfolio, 3, Ao-
The estimated Ag and moments of consumption growth imply a level of the risk aversion for the

representative investor according to:

Ao
7T E[AMCralho + Var[An Cp ]
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Equations (1) to (2) evaluate the risk of a portfolio based solely on its covariance with contem-
poraneous consumption growth. They maintain the assumption that the intertemporal allocation
of consumption is optimal from the perspective of the textbook model of consumption smoothing,
so that any change in marginal utility is reflected instantly and completely in consumption.

Now, departing from the time domain to the frequency domain, we can rewrite equations (2)
and (3) for each frequency. After dropping the time subscript for notational simplicity, we get that
the beta-form representation is given by the response of excess returns to consumption risk over

the whole band of frequencies, w, where w is a real variable in the range 0 < w < 7:°

E[R]] = aw + B, \w (4)

where

B B _ Yfamcamc(w)
Q= O,Bij = GR;?,AlnC(W)a Aw = E[l —yAlnC,w] ®)

The cross-spectrum between any two variables is complex-valued, therefore it can be decomposed

into its real and imaginary components, which are given here by:

fre ameo(W) = Creamc(w) — iQRe amo(w), (6)

where C R;;Alnc(w) is the co-spectrum and Q RJ‘?,AlnC(W) is the quadrature spectrum. The measure
of comovement between returns and consumption risk over the frequency domain is the well-known

squared coherency, c%%e_ Alnc(w), defined as:
J7

2
2 2
fre.amo(w) Cheamc + @re amc

625 n w) = = 7
Rj.AlL clw) famcame(W)frere (W) famc.amo(w)fre e (w) @)

o0
®Tn general, the spectrum of a process, say @, can be written as fu.(w) = py + 2 pj, cos(kw), where p, is the k-
k=1

order autocovariance function of the series. In turn, we can consider the multivariate spectrum, Fys(w), for a bivariate
zero mean covariance stationary process Z; = [yt,xtr with covariance matrix I'(-), which is the frequency domain
analog of the autocovariance matrix. The diagonal elements of F,,(w) are the spectra of the individual processes,
Sfyy(w) and frz(w), while the off-diagonal ones refer to the cross-spectrum or cross spectral density matrix of y; and

7. In detail, Fye(w) = 5= > T(k)e ™ = {fm (W) fue (w)}’ where Fy;(w) is an Hermitian, non-negative definite
k=—o0 Jay(W)  fyy(w)

matrix, i.e. Fys(w) = Fy,(w), with * denoting the complex conjugate transpose since fyz(w) = fay(w).




where 0 < CRe, Amnc(w) < 1. Intuitively, coherency provides a measure of the correlation between
the two series at each frequency and can be interpreted as the frequency domain analog of the
correlation coefficient. We can then define the gain as:

frRe,amc(w)

Grsamo(w) = famcAamc(w) ®

which provides a scalar measure of the amplitude of the relationship between the components at
hand at each frequency. The gain can be interpreted here as the beta coefficient of the w—frequency
component of RS on the corresponding component of AInC.

Once the price of risk, A, is estimated from a cross-section regression, the implied relative risk

aversion of the representative agent at each frequency can be retrieved by:

Aw
Yo = EAInC,wlA, + famcamc(w)]

which is the analog of (3) in the frequency domain.

3. Estimation methodology and data
In this section we first outline the estimation methodology of the C-CAPM in the context of the
spectral analysis developed above and then we present the dataset and briefly discuss the spectral

properties of the data.

3.1. Estimation methodology

Estimation of (2) is typically performed in the literature within a two-step approach. The
first step involves a time series regression of the return of the j portfolio onto a constant and
consumption growth, AlnCii1, in order to obtain an estimate of the slope coefficient 3;,. As a
second step, the estimated coefficients are employed in the cross-section regression (2) in order to
get the estimate of the price of risk, \g.5 By employing excess returns, we can test whether our
model contains an equity premium by simply testing the significance of the constant. The adjusted

R? of this equation measures the fraction of the cross-sectional variation explained by the data.

5See Fama and French (1992). Alternatively, the Fama and MacBeth (1973) methodology can be employed.



Furthermore, inference regarding the risk aversion of the representative investor can be conducted
taking as given the mean and variance of consumption growth by employing (3) with the standard
errors of v calculated by the delta method.

Our methodology differs in the way betas are obtained by calculating from (8) the gain between
each portfolio excess return and consumption growth for every frequency. Specifically, the spectra
and co-spectra of a vector of time-series for a sample of T observations can be estimated for a
set of frequencies w,, = 2mn/T, n = 1,2,...,T/2. The relevant quantities are estimated through
the periodogram, which is based on a representation of the observed time-series as a superposition
of sinusoidal waves of various frequencies; a frequency of m corresponds to a time period of two
quarters, while a zero frequency corresponds to infinity. However, the estimated periodogram is an
unbiased but inconsistent estimator of the spectrum because the number of parameters estimated
increases at the same rate as the sample size. Consistent estimates of the spectral matrix can
be obtained by either smoothing the periodogram, or by employing a lag window approach that
both weighs and limits the autocovariances and cross-covariances used.” We use here the Bartlett
window that assigns linearly decreasing weights to the autocovariances and cross-covariances in the

neighborhood of the frequencies considered and zero weight thereafter.®

3.2. Data

For our portfolios and returns series we use quarterly returns on the 25 Fama and French
portfolios, which are the intersections of 5 portfolios formed on size (market equity, ME) and 5
portfolios formed on the ratio of book equity to market equity (B/M). B/M used during a fiscal
year is based on the book equity for the previous fiscal year divided by ME for December of the
previous year. The B/M breakpoints are the NYSE quintiles. The portfolios include all NYSE,
AMEX, and NASDAQ stocks for which there is market equity data for December and June of the
previous fiscal year, and (positive) book equity data for the previous fiscal year. The series are

available on a monthly basis and excess returns are constructed by subtracting the three-month

T-1
"For example, the spectrum of z; is estimated by foz(w) = 5= >, w(k)pre
k=—(T—1)

~ where the kernel, w(k), is a

series of lag windows.
8The lag, k, is set using the rule k = 2y/T, as suggested by Chatfield (1989).



Treasury Bill rate, which proxies the risk-free rate. To match consumption data we use a quarterly
frequency and set our timing convention so that R;; 1 represents the return on portfolio j during
the quarter ¢ + 1. We measure consumption as personal consumption expenditures on nondurable
goods from the National Income and Product Accounts. We make the ‘end-of-period’ timing
assumption that consumption during quarter ¢ takes place at the end of the quarter. The data are
made real using a chain weighted price deflator, spliced across periods, produced by the Bureau of
Economic Analysis. These series determine the sample, which covers the second quarter of 1947 to

the last quarter of 2001, and the frequency (quarterly) utilized.’

3.8. Spectral properties of the data

Before moving on with the estimation results, we report some evidence on the comovement
between returns and consumption growth in the frequency domain. Figures 1A and 1B depict the
spectra of the series under scrutiny (along with 95% confidence intervals) and can be interpreted as
the variance decompositions over various frequency bands (stated as a fraction of 7).!1% As can be
readily observed, the variability of returns does not exhibit substantial changes over the frequency
domain. On the other hand, the variability of non-durables consumption is muted for 2 to 32
quarters; however, for horizons exceeding 32 quarters a steep increase is prevalent. As ¢ approaches
infinity, the variance of consumption is seven times greater than its 32-quarter value and 52 times
greater than its short-run value. The concentration of variance in low frequencies is an indication
of short-term correlation in consumption growth, such as an AR(1) with a positive coefficient,
rather than an indication of non-stationarity of the process, which can be ruled out for the series
at hand.!' This finding has direct implications for the subsequent analysis, especially when the
coefficient of risk aversion is calculated from the estimates of our model. Since the variance of

consumption growth is inversely related to the coefficient of risk aversion by (3), we expect that as

We obtained the Fama and French portfolio data from Kenneth French’s web page
(http://mba.tuck.dartmouth.edu/pages/faculty /ken.french/data_library.html). The rest of the data were ob-
tained from Jonathan Parker’s web page (http://www.princeton.edu/~jparker/research/crisk.html); see Parker and
Julliard (2005) for a more detailed description of the dataset.

0Confidence intervals were derived based on a normal approximation of the spectra of the series; see Priestley
(1981) for a detailed description.

See Campbell (2003, section 3.2) and the references cited therein for some evidence the properties of US con-
sumption growth.



the lower frequencies are taken into account, risk aversion will decrease.

Figure 1C presents the coherency (along with 95% confidence intervals) between the market
excess return and non-durables consumption growth for all frequencies. This analysis has been
undertaken for every portfolio but to save space we report only the results for the aggregate market
return. Overall our estimates suggest that the correlation (measured by coherency) between re-
turns and consumption growth exhibits an upward trend as we move from high to low frequencies.
Specifically, as regards the short-run correlation for frequencies between 7 and 77/8 corresponding
to around 2 quarters, coherency fluctuates around 20%. Then it plunges to around 5% and steadily
increases to reach a local peak of 60% at frequencies corresponding to 3-4 quarters. Two more
cycles are observable with peaks at 6 and 16 quarters. The maximum is reached at zero frequency,
i.e. for an infinite horizon. In this case, the coherency between the series at hand is estimated
at 79%. On the whole, the short-run correlation between returns and consumption growth is low,
the business-cycle correlation amounts on average to roughly 50%, while the long-run correlation

exceeds 70%.

4. Empirical findings

This section asks whether consumption risk explains the cross-sectional variation in expected
returns for various frequencies. In particular, the questions we seek to answer are the following.
First, does consumption risk at various frequencies explain a large share of variation of average
returns? Second, is the price of risk, A, statistically significant? Third, does the estimate of «,
corroborate the existence of an equity premium? Last, what is the estimate of the risk aversion
coefficient, ,,7?

To allow for comparisons with the rest of the literature, in this section we take the standard route
and we estimate the model by employing non-durables consumption and gross excess returns from
the Fama-French 25 portfolios. As a first step, we estimate model (4) by imposing the coefficient
restriction «,, = 0. Table 1 (Panel A) reports the estimation results for a range of frequencies
corresponding from 2 quarters to infinity. The first row reports the results for the highest frequency
considered (which corresponds to two quarters in the time domain). Our results suggest that at this

frequency consumption risk does not explain variation in returns and is associated with a significant



and positive price of risk (given by the estimate of A, ). Moreover, the coefficient of risk aversion
is estimated at 71 and is found to be significant. These findings are in line with those typically
reported in the literature on the C-CAPM. As we move to lower frequencies (and consequently
increase the time horizon) consumption risk still fails to explain a larger share of the cross-sectional
variation; however, the implied risk aversion declines almost monotonically and reaches 8.8 for
the 16-quarter horizon. When even lower frequencies are taken into account the performance of
the model improves substantially. For the 32-quarter horizon, consumption risk is positive and
significant and explains 66% of the cross-sectional variation of the returns. More importantly, the
coefficient of risk aversion is significant and reduced to 4.6. The performance of the C-CAPM is
further improved at zero frequency (infinite horizon). The model succeeds in explaining 98.1% of
the cross-sectional variation of returns. The associated price of risk is significant and estimated at
0.007, almost three times greater than, for example the one at 2-quarters. More importantly, risk
aversion is estimated at just 4.3 and remains significant.

Next, we assess model (4) by estimating «, rather than imposing a, = 0. In this respect, we
separately evaluate the ability of the model to explain the equity premium and the cross section of
expected stock returns, and we are able to measure the extent to which the model addresses the
equity premium puzzle. Panel B of Table 1 reports the estimation results. The evidence suggests
that at a high frequency consumption risk does not explain variation in returns and is associated
with a significant equity premium of the magnitude of 2.3% per quarter. Moreover, the coefficient
of risk aversion is estimated at 42.5 and found to be insignificant. This poor performance of con-
temporaneous consumption risk is also depicted in the left upper panel of Figure 2, which plots the
consumption betas (gains) and the average realized returns along with the second-stage regression
line associated with this frequency. The overall picture indicates an almost flat relationship between
consumption risk and returns at this frequency. Figure 3 plots in turn the predicted and average
returns of the portfolios. The horizontal distance between a portfolio and the 45-degree line is the
extent to which the expected return based on fitted consumption risk (on the vertical axis) differs
from the observed average return (on the horizontal axis). As expected, at the 2-quarter horizon

there is almost no relation between predicted and realized returns.
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When we move to lower frequencies consumption risk explains a larger share of the cross-
sectional variation, reaching 12% for the 8-quarter horizon. However, the implied premium remains
large and significant, whereas the price of risk turns out insignificant and negative. This general
picture is also depicted in the regression line in the upper right part of Figure 3. Furthermore,
a significant and high risk aversion is estimated at this frequency reaching 20.9. Similar findings
pertain with respect to the 16-quarter frequency with risk aversion now declining and reaching 6.8,
but with a large standard error.

As lower frequencies are further considered the performance of the model improves substantially.
For the 32-quarter horizon, consumption risk is positive and significant, and explains 66% of the
cross-sectional variation of the returns. These findings are depicted in left lower panel of Figures
2 and 3. The regression line is positive, quite steep and suggests a strong relationship between
betas and returns. As expected, the deviation between fitted and realized returns is sufficiently
reduced. More importantly, the coefficient of risk aversion becomes significant and is now reduced
to 4.6. Associated with this horizon is a negligible and insignificant equity premium of -0.3%. The
performance of the C-CAPM is further improved at zero frequency (infinite horizon). The model
succeeds in explaining 98.6% of the cross-sectional variation of returns coupled with an insignificant
pricing error. The associated price of risk is significant and estimated at 0.007; however, at this
frequency our model overpredicts average returns by just 0.2%, which is marginally significant.
More importantly, risk aversion is estimated at 4.3 and is significant. These features are also
illustrated in the lower right part of Figures 2 and 3, in which the average realized and fitted
returns are almost perfectly aligned on the regression line and the 45-degree line, respectively.

To sum up, we find that when higher frequencies of consumption risk are considered the results
replicate the typical findings of the literature, i.e. the C-CAPM fails to explain the differences in
expected stock returns by the variation in the covariance of consumption and returns, and to provide
plausible levels of risk aversion. In contrast, as lower frequencies of consumption risk are taken into
account, consumption risk explains almost entirely the cross-sectional variation of expected returns
and the equity premium puzzle is eliminated. Moreover, the coefficient of risk aversion implied by

the cross-sectional reward for long-run consumption risk is found to be approximately 4.3 and is
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statistically significant.

5. Robustness tests

In this section we present some sensitivity tests on the relationship between consumption risk
and the expected returns over the frequency domain. We first consider the impact of alterna-
tive specifications by using a smaller sample size as well as alternative definitions of returns and

consumption, and subsequently we examine the impact of alternative portfolios on our results.

5.1. Alternative specifications

Some studies (including, among others, Fama and French, 1992, 1993, and Lettau and Lud-
vigson, 2001) have used a shorter time period than the one analyzed in our baseline results. To
allow for comparisons, Panel A of Table 2 shows the results of estimating our model on a sample
of returns that starts in the third quarter of 1963. In this sub-period, the pattern of coefficients
and the fit tell a similar story, except that low-frequency consumption risk does even better at
explaining expected returns. Around 67% and almost 100% of the variation in expected returns
is explained by consumption risk over the 32-quarter and infinite horizons with the level of risk
aversion again found to be slightly larger than 4 (reaching 4.6 and 4.3, respectively). Similar to
the baseline specification, the fitted model understates the average return on all portfolios by 0.5%
and 0.2%. The fit of the model for the infinite horizon is depicted on the upper part of Figure 4.

Second, we measure consumption risk using total consumption instead of non-durables con-
sumption. Ait-Sahalia et al. (2004) argue that the consumption risk of equity is understated by
NIPA nondurable goods because it contains many necessities and few luxury goods. As pointed out
by the authors, consumers have more discretion over their consumption of luxury goods than essen-
tial goods, and consumption of the former is found to covary more strongly with stock returns.'?
Panel B of Table 2 shows that using total consumption risk in place of nondurable consumption
risk leads to a slightly different picture. Long-run total consumption risk fits the cross-section of

expected returns somewhat better than non-durables consumption and, interestingly, lowers the

12Gee also Parker (2001). The usual concern when total consumption is used is that it contains the flow of
expenditures on durable goods instead of the -theoretically desired- stock of durable goods. However, expenditures
and stocks are cointegrated and, hence, the long-term movement in expenditures following an innovation to equity
returns also measures the long-term movement in consumption flows.
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level of risk aversion relative to the previous specifications at 3.3. This finding accords well with
nonseparability over time (or habits) in the utility function, which is expected to be stronger for
durable consumption goods, which are now included in consumption. Past consumption levels are
expected to affect more negatively the marginal utility of consumption for durable goods when
longer horizons are considered, which drives down the estimates of risk aversion. The bottom part
of Figure 4 plots the performance of the specification with total consumption.

Finally, we use consumption risk over the frequency domain to price long-horizon returns.
Long-horizon returns are calculated as cumulative returns over the next 11 quarters.!> Panel C
of Table 2 shows some improvements of our model for shorter horizons compared to the baseline
specification. Specifically, for an horizon of 8 quarters, the model succeeds in explaining almost
half the cross-sectional variation of returns; however, the price of risk is negative and the associated
risk aversion is found to be quite high, estimated at 18.8. As we move to lower freque