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Abstract

We propose and test a novel economic mechanism that generates time varying
expected returns. In our model, investors’ income has two sources, wages and
dividends, that grow stochastically over time. As a consequence, the fraction
of total income produced by wages changes over time depending on economic
conditions. We show that as this fraction fluctuates, the risk premium that

investors require to hold stocks varies as well.

Tests of the main implications of the model are strongly confirmed in the
data. A regression of stock returns on lagged values of the labor income to
consumption ratio produces statistically significant coefficients and adjusted
R?’s that are larger than those generated when using the dividend price ratio.
We also derive and test the model’s implications for the cross section. We
find considerable improvements on the performance of both the conditional

CAPM and CCAPM when compared to their unconditional counterparts.



1 Introduction

The substantial predictability of stock returns is by now widely documented. The main
finding is that variables like the price-dividend ratio and term premia can predict varia-
tion on stock returns at long horizons.! This evidence has survived a decade long effort
to tackle many of the econometric issues that are relevant for evaluating these effects
“at reasonable if not overwhelming levels of statistical significance,” (Campbell (2000),
page 9.) Furthermore, predictability is not unique to the standard US data set, but it
can be found in many other countries as well (see Campbell (1999), Table 12, panel B.)

Extant economic explanations for the predictability of stock returns rely either on
investors’ learning about some unobservable fundamental process (Timmerman (1993,
1996) and Veronesi (2000)) or cyclical variations in investors’ risk aversion (Campbell
and Cochrane (1999) and Barberis, Huang and Santos (2000)).

In this paper, we propose and test a different economic mechanism that generates
time varying expected returns. In our set up investors’ income has two sources, wages and
dividends, that grow stochastically over time. As a consequence, the fraction of total in-
come produced by wages changes over time depending on economic conditions. It is then
intuitive that as this fraction fluctuates, the risk premium that investors require to hold
stocks varies as well: For example, when investors’ consumption is mainly financed by
wages, the relationship between stock returns and consumption growth weakens thereby
generating a lower required risk premium.

We formalize this intuition by describing a simple, pure-exchange Lucas (1978)
economy where investors are endowed with a stochastic labor income stream along with
their income from stock market investments. Under mild assumptions on the stochas-
tic processes for dividends and labor income, we obtain closed form solutions for the

equilibrium stock market price and solve for stock returns. We then show that expected

YA lucid exposition of the main findings can be found in Campbell, Lo, and MacKinley (1997,
Chapter 7.) See also Campbell (2000) and Cochrane (2000).



returns vary over time with the ratio of labor income to consumption. We also obtain
closed form solutions for long-term expected returns and prove that they depend on
the current labor-income to consumption ratio. In addition, we also demonstrate that
expected stock returns have an equivalent representation as a function of the dividend
yield.

We also develop and test the cross sectional implications of our model. In par-
ticular, we show that expected returns on individual securities have a stochastic beta
representation, where “beta” is itself a function of the labor-income to consumption
ratio. Intuitively, when the labor income to consumption ratio increases, the expected
returns for the whole market decreases, as mentioned earlier. However, it may decrease
differently across securities thereby affecting their “beta” with respect to the market
returns.

We test the main predictions of the model by running predictive regressions using
as explanatory variables both the ratio of labor income over total consumption and/or
the dividend price ratio, which are plotted in Figure 1. Our first main finding is that for
the overall sample 1946-1999 the ratio of labor income to total consumption performs
much better than the (log) dividend price ratio to forecast future returns. For example,
the R? of the one year predictive regression is 6.1% (against 3.9% for the log dividend-
price ratio) and it reaches 34.6% for the four year ahead regression (against 20.7% for the
dividend price ratio.) Since this result may be driven by the inclusion of the 1995-1999
period in the data sample (which witnessed a low dividend price ratio and high returns),
we also run regressions over the more conventional 1952-1994 data period where it is
known that the dividend price ratio is working well (see e.g. Campbell et al. (1997)). In
this case the dividend price ratio is performing better than the wages-to-consumption
ratio, but the latter is still a significant regressor at long horizons where it still produces
a good forecasting power: The R? is 3% for the one year ahead regression but it reaches
22.6% for the 4 year ahead regression.

More interestingly, the inclusion of both regressors — either linearly or in a multi-



plicative fashion — dramatically improves upon the predictive power of the regression at
every horizon. For example, still in the 1952-1994 sample the (adjusted) R? ranges be-
tween 25.1% at the one year horizon to above 60% at the four year horizon. This finding
is indeed fully consistent with our model, that implies that both expected returns and
the dividend yield are non linear functions of the labor income to consumption ratio. It
follows that the dividend yield may proxy for the non linear relation between expected
returns and this ratio and it is then not surprising that it improves the predictability.

We next test the cross-sectional implications of the model, that is, the stochastic
beta representation for the expected returns of individual securities, where the beta of
each security is itself a function of the labor income to consumption ratio. We test
whether conditioning the CAPM and the CCAPM by the share of labor income to
consumption improves the fit on the cross section relative to their unconditional coun-
terparts.

The portfolios we use to test this hypothesis are the 25 Fama and French (1993)
portfolios, which are portfolios sorted by size and book to market. These portfolio allow
us to test whether our conditioning variable can explain the justly celebrated value
premium uncovered by Fama and French. In our sample, whereas the unconditional
CAPM only explains around 1% of the cross section, its conditional version can explain
as much as 43% of the cross section. Similar results are obtained for the conditional
Consumption CAPM where the R? jumps from 5% in the unconditional version to an
adjusted R? as high as 30.7%. The results then show that conditioning by the fraction of
labor income to consumption considerable improves the fit of the CAPM and CCAPM
and lends further support to the economic model provided in this paper.

Clearly we are not the first to note the importance of incorporating labor income
in empirical asset pricing models and references on human capital and asset returns go
as far back as Mayers (1972) and Fama and Schwert (1977). More recently, authors
like Jagannathan and Wang (1996) and Campbell (1996) have included human capital

returns to improve on the definition of the market portfolio. For instance, in tests
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of the cross section, Jagannathan and Wang (1996) find that the inclusion of human
capital in the definition of the market portfolio considerably improves the performance
of the CAPM in explaining the cross section of stock returns of portfolios sorted by size
and beta. Recently Lettau and Ludvigson (2000b) introduced the ratio of consumption
to total wealth as an important explanatory variable for the conditional CAPM and
CCAPM. In their paper, total wealth contains both financial and human capital wealth.

Our work also relates to the literature on long horizon return predictability. This
literature documents the forecasting power of prices scaled by dividends or earnings
(Campbell and Shiller (1988a and b), Fama and French (1988a and b), Hodrick (1992),
Lamont (1998)). Lettau and Ludvigson (2000a) add to this literature by showing the
predictive power of the aforementioned consumption to total wealth ratio. Others have
shown that various interest rate measures are also good forecasting variables (Campbell
(1987), Fama and French (1989), Hodrick (1992), and Keim and Stambaugh (1986)).

Although our paper certainly provides yet more evidence on the predictability of
stock returns, it differs from the ones above in its focus because we propose and test a
novel economic mechanism that is able to generate time varying expected returns. The
implication of our model is that the fraction of labor income to consumption should
help predict stock returns through its impact on the covariance between consumption
growth and returns. To lend further support to the model, we also test directly this
latter implication: We use a bivariate GARCH(1,1) model to obtain a fitted time series
of covariances between returns and real consumption growth and then check whether
the latter can be predicted using the fraction of labor income to total consumption.
Regression results strongly confirm our basic economic mechanism and give also support
to the intuition that the last decade should have witnessed an increase in the covariance
between returns and consumption growth due to the increase of total income produced
by stock market related proceeds.

As a final test of the economic story proposed in this paper, we also look at

the predictive power of the ratio of labor income to total income. Indeed, in a Lucas
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(1978) pure-exchange economy we must have that consumption equals total income in
equilibrium and hence the implications we obtain for the wages-to-consumption ratio
should hold for the wages-to-total income ratio as well. We show that the qualitative
behavior of these two series are very similar: For all subsamples, the labor income to
total income ratio has a good predictive power for future returns and it is only slightly
weaker for short horizons.

We should point out that our framework does not attempt to resolve other long
standing issues in the field of empirical asset pricing, such as the risk-premium puzzle
or the risk-free puzzle. Rather, it makes a general point about how alternative sources
of income may enter the analysis to provide additional insights into the behavior of
returns. For this reason we depart from the recent trend of investigating alternative
preference specifications to dwell on the well known iso-elastic case, and instead concen-
trate on writing a flexible model that allows us to price traded assets when aggregate
consumption has multiple sources. Instead of modeling the alternative sources of in-
come (consumption) separately and then imposing some add up constraint we model
the fraction of each source over the aggregate and impose that these fractions sum up to
one. This apparently minor trick has deep consequences in our ability to model multiple
sources of consumption in a tractable manner. Our framework will deliver closed form
solutions to the pricing of both the total stock market and the individual securities.

The rest of the paper proceeds as follows. Section 2 contains the model and
discussion of the assumptions. Section 3 provides the results that motivate our empirical
strategy. Data description and the empirical results are reported in section 4. Section 5

concludes. All proofs, tables, and figures are in the appendix.

2 The Model

We consider a standard pure exchange economy populated by identical investors with

time-separable preferences over consumption of a homogeneous good. We will assume



throughout that investors are endowed with a logarithmic utility function, although this

is not necessary for the results:?> That is,

U(C,t) = e “log (C) (1)

where C(t) denotes investors’ consumption at time ¢. Let there be one risky asset and
one risk-free asset. The risky asset pays a continuous dividend rate D(¢) and its supply
is normalized to 1. The riskless asset pays a continuous rate of return r(¢) and it is zero
net supply. We also assume that investors are endowed with a stochastic labor income
(rate) w(t).

We assume that the dividend rate and the wage rate follow the joint processes

dw = p, (D,w)dt+ o, (D,w)dB

dD = up(D,w)dt+op(D,w)dB

where o; (D, w) is a 1 x 2 vector for i = D, w, and dB = (dB;,dBs)" is a 2 x 1 vector of
independent Brownian motions defined on a filtered space (F, P, 2). The specific forms
of p; (D,w) and o; (D, w) are discussed below.

Let P(t) denote the price of the risky asset at time ¢ and N(¢) be the number of
shares bought of the risky asset at time ¢ and let W (¢) be the total wealth of the investor

at time ¢. Investors solve the following (standard) maximization problem

IMXE%AWWC@@m%

N(®),C(t)

subject to the dynamic budget constraint

AW (1) = N(t) (dP(t) + D(t)dt) + (W(t) — N () P(t)) r(£)dt + w(t)dt — C(t)dt

2In the appendix we also solve the model for the case where investors have the standard iso-elastic
utility function. Since the main qualitative findings are immune to the degree of risk aversion, we chose

to present the theoretical results only on this case because of its algebraic simplicity.



Definition: A Rational Expectations Equilibrium is given by a price function
P(t), an allocation process N (t) and consumption C(t) such that investors maximize

their utility and markets clear, that is
N@it) = 1 (2)
C(t) = D(t)+w(t) (3)

In order to be consistent with the empirical evidence we model consumption growth

as a smooth process with constant volatility:

% = pdt +o.dB (4)

where p, is a scalar process (possibly constant) and o. is a 1 x 2 vector of constants.
Clearly (4) imposes restrictions on the process for wages and dividends. In order to
meet those restrictions in a tractable, yet flexible, manner we assume a certain stochastic

structure for the ratio of labor income to consumption:?

Sw = —=

C

In particular we assume that s, (t) follows an autoregressive process:

dsy = a (S — Sw) dt + Su (1 — 8y) vdB (5)

where 5, is the long run share of consumption produced by labor income and a is the
speed at which the share of consumption mean-reverts to s,,. The form of the diffusion
term, s, (1 — s,,), ensures that for every ¢t we have 0 < s,, < 1. v is a 1 x 2 vector and
it can be chosen to obtain any covariance between the growth of the labor share and

consumption growth. In fact

Cov (dsw, %) = S (1 — 8y) VO,

3This setup is equivalent to modeling a process for the aggregate income, I (t), and imposing the
same stochastic structure on the shares of the different sources of income. In equilibrium, of course,

Ct)y=1(t).



Clearly, any time s, gets close to the boundary of zero or one, it must be the
case that it has (almost) zero covariance with consumption: in the former case it is
such a small fraction of total consumption that changes in this share do not affect the
consumption growth itself (which is driven by dividends only). In the latter case, it
is already the case that the whole consumption is generated by wages: an infinitesimal
increment in the share (getting even closer to one) does not affect per se the consumption
growth.

The specific assumptions about the process for consumption and for the fraction of
consumption produced by labor income generate particular processes for dividends and
wages through a straight application of Ito’s lemma. In order to provide some economic
interpretation of these processes, it is useful to go first through a few identities that
holds in any model where C' = w + D.

First, we always have

o (2)

That is, the growth rate of consumption is always a weighted average of the growth rate
of wages and dividends, weighted by their relative contribution to the total consumption.

Second, since we always have

we must also have

%":%+ (g) x [d(%)nLCov (%d(%))} (7)

Since C'/w > 0, equation (7) shows that in order to have a growth rate of wages greater
than the consumption growth we must either have an expected increase in the fraction of
consumption produced by wages or a positive covariance between consumption growth
and the fraction of consumption produced by wages. This is just an accounting identity.

A similar identity holds for the growth rate of dividends.
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These identities and the assumption about 5, deliver the following processes for

wages and dividends:
dw = p, (D,w)dt+ o, (D,w)dB (8)
dD = up(D,w)dt+op(D,w)dB 9)

with

S
—

po = a(@—w)+wp,+w(l - s,)voy
pp = a(D— D)+ Du,— Dsyvo,
ow = w(oc+ (1 —5,)v)

op = D(o.— syv)

where W= C x 5, and D = C X 3p.

These formulas are easy to interpret. Consider first p,,, which has three compo-
nents. The first component a (W — w) is an autoregressive part in the process for wages.
The second component wy, makes sure that in average wages grow with the economy
(consumption). The third part w (1 — s,,) vo’, is a term involving the covariance between
consumption growth and the changes in the fraction of wages as explained in equation
(7).

Instead, the volatility of wages o, is proportional to both the volatility of con-
sumption and the volatility of the fraction of consumption produced by wages. Clearly,
when s, = 1, then %aw = 0., that is consumption equal wages and hence they must

have the same volatility. Instead, their volatilities differ whenever they are not identical.

3 Equilibrium Prices and Returns

3.1 Prices

Our modeling assumptions make possible to obtain closed form solutions for the prices

of the traded assets. In our set up, as in others, labor income is a tradable asset and we
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abstract from any effect that market incompleteness may have on asset prices.* Given

this assumption, the standard pricing formula applies:

B * U, (C(s),s)
o) = £ M ACOD

As the next proposition shows, it turns out that we can compute the expectation

directly and provide a closed form solution for the asset prices. Let A be the matrix

defined by
—A12 A

)\21 _>\21

A:

where A\o; = a X 5, and A3 = a — A9y and where a and 5, are the parameters defining

the s, process in equation (5).
Proposition 1 The stock market price is

P = Byyw + By D (14)
where the coefficients B;; are the ij elements of the matrix B given by

B=(¢I—-A)" (15)

The price of stock is not only proportional to dividends, as it is generally true in
the usual Lucas economy, but it has also a loading on the current wage rate. The reason
why labor income w appears in the pricing function is because it helps predicting future

dividends. To give a numerical example, a simple calibration of the model entails that®

34.63 22.40
B= (16)
536 17.59

4See Campbell (1996) for example. For a lucid defense of this assumption see Jagannathan and

Wang (1996, page 13).
5The parameters for the calibration were estimated from data and are as follows: ¢ = .025, a =

0.0586, 5, = 0.80, v = (0.1063,0), x, = 0.0315; o, = (—0.0004,0.0164). All figures below are plotted

using these numerical values.
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and hence a pricing equation
P(t) =5.36 x w(t) +17.59 x D (t) (17)

Hence, even in our model dividends have most of the weight. However, even in the
pathological case where current dividends are zero, the price of the asset is not zero
(although it is very small) because investors forecast future dividends to be positive.
We should point out that because of the log-utility assumptions the linear pricing
formula (14) holds under any assumptions about the growth rate of total consumption.
The appendix obtains a similar pricing formula for higher coefficient of risk aversion
by making a mild assumption about pu.. Since the log-utility case is sufficient to yield
the intuition of the empirical implications, the results about a higher coefficient of risk

aversion are left to the appendix to avoid the introduction of further notation here.

3.2 Stock Returns

We now obtain the process for stock returns. Let us denote the excess return of the

asset by
dP + Ddt

dR Iz

rdt

where r is the equilibrium instantaneous return on the risk free bond. We then have the

following:

Proposition 2 (a) The excess stock return is given by

dR = ppdt + opdB (18)
where
Bs,, (1 — 8,) v0!
Sw) = o024 —= o« 19
(o) = o+ e (19
Bsy (1 —54)v
Sw) = O+ — 20
75 (5u) 7 Bsy,, + By (20)
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and

B = By — By
(b) The riskless rate of return is given by:

r=¢+pu,— o,

Proposition 2 shows that the instantaneous expected return depends non-linearly
on the fraction of consumption produced by labor income s, = w/C. Its functional
form shows that expected returns are equal to o both when s, = 0 and when s,, = 1.
To understand this result, notice that when s,, = 0, then C' = D and hence we are in
the usual Lucas (1978) economy with no other endowment than the risky asset. The
results that in the log utility case pp = o is indeed standard. More puzzling at first is
the result that pyp = 02 when s, = 1. In this case C' = w and D = 0. However, recall
that even though D = 0 we still have P (t) = By;w(t) because investors can expect that
dividends will turn positive in the future. Hence, there is a perfect correlation between
returns and consumption (recall again C' = w) yielding the result.

What happens in the more realistic case where s, € (0,1)? Indeed, from Figure
1 we can gauge that s, € (0.75,0.9). We can see that the denominator of the sec-
ond term of pp in expression (19) is always positive, hence its behavior depends on
Bs,, (1 — s,,) vo'. Intuitively, the price of stock depends mainly on the dividend level,
and hence we must have B = By, — By < 0 (see equation (16) and (17)). This implies
that the behavior of expected returns depends on sign(vol,) =sign[Cov (ds,,,dC/C)]. If
vo!, < 0, then we have that pp > o2 with the additional implication that expected
returns are decreasing in s,, for s, sufficiently high. The opposite is true when vo’, > 0.
Data on s, and consumption growth suggest a negative relationship between ds,, and
dC/C. Hence, intuitively as s,, increases, consumption becomes fueled by labor income
only, decreasing the covariance between consumption growth and dividend growth. This

in turn translates into a lower covariance between consumption growth and returns, gen-
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erating a lower risk premium. Figures 2 and 3 plot ug(s,) and og (s,) for the estimated
values.

Interestingly, from Figure 3 we see that the volatility of returns is higher than both
the volatility of consumption (= .0176) and the (model) volatility of ds,, which ranges
between 0.01 (for high s,,) and 0.02 (for low s,,). The reason is that we can rewrite the

price function as

P (t) =C (t) (ESM (t) + BQQ)

Since B < 0, negative innovations in consumption have a very high effect on prices
because they are negatively correlated with s,,, which, by moving up, depress the price
of stock even further. Hence, this combined effect tend to generate a high volatility of
returns compared to consumption.

We end this section by noticing that in this model the dividend price ratio proxies
for s,. In fact, we can rewrite

D 1 — sy

P Bo15y + B (21)
This is a nonlinear decreasing function of s,. As it can be seen from Figure 1, this
negative relationship held quite well until the middle of the 80’s, when then both s,
and D /P declined together up to 1999. Indeed, a regression (not reported) of log (D/P)
onto s, produces negative coefficients, although they are strongly significant only for

the sample 1946 - 1986. In any event, this result also implies that the dividend price

ratio should be a predictor of future returns.

3.3 The Predictability of Long-Term Stock Returns

The preceding subsection shows that instantaneous returns can be expressed as a func-
tion of both the dividend price ratio and the wages to consumption ratio. Proposition 4

below shows that this representation carries over to long term returns.
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Let us denote the expected excess return over the period ¢ to t 4+ 7 by

P(t+T1)+ fttJrT el D (s) ds 1

Re(t,t+71)=E, 0 TBE)

where B (t,7) is the price of a zero coupon bond maturing at time ¢ + 7. We can easily
solve for E, [P (t + 7)] and E; [D(s)]. However, since p, could be assumed stochastic, also
the real interest rate r (s) would be and hence solving for F [efsT W) (s)] presents some
difficulties. We assume in this section that the growth rate of consumption p, is constant.
This assumption can be easily justified on empirical grounds, given the extremely small
autocorrelation of consumption growth. Hence, this implies that r (u) = r . Under this

assumption, we obtain the following:

Proposition 3 Let i, be constant. Then the long term expected excess returns are given

by

B (1.t 47) = F (sy,7) = 22D 50 D E B (D) e
Baisy (1) + By

and Bp (7) and Bpy (T) are known functions of time to maturity T specified in the ap-

pendix.

Once again, the relationship between long-term expected returns R® (t,t + 1) =
F (84, 7) and s, depends on the whether ds,, has positive or negative correlation with
consumption growth. As mentioned in the previous section, data show ds,, and dC/C are
negatively correlated, generating a negative relation between expected returns and s,, at
short horizons. For the calibrated model, this relationship carries over to long horizons.
Indeed, Figure 4 plots the instantaneous, 1,2,3, 4 year ahead expected returns F' (s, )
and they all are negatively sloped. Since D/P is also decreasing in s,,, the model also
predicts a (non-linear) positive relationship between future returns and dividend-price

ratios.
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3.4 Returns to Labor

In the present model labor income is a fully tradable asset and we can mechanically
compute the expected discounted value of future wages as

P,(t) = E; {/000 %w(u)du (22)

= an(t) + BlgD(t) (23)

Again, this quantity depends on both dividends and wages. Hence, we can also compute

the excess returns to labor as

 dPy +wdt

dRy,
R 2

rdt.

As in proposition 2 we can provide a closed form expression for the returns on human

capital.
Proposition 4 FExcess return on human capital follow the process

ARy = fip ot + 0 gWdW

where
Busy (1 — 8,) vo!
2 wOw w c
wlSw) = o.+ —
KR, ( ) Boso + B
Buysy (1 — s,)v
ORw (Sw) = 0Oc+—
f ( ) Bwsw+312
and
B, = Bi1 — By»

The implication of this proposition is that a measure of expected return to labor
should also be able to predict future returns. In fact, pg,, (s,) is increasing with s,
(for vo!, < 0) for s, sufficiently high. This implies that high returns to labor should be
associated with high s, which in turn predict low future expected stock returns. The

use of some proxy for return to labor income is indeed the approach taken in a number of
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recent articles, such as Campbell (1996) and Lettau and Ludvigson (2000a). The above
set up formalizes the relationship between these quantities in a rather standard general

equilibrium set up.

3.5 The Cross-Section of Stock Returns

The model presented in the previous pages can be easily extended to any number of
assets. In order to do so, one has to model the joint process for the dividend to con-

sumption ratio for all the securities. Specifically, define

D; .
S1 = % and s; = el fori=2,...,n
and let s; follow the process
ds; = [sA]; dt + s;o; (s) dB (24)

where
o;(s) = (Vi - Z sjyj>
j=1

and where A is a n X n matrix whose rows sum up to 0, v; are 1 X n vectors and
B(t) = (Bi(t),.., B, (t))" are n independent Brownian motions. We can see that this is
a generalization of the model for s, presented in section 2 where we set n = 2. In this
latter case, we see immediately that taking s; = s, and sy = (1 — s,,) we have

dsw = (Sw(—A12) + (1 = 8y) A1) dt + 8y (V1 — Swi1 — (1 — 8y) Vo) dB

)\21
= )\ )\ ——V—— — Sw dt w 1 — ow - dB
( 12 + 21) ()\12 e S ) + s ( S ) (1/1 1/2)

By defining
— A21 .
Azt A

we obtain equation (5) for s,. In other words, (24) is the continuous time analog of a

a = Ao+ Aot ; Sy T R

standard multivariate autoregressive process for the fractions s;, with some restrictions
on A and o; (s) to make sure that Y . | s; (t) =1 for all ¢.

The generalization to proposition 1 and 2 is the following
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Proposition 5 (a) The stock price of each asset is
P, (t) = Baw(t) + i B;;D; (25)
=2
where the coefficients B;; are the ij elements of the matrix B given by
B= (41— ) (26)
(b) The excess return on asset i is given by
dR; = p,; (s)dt + o, (s)dB

where

dC

1, (s) = Cou, (dRi, F) = 0, (s) 0, (27)

and . .
> i1 Bigsi (v — Dy k)
> i1 Bigs;

Equations (27) and (28) show that asset ¢ instantaneous expected excess return is

oi(s) =0.+ (28)

a non-linear function of sy, ..., s,,. The influence of each s; (t) on E; [dR;] depends on the
values of B;; and v;ol,. To gauge the sizes of B;;’s and v;0’, in a full calibrated model
requires the use of large amount of data and it is outside the scope of this section. We
only point out that for each asset ¢, only s; = s, and s; are likely to play an important
role in the cross section. The former, s,,, because it is the largest share of consumption
among all of the s; (being equal by itself to about 75% of total consumption) and hence
its movement over time is likely to affect all the returns, as a common factor. The latter,
s;, because it is likely to have the largest loading B;; in the pricing equation.

We can obtain a “beta” relationship for our expected returns by using known

results in asset pricing (see e.g. Duffie (1996, pg. 229-230))

E;[dR;] = B; (s) B [dR"] (29)
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where
_ ORi(8) 0

fi(s) = ———— (30)

O O'pe
and dR* is a return process of a portfolio perfectly correlated with the consumption
process. We now show that the market portfolio augmented by human capital has this
property. As in the previous section, let P, (t) denote the value of human capital and
let w(t) = Dy (t) for notational simplicity. Then, the value of total wealth is at time ¢
is:

n n n n

Pro(t) = Pu(®)+ Y R = D3 BuD; () = BY Dy ()= BC(t)  (31)

i=2 i=1 j=1 j=1
where the middle equality stems from the fact that > | B;; = B = 1/¢ for all j (this
is a property of the log case). Consider now the return on this portfolio, which includes
both financial and human capital:

dPrw + (w+ "7, D;)dt

d -
Frw Prw

— rdt

From (31) it follows

with
E[dRrw] = pdt+ (¢ —r)dt
= o.0.dt

ORTW = O¢

Hence, this portfolio satisfies the requirement for the “beta” representation because its
return is perfectly correlated with the consumption process. Let finally Py, = >0, P,

be the portfolio of financial assets. Let R, and R, be the excess returns to Py, and P,
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respectively. Then,

dP, + wdt n dPy + Ddt _

dRmy = dt
™w P+ Py | Pyt Py
P, Py
- —* 4R, +—Y 4R,
P, + P P,+ Py M

u Bli = Bli
_ <z_;s = ) dR, + <1—;si = ) dRy,

Now, assuming that all By; are about of the same order of magnitude, the fact
that s,, = s; is by itself the largest component of all by several orders of magnitude, we
can make the approximation®

B
dRTW ~ Sw?glde + <1 — SwF) dR]y[

Plugging this last expression in (29) and recalling that R* = Ry, we obtain a repre-

sentation of the conditional CAPM

EildR)) = f;(s) B [dRrw]
= B;(5) B [dRu] + B; (5) Bt [s0dR.) (33)

+ﬁz (8) Et [SwdRM’]

where 3 (s) = 3 (s) Bi1/B.
Our model also delivers testable implications for the conditional Consumption

CAPM (CCAPM). Substituting (32) in (29) and recalling that og,,, = o, we find:

BliR] = 5 (5G] +@-nd) (34)
-5 5| )
where
B (s) = "f )

6This approximation has to be compared with the one obtained by Campbell (1996, equation (10))

though empirical implementation in his work requires a formula with constant coefficients.
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Taking rdt in (35) on the left hand side, we finally obtain:

(36)

B [4RS) = 6 5) o+ 55(5) B | G|

where dRS = (dP; + D;dt) /P; is the return to asset i (recall that dR; was the excess

return).

Before concluding the section, it is worth emphasizing again the intuition behind
the beta representation of expected returns in equations (29) and (30): The idea is that
when the fraction of total income produced by wages decreases, expected returns for
the whole market must increase, as we discussed in the previous sections. This implies
that expected returns have to increase also for all the individual securities (in average).
However, there is no guarantee that the risk premium increases equally across individual
securities: This is because each security may have a different sensitivity to w/C, as it
can be seen from the price equation (25). As an extreme example, suppose that for an
asset ¢ we have \;; = 0 for j (that is, s; is not affected by any other s; for j # i), then
one obtains B;; = 0 for all j # 4. In this case, its risk premium will be different from
the one of an otherwise identical security that has some Ay; # 0. Another way of seeing

this is to consider the process for dividends that it is implied by (24). This is given by
where

KD (D) = Dip,+ [DAL' +0i(s)o,,

opi(D) = 0.+ 04(s)
These formulas are analogous to pj, and op obtained in equations (11) and (13) in
section 2 and they can be interpreted in the same fashion: The first term in the drift

shows a common component, so that each dividend grows with the economy. The second

component show the “influence” that each dividend has on each other through the matrix
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A. This is a sort of a multivariate autoregressive component in the dividend drift and
it can be interpreted as the contribution of each dividend j (and wages, for 7 = 1) to
the “production” of dividend i.” The last component is a covariance term that must
enter into the specification, according to the general formula (7) which was developed
for wage growth but which can be interpreted for dividend growth as well. As it can
be seen in pp;, the current wage w (t) = D; (t) may have a different impact on the
dividends of individual securities i’s depending on Ay;. As pointed out above, this leads
to different sensitivities of prices to wages and hence different changes in risk-premia as

w/C changes over time.

4 Empirical Results

4.1 Data description

The financial data we use is the usual one. We consider returns on the value weighted
CRSP index, which includes NYSE, AMEX, and NASDAQ), as our measure of financial
asset returns. Dividend price ratios are also obtained from CRSP and the risk free rate
is the 90-day Treasury bill.

For both consumption and labor income we use data from the National Income
and Product Accounts (NIPA). Following the literature, we define consumption as non-
durable plus services excluding shoes and clothing. The argument behind this idea is
that the theory applies to the flow of consumption and it should not include additions or
replacements to the stock of durable goods. As it is also traditional we assume that total
consumption is proportional to consumption of non durables plus services and we choose

the constant of proportionality, A, to be the long term ratio between total consumption

In current work, Santos and Veronesi (in progress), we explore this interpretation of our model in
greater depth. In particular, we model the different sources of consumption as different sectors of the

economy to which resources have to be allocated for production.
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and consumption of non durables plus services. This ratio is estimated to be A = 1.15.
As for the definition of labor income it is constructed by adding to wages and
salaries, transfer payments plus other labor income and substracting personal contribu-
tions to social insurance and taxes.®
For the cross sectional tests we use the 25 portfolios as sorted by Fama and French
(1992, 1993). These portfolios, as it is well known by now, are formed by intersecting 5

portfolios sorted by size, with other five portfolios sorted by book-to-market. We convert

the returns to quarterly data producing a time series covering 1963 to 1999.

4.2 Forecasting regressions

In this section we test the forecasting power of the ratio of labor income to consumption.
Table II reports the main empirical result of this paper, namely the estimates of the set

of regressions

Tiirxk = 01+ ﬂl(K)Sw,t + Etyk (38)
D
Tti+k = Q2 + ﬁQ(K) log (Ft) + Ettk (39)
t
Dy
T = a3+ B3(K)log i + B4(K)Swt + €rqk (40)
t
Dy
Tiirk = 05+ B5(K) [ 50 x log 2 + Etyk (41)
t

where 1,4k is the cumulative log return over K periods. For each regression, Tables
II-IV report the point estimate of the included explanatory variable, the Newey-West
corrected t—statistic for the null hypothesis that the coefficients are zero, and the ad-
justed R2.

We start discussing our results for the whole sample period at our disposal, 1946-

1999. The first row of Table II-A shows that the ratio of labor income to consumption

$We follow Lettau and Ludvigson (2000 a, footnote 15) closely in our definition of labor income and
consumption. As of the writing of this paper, data from 1929 to 1945 was still being revised by the

Bureau of Economic Analysis. For an update visit, http://www.bea.doc.gov. See also footnote 10.
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Sy 1is statistically significant at any forecasting horizons between one quarter and four
year ahead. The sign of the regression coefficient is negative, giving support to the
view expressed in the previous section that innovations in consumption growth and in
the wages-to-consumption ratio are negatively correlated. The explanatory power is also
high, ranging from 6.1% for the one year regression to 34.6% for the four year regression.
These numbers have to be compared to the analogous estimates for the (log) dividend-
price ratio: In this case, the dividend price ratio is never significant at any horizons and
the predictive power is rather low, ranging from 3.9% at the one year horizon to 20.7% at
the four year horizon. As we will see below, this poor performance of the dividend-price
ratio to forecast future returns is partly due to the inclusion of the period 1995-1999 in
the data sample. Indeed, during this period the dividend price ratio was extremely low
and yet returns have been record high.

Recall that, as shown in equation (21), the dividend price ratio is a non linear
function of s,,. Including the dividend price ratio then may proxy for any non linearities
in the relation between returns and s,,. When both ratios enter linearly (regression (40))
both regressors are significant and the predictive power ranges from an adjusted R? of
16.2% at the one year horizon to an R? of over 61% at the four year horizon. Interestingly,
a similar result obtains when we only use the interaction factor s, x log (D/P) in the
regression (regression (41)). In this case again the coefficient is highly significant and

the R? ranges from 13.4% at the one year horizon to over 50% at the four year horizon.

As shown by Figure 1, the first two years of our sample, 1946-7, showed a remark-
able drop in the ratio of labor income to consumption. The special circumstances of
those years may account for that event. We reran the predictability regression excluding
those eight initial data points and we report the results in Table II-B. The short term
predictability of our variable improves slightly but overall the estimates are very similar.
Below we perform another direct test of our theory and confirm the outlier nature of

those initial two years.
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Researchers like Lettau and Ludvigson (2000a) concentrate on the period starting
in 1952. In order to check the validity of our empirical findings, Tables III and IV report
results for two subsamples of the data starting in 1952.Y The first is the standard sample
1952:01-1994:04, that will enable us to compare our results to others in the literature,
such as the ones in Campbell, Lo and MacKinlay (1997, page 269, Table 7.1). Indeed
the second line in Table III shows that during this period the dividend price ratio was
doing extremely well in predicting future returns. Our results using quarterly data are
comparable to the ones reported in Campbell et al. (1997) who instead used monthly
data. For instance, for the one year and four year horizons they obtain R?’s of 18.8%
and 41.7% respectively, matching our results almost to the point. The use of quarterly
data then does not seem to be producing any particular bias in the results.

As can be seen in the first line of Table III, the ratio of labor income to consumption
is now only a significant predictor at horizons of two years or more. The R? is 3% for the
one year regression but rises to 22.6% for the four year regression. Interestingly, however,
when both the dividend price ratio and the wages-to-consumption ratio are included —
either in linear fashion as in regression (40) or in a nonlinear one as in regression (41) —
the performance of the predictability regression improves considerably, with R? ranging

between 25.1% for the one year regression to above 62.7% for the four year regression.

We can compare the results in Table III with those in Table IV, where the same
exercise is carried out for the sample period 1952:01-1999:04. We include these results
to show the dramatic decrease in the predictive power of the dividend price ratio due
to the impressive stock market surge of the 90’s (see e.g. Cochrane (1997) for a similar

point) and to show how the labor income-to-consumption ratio still works well. Indeed,

We point out that the main result of this paper (that the labor income to consumption ratio
forecast future returns) accidentally underwent an out-of-sample test. Until April 26th, 2000 data on
compensation of employees and other series from the Bureau of Economic Analysis were only available
for the period 1959:01-1999:04. The BEA news release on April 26th, 2000 also included the revised
data for the 1946:01 - 1958:04 period. Our result held well also when the first period was included.
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we see that over this sample period the dividend price ratio is never significant at any
horizon and the R? of the predictive regressions does not go above 7% at any horizon.
Instead, the wages-to-consumption ratio is performing quite well: The coefficients are
statistically significant at all horizons and its predictive power ranges between 7.4% at
the one year horizon to 35.4% at the four year horizon. As before, using both ratios
greatly improves upon the predictability regression: using regression (40) for example
we obtain R? ranging from 19.6% at the one year to above 56% at the four year horizon.

Figures 5 and 6 emphasize this point further by plotting the time series of wages-
to-consumption ratio, dividend price ratio and the four year cumulative stock return.
As it can be seen in Figure 5, the dividend-price ratio and the cumulative four year
return started moving in opposite directions at the end of the 80’s. However, from
Figure 6 we see that the negative relation between the cumulative four year return and
the ratio of labor income to consumption held well even in the last part of the sample.
We should notice that this behavior of cumulative returns and wages-to-consumption
ratio is consistent with the model presented in section 2: A lower wages-to-consumption
ratio should predict higher returns because of the increase in the equilibrium covariance
between returns and consumption growth itself.

The negative relationship between the wages-to-consumption ratio and the dividend-
price ratio does no longer hold when multiple assets are traded. Indeed it is easy to prove
that when there are multiple stocks the dividend price ratio of the market portfolio de-
pends on the entire distribution of dividend payments across the market (unless investors
have log utility.) We explore this issue in greater depth in current work (Santos amd

Veronesi (in progress)).

4.3 Cross sectional Regressions

In this section we test the implications of the model for the cross-section of stock re-

turns, which was developed in section 3.5. Recall that the model has predictions for
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both the conditional CAPM and the conditional Consumption CAPM. Following Ja-
gannathan and Wang (1996) and more recently, Lettau and Ludvgison (2000b), we test
our conditional versions of these asset pricing models by “conditioning down,” that is,

by obtaining modified versions of their unconditional counterparts.

4.3.1 Cross-sectional Implications

The starting point of our cross sectional tests of the conditional CAPM is expres-
sion (33). Let’s define v,,, = E;[dRy], Yopry = Ei[swdBu, Yoy = Ei[SwdRy],
B, = FE[B;(s)], and BZ =F [Bz (s)} . Applying the unconditional expectations opera-

tor we obtain,

E[dR] = BE[dRu] + B:E [swdRuw) + B;E [swdRy]
+cov (ﬁz (s) 77M,t) + cov (BZ (s) 7”Vw,t) (42)
+cov (Bz (s) 775M,t)

The covariance terms distinguish the conditional version of the CAPM from its uncon-
ditional counterpart. Its interpretation is the usual one. For instance, in the case of
cov (ﬁi (8),7 M,t), portfolios whose betas are high when the market premium is high will
have a larger premium than the one predicted by the standard unconditional CAPM.
Direct tests of expression (42) are typically prevented by the fact that we do not
observe 3, (s), Vars, BZ (s),and 7,,,, unless they are obtained from an economic model
as it is the case in this paper. As already mentioned 7,,;, Y4, and 7, , are mainly
functions of s, and for tractability, we approximate them by linear functions of this
variable. Also, we argued in section 3.5 that (; (s) is mainly a function of s, and s;.
To simplify, we approximate this function also by a linear function of these variables,
i.e. we set 3, (s) = a; + bisy + ¢;s;. This yields simple expressions for (42) that can be

directly tested. For instance, if we let v,,, = d; +e€;s,, the first covariance term becomes

cov (ﬁz (s) 77M,t> = bie;Var (sy) + cieicov (s, Su)
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Notice now that with many assets, s; is small so that we can well approximate

cov (ﬁl (s) /VM,t) ~ AE (52w>

for some A;, once we notice that the constant in the variance will not play an important
role. Similar calculations yields similar expressions for the other covariance terms in

(42), so that overall we can write

E[dR;] ~ B,E[dRy] + BiE [swdRu)] + B, [sudBas] + 0B (s2) (43)

w

Expression (43) is the object of our empirical tests. Since we find that s? and s, are
extremely highly correlated, we will perform the tests using E [s,] rather than E [s2]:
The test results are almost dentical but the former lends itself better to comparisons
with other work.

The starting expression for our tests of the conditional Consumption CAPM is
(36). As with the conditional CAPM we obtain testable implications by “conditioning
down.” Let 7., = E; [%] . Assuming again that (5 (s) = a; + b;s, + ¢;8; and applying
the unconditional expectations operator we obtain,

ac ac ac
G — . . . . . — . — . . —
E [dR{] = a; + b;E [sy] + ¢ E [s)] + a;E [ C} +bE [sw C} + ¢ F [s, C]

If s; is small, we can set the third and the last term equal to zero to find

E [dR{] = ¢a+ ¢bE [s,] + a;E {%1 +b,E [sw%] , (44)

and it is this last expression that we test in the empirical section. Notice that this
relationship holds for simple returns and not excess returns. However, we find negligible
differences in the parameter estimates when we use excess returns as opposed to simple
returns (with the only obvious exception of the constant), and hence we report the

results using excess returns instead.

27



4.3.2 Empirical Results

The 25 Fama-French portfolios have become the test ground for any model of the cross
section and it is to this set that we restrict our investigations. The value premium,
the fact that firms with high book to market ratios have higher average returns than
firms with low book to markets, has been conclusively documented by Fama and French
(1992) in the US data set. Indeed the “value premium is pervasive” in the markets across
the world (see Fama and French (1998)).1% As we will see shortly, conditioning on s,
results in considerable improvements of the CAPM and CCAPM over the unconditional
versions. In order to compare the different specifications we report the R? in the different
regressions, but the reader should bear in mind that we have only 25 (cross-sectional)
observations.

A direct test of (43) requires an estimate of the return to human capital, which
is not observable. Our model yields a precise method to compute those returns, by
using the formula for the value of human capital given in (22) and (23). Specifically, we

compute the return to human capital by

Py — Pyi—1 +we
Pw,t—l
Sw,t — Sw,t—1 Sw,t
= + (46)
Swit-1 1 K1 Ko X Syi-1 + B2

G
Rw,t

where K1 = Blg//ig and Ry = Bll — Blg.ll
Table V reports the results for our test of the conditional CAPM as given by

expression (43). The first line shows the dismal performance of the unconditional CAPM.

10The presence of the value premium on international data presented by Fama and French (1998) is
particularly relevant as they are out of sample tests of findings that were originally made for the US
and Japanese data sets. For this reason it is hard to argue that the value premium is the result of
data mining. In fact the US value premium is not particularly high when compared to that of other

countries in their international sample (see Table III of Fama and French (1998), page 1980.)
UWe use the parametes obtained in section 3.1. It turns out that the choice of k1 and ko does not

affect the cross sectional results below (if anything, the one reported is the lower bound).
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The beta on the value weighted return is not statistically significant, enters with the
wrong sign, and the R? is a mere 1%, that is, the unconditional CAPM only explains 1%
of the cross section of stock returns. When conditioning on the share of labor income to
consumption both the coefficients on the market and s,, are significant, and the adjusted
R? substantially improves to a more respectable 33%. The performance of the model
improves when we condition on the share and the scaled market returns. In order to
avoid multicollinearity in the time series regression that may complicate the inference
we orthogonalize the scaled variable regressing it on market returns. The adjusted R? is
now 38% and all variables are significant. Line 5 includes all the variables predicted by
our theory, where labor-income growth is used as a measure of human capital returns
(see e.g. Jagannathan and Wang (1996)). In this case, all the variables except the scaled
returns to human capital are significant but there are no improvement in the (adjusted)
R?. The very last line reports the same regression as in line 5 with the only difference
that excess returns to human capital are computed using formula (46). In this case, all
the variables are significant and the fit improves to an (adjusted) R? of 43%.

That conditioning judiciously can improve the performance of the CAPM has
been noted by many. For instance Jagannathan and Wang (1996) test a conditional
version of the CAPM, where the variable used to condition was an interest rate variable
that predicts future business conditions. When comparing the unconditional versus
the conditional version the R? goes from 1% to approximately 30%. Jagannathan and
Wang (1996) go on to provide a better definition of the market portfolio that includes
labor income growth as a proxy for returns to human capital (see equation (30) in page
25 of Jagannathan and Wang (1996)). This further improves the performance of the
conditional CAPM to 55.21%. However these authors investigate the performance of
the conditional CAPM on the 100 portfolios sorted by size and  and do not attempt to
explain the value premium. The comparison between their results and those presented
in this paper should be then made with some caution.

Lines 3 and 4 of Table V can also be compared with lines 4, 5, and 6 in Table 2
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of Lettau and Ludvigson (2000b). For instance, when testing the conditional CAPM,
including their conditioning variable and the scaled market also yields an (adjusted) R2-
square of 21% (see line 4 of their Table 2.) Again their results improve to an impressive

71% when a measure of human capital returns is included in the regression (see line 6.)

Table VI reports tests for the unconditional and conditional CCAPM as given
by expression (44). The unconditional CCAPM regression (line 1) has consumption
growth as a non significant regressor though it explains 1% of the cross section of ex-
pected returns. Adding the share of labor income to consumption improves the R? only
marginally. The conditional CCAPM where just the scaled market measure and the
market itself are included performs much better. As shown in line 3 of Table VI, both
variables are significant and the R? is now a 18.64%. When we also include the wages-to-
consumption ratio the R? jumps to 30.7% and all variables, except consumption growth,
are significant.

Figure 7 gives a quick visual impression of the considerable improvement that
follows when we condition both the CAPM and the CCAPM by plotting realized average

returns versus fitted returns.

5 Robustness

The results reported in the previous sections show that a fully exogenous economic
variable - i.e. the labor income to consumption ratio - can predict the time series of
future returns and partly explain the cross-section of returns. In this section we perform

various tests to better understand the economics behind the results.

5.1 A Direct Test of the Economic Model

The economic theory that motivated our empirical investigation entails that the covari-

ance between returns and consumption growth moves over time due to the change in the
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ratio between labor income and total consumption. In this section we test whether such
a co-movement actually exists. We use again the quarterly data on consumption and
deflate them using the CPI series to obtain a time series of real consumption growth.
In order to test whether the ratio between labor income and consumption predict the
level of covariance between returns and real consumption growth, we need an estimate
of the time series of the latter. We fit the following bi-variate GARCH(1,1) model to

data from 1946-1999:

Ry
=ute
ACt

where p is a 2 x 1 vector of constants' and ¢, ~ N (0, H;) with
Ht =C + AHtflA, + Aéﬂtflg;ilA/

To ensure that H, is positive semi-definite for all t we assume C' = PP’ where P is lower
triangular. In addition, we also assume that A and A are diagonal matrices to limit the
number of parameters.

Table VII reports the results of the Bi-variate Garch Estimates and Figure 8 plots
the time series of the fitted covariance between returns and real consumption growth
(dotted line). We also plot the negative of the labor-to-consumption ratio (solid line),
rescaled to match the time series of the covariance between consumption growth and
returns. If we abstract from the first two years of data (1946-1947), where a big initial
outlier likely affected the measure of the covariance in the following four-to-six quarters,
the plot shows a interesting association between the level of the fitted covariance between
returns and consumption growth and the negative of the wages-to-consumption ratio.

This is confirmed in Table VIII, where we run the following regressions

COVip1 = a1 + @asur + a3COVE + &4

120f course, expected returns u are not constant in this model. We make this assumption to estimate
the covariance between returns and consumption in a systematic way. To be fully consistent, we should

assume that p depends on the covariance itself.
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where COV; = [ﬁt] . i.e the fitted covariance between consumption growth and returns,
Swt = wy/Cy is the wages-to-consumption ratio. As can be seen in the table we also study
specifications where a3 is set equal to zero. Confirming the intuition developed in Figure
8, the use of the whole sample 1946-1999 results in a non significant coefficient oy for
the wages-to-consumption ratio, due to the large outlier at the very beginning of the
sample. If we eliminate the first few observations from the regression to allow for the
effect of the large initial outlier to fade, we indeed find a strong negative relation between
the wages-to-consumption ratio and the covariance between returns and consumption

growth. This relationship holds true even when we investigate the other two relevant

subsamples, 1952-1999, and 1952-1994.

5.2 Labor Income, Total Income and Consumption

The results in the previous section rely on the macro variable “labor income over con-
sumption ratio.” Strictly speaking, the model proposed in this paper also implies that
total consumption equals total income in equilibrium. As a consequence, the same rela-
tionships that hold for the labor income to consumption ratio should also hold for the
labor income to total income ratio. In this section we take on this point and show that
there is a strict relationship between labor-income to consumption ratio and the labor-
income to total income ratio. For coherence with the labor income series (which is net
of taxes), we take the total disposable income as a measure of total income.!® Figure 9
plots the two series for our sample. As it can be seen, the general qualitative time series
behavior of these series are very similar, with the labor income to total income being

slightly smoother than the other one. In order to test for predictability, Table IX shows

131t is worth reminding the relationship between total income and disposable income in the national
accounts (NIPA tables). We have Total Personal Income equals Compensation of Employees plus
Proprietors Income plus Rental Income plus Personal Dividend Income plus Personal Interest Income
plus Transfer payments to persons less Personal Contribution to Social Insurance. Finally, Disposable

Income equal Total Income less Personal Taxes.
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the predictive regressions using the labor income to total income series as predictors over
the various samples. As it can be seen, the labor income to disposable income ratio has
a very good predictive power for future returns in all subsamples, although the results

are not so strong for the one quarter ahead predictive regression..

5.3 Spurious Regressions

Most series used in this paper are close-to-unit root series and hence there is a justified
concern that the results about the time-series predictability may be due to spurious
regressions (see e.g. Torous and Yan (1999) for a recent work about spurious predictive

regressions.!*) To summarize the problem, suppose that we have the pair of series

Yer1 = a+bxy+ upq (47)

Tt41 = QO+ QT+ Vit (48)

where y; = log (R;) is the log return and where &, = (u;,v;)" is a martingale difference
sequence such that F [eie}]e;_1,€1—2...] = ¥ and such that u; and v; have only contem-
poraneous correlation p = Corr (u,v;). Following Richardson and Stock (1989), Tourus
and Yan (1999) study the asymptotic distribution of the least square estimator obtained
by regressing the long-term return ;41 (K) = Zfil Yt onto the predictive variable x;
under the null hypothesis that there is no relation between y; and x; but through the
contemporaneous correlation of the series. That is, the null-hypothesis is Hy : b = 0.
They show that indeed the for given K, the estimated (3 (K) is consistent as T" — oo, but
its Newey-West adjusted ¢-statistic ¢4k has a non-standard distribution which depends
on the correlation p between u; and v;. If p = 0, then k) has indeed a standard normal
distribution. They also show that if the number of non-overlapping intervals does not
grow to infinity with 7', that is if T/K — ¢, constant, then 3 (K) is no longer consistent

and tg(k) has a non-standard distribution that depends on both p and c.

14 Aside from the original article by Phillips (1986), the reader is referred to Chap. 18.3 in Hamilton

(1994) for a lucid exposition of the spurious regression problem and for other references.
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In order to check the robustness of our results, we take the suggestions contained
in Torous and Yan (1999) and obtain more robust confidence intervals for the coeffi-
cient 3 (K) in our predictive regressions by means of Monte Carlo Simulations. More
specifically, we perform the following exercise: Let x; in equation (48) be any of the
regressors used in the forecasting regressions, i.e. the labor-income to consumption ratio
Swt, the (log) dividend price ratio log (D;/P,), both of them or the interaction term
Swelog (Dy/P;). For each of them, we first compute the parameters o and ¢ in equation
(48) from a time-series regression and the matrix ¥ = F [g,}] to take into account the
correlation between u; and v; (recall that if the correlation p = 0, then 3 (K) is indeed
consistent as T' — oo and tg k) is indeed distributed as a standard normal distribution.
In this case all the results in the previous section hold.) Given our sample size T' = 216
for the period 1946-1999, we simulate 10,000 paths of the system (47)-(48) under the
null hypothesis that b = 0. For each sample, we compute the predictive regressions as
in equations (38)-(41) and obtain a distribution for §(K’). This is tabulated in Table
X. We repeated the experiment using both the estimations of the relevant parameters of
(47)-(48) and the sample sizes corresponding to the periods 1952-1999 and 1952-1994 and

obtained extremely similar cutoff values for 3 (K), which we do not report for brevity.

For the sample period 1946-1999 the estimated coefficients reported in Table II-A
are extremely close to being statistically significant at the 10% level for the one quarter,
one year, and two year regression. For example, the one quarter ahead predictive regres-
sion yields a coefficient 3 (1) = —.308 while from the simulations, the 90% confidence
interval is [—0.318,0.302]. For the three and four year regression both coefficients are
statistically significant at the 10% level. For instance for the four year regression the
estimated coefficient is given by ((16) = —4.902 while the 90% confidence interval is
[—4.514,4.394].

In contrast the dividend price ratio is never significant at the 10%. This is

partly due to the fact that the correlation between returns and dividend price ratio
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p = Corr (u;,v;) is much higher in this case (around —.96) than in the case where the
predictive variable is the labor income to consumption ratio (in which case p ~ —.02).
As explained above, a higher correlation p makes the distribution of ¢gx) even more
“non-normal”. For example, using the dividend price ratio for the one quarter and
four year regression we obtain (1) = .022 and (3 (K) = .475 respectively while robust
confidence intervals are [—0.005,0.0388] and [—0.09, 0.551] respectively.

Looking at the regression where both the share and the log dividend price ratio
enter linearly the estimated coefficient on s, is significant at all horizons. For instance,
for the one quarter predictability regression the estimated value of the coefficient is
B (1) = —.467, whereas the 90% confidence interval is given by [—.416,.365]. Once

again, the dividend price ratio is never significant at this level of statistical significance.

The results are even stronger when the sample is restricted to the period 1948-1999
(see Table II-B).'®> The estimated coefficients for the univariate regression with s,, are all
significant at the 10% level with the exception of the one year ahead regression, which is,
in any case, extremely close to the cut-off value. All of them are statistically significant
in the regression where the dividend price ratio enters linearly.

Overall, this section confirms from a statistical point of view that the predictive
regression results obtained in section 4.2 are unlikely to be spurious, and it lends further
credence to the hypothesis of an economic relation linking returns on the aggregate

market portfolio and the share of labor income to consumption.

6 Conclusion

We propose a simple general equilibrium model to show that changes in expected returns
may be generated by changes in the relative importance of various sources of income.

In our model, total income is funded by dividends and labor income that grow stochas-

15The table of the simulated distribution for the sample period 1948-1999 is extremely close to Table

X when the simulation are done with eight observations less. We do not report it for brevity.
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tically over time. We show that equilibrium expected returns change as the fraction of
total income funded by labor income fluctuates over time, because the latter affect the
conditional covariance between equilibrium returns and consumption growth. We then
obtain a new and simple testable implication, namely, that the ratio of labor income
to consumption should help predicts stock returns. This is strongly confirmed in the
data. The regression of stock returns on lagged values of this ratio produces statistically
significant coefficients and adjusted R? that are larger than those generated when using
the dividend price ratio as a single explanatory variable. Notice that differently from the
dividend price ratio, our variable is a pure macroeconomic variable that is constructed
with no reference to financial variables and it is in this sense that we provide a powerful
test of our theory.

We derive and test a version of the conditional CAPM and the conditional con-
sumption CAPM, where the variable we use to condition is the aforementioned ratio.
Tests are conducted on the justly celebrated 25 Fama-French portfolios. For both the
CAPM and the CCAPM we indeed find that when we use our labor-income to consump-
tion ratio as conditioning variable, the fit in the cross section of returns is substantially
improved when compared to the unconditional version of the models. We interpret this
finding as lending additional support to our conditioning variable.

In addition to the previous tests on the time series and cross section predictability,
we also provide a direct test of the main mechanism that produces changes in expected
returns in our model, namely, that the covariance between returns and consumption
growth should be predicted by the ratio of labor income to total consumption. We find
a strong support also for this relationship in the data and notice that the covariance
between returns and consumption growth increased steadily from the beginning of the
80’s.

In conclusion, we find a substantial support for the economic model proposed in
this paper, that is, that the time variation in the relative importance of the various

sources of income have an important effect on the required expected return. We should
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point out that our model is also fully consistent with a recent body of literature docu-
menting that cyclical variation in the consumption to wealth ratio affect future expected
returns. Although our model is casted in the log-utility case for simplicity, which implies
a constant consumption to wealth ratio, the same results of this paper can be obtained
with higher degrees of risk aversions as shown in the appendix. In this case, one can
show that the consumption to wealth ratio is a non-linear but decreasing function of
the labor income to consumption ratio. Hence, this model predicts that the consump-
tion to wealth ratio should also be a predictor of future returns, a finding that is well

documented in Lettau and Ludvigson (2000a).
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Appendix

Existence of the share process

To prove the existence of the share process we introduce some extra notation that will
also be needed to prove some claims about stock prices and stock returns. Consider n shares

81, ..., 8p such that "7 ; s; = 1. Suppose they jointly follow the process

ds; = [sA];dt+ s;o;(s)dB (49)

= Z Sj)\ji dt + s;o; (8) dB

j=1
forall 2 =1,2,...,n where A is a n X n matrix given by
— Zj?ﬂ )\1]' A1 . An
)\21 — . )\2' .- )\2
A= ‘ 2722 o (50)
Ani An2 e Zj;én )\nj

and o;(s) is a 1 x n vector given by

oi(s) =v; — Zsjyj (51)

We prove here that a solution to the system (49) exists and that for all ¢, we have

S; (t) > 0

S(t)i =1
1

n
1=
Specialization to n = 2 covers the case discussed in the theory section of the paper.

To prove the claim above we can appeal to an analogous result on optimal filtering
obtained by Liptser and Shyriaev (1977) where the s;(¢) are interpreted as the probability that

an unobserved variable z() is in state z; at time ¢. Specifically, let a n x 1 dimensional state

variable z(t) follow a continuous time, regime shift model with infinitesimal transition matrix
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A and state i being given by z; (an n x 1 vector). Let the observation process be a n vector
X (t) following the process
dX = z(t) + £dB*

where ¥ is n x n. Also, let

si(t) = Pr (2(t) = 2i] (X(7))y—0)

then a simple extension to the multivariate case of Theorem 9.1, page 333, in Liptser and

Shyriaev (1977) shows that

ds; = [sA];dt + s; | zi — Z $;2j (EZ')_% dB
j=1

where
dB = (/)% {dX — E, (dX)}

is a multidimensional Wiener process with respect to the filtration generated by (X (T))tTZO.

Defining

_1
2

v =z x (BY)

we obtain the system (49). Existence of a unique solution and the other properties are proved in
the above set-up in Theorem 9.1, page 333, and Lemma 9.3, page 342 in Liptser and Shiryayev
(1977). In our model, we only use the structure of the process (49) and not the original
interpretation.

Proof of propositions 1

In this appendix we prove that a linear pricing function obtains for both the case where
investors have log-utility and the case where they have the iso-elastic utility function
Ccl=

— o9t
U(C,t)=e T

Specifically, we prove the following:

Proposition A1 Let either of the following assumptions hold:

1. Investors have log-utility: U(t,C) = e~ log (C).
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2. Investors have power wutility (v # 1) but consumption growth is ., = T, + Swbw +
(1 — sw)Op, where T, is constant and 60, and Op are two constant satisfying O, =

vol, + 6p;

Then the stock market price is
P = Bojw + Bos D

where the coefficients B;j are the ij elements of the matriz B given by
B=(g1-N)""

in case (a); and
B=(0-n)

with © = diag <§w,§D) with 0; = ¢+ (v —1) (T + 6;) — iv(y=1)02 in case (b),

respectively.

To prove this proposition it is convenient to work with the general set of processes (49),
that with the specification
ds; = [sA]; dt + s;04 (s) dB (52)

with

n

oi(s)=[vi— Zsj-yj

j=1
where in this paper we have n = 2. In this case, we see immediately that taking s; = s, and

sg = (1 — sy) we have

dsy = (Sw(—=A2)+ (1 — sw) A1) dt + sy (V1 — Sw1 — (1 — Sy) v2) dB
A21
= (A A — Sy | dt+ 5, (1 — sy, — dB
(A2 + Aa1) <)\12+)\21 s ) + 8w (1 — sy) (V1 — 1v2)
By defining
_ A21
12+ A21; 8 g + Mor V=V] —UV2
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we obtain the stochastic differential equation (5). It turns out that it is simpler to use the
system of SDEs (52) rather than the single SDE (5). Of course, the approaches are identical. In
this case, however, we must reformulate the assumption about the growth rate of consumption.

Specifically, we assume
2
e =T+ Y sii
i=1

where 0; = v;0%,. We see that this is the same assumption above in proposition A1(b), because
we have

01 — 05 = (v1 — vo) 0l = o,

as it was assumed.

The proof of these results rely strongly on the following lemma (which holds for any n).
Lemma A2: For all i = 1,..,n, let j, = i, + Y5 si0;, 0; = ¢ — BT, +0;) —
%6 (B—1)0% and 0= diag (/9\1, ,/9\”) Then

B[] = 3 COPst) D w0

where w; are the eigenvalues of N = (A’ + oI — @) and w;; are associated eigenvectors and

Xi(t) = O(t)si(t) (53)

Apply Ito’s lemma to find let

dX; = pCP1ls;dC + %5(6 —1)CP 2s;dC? (54)
+CPds; + BCP~1ds;dC (55)

= BCP1s;Cudt + FCP~1s;CocdWV (56)
£56(8 - 1) 0P 25,0 (57)

+CP [sA], dt + CPsio; (s) AW + BCPVsi04(s)0l.C (58)

= {fmuc + %ﬁ (B —1) X;02 + [XA], + 6X,»(Ti(s)(7'c} dt (59)
+Xi{Boc+oi(s)} dW (60)
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This stochastic differential equation is non-linear in the drift, due to the covariance term
BXioi(s)ol = BX; (0,' — >0 svﬁj). However, since we assumed g, = fi, + D7 805, we

then obtain
dX; = {ﬁXzﬁc -+ %6 (ﬁ — 1) XiO'g -+ [XA]Z -+ ﬁXZQZ} dt

+X;{Boc+ oi(s)} dW

[X (A+ oL — @)Ldt+X,» (Boe +o4(s)}dW

Defining A = <A + ol — @) and 0;(s) = fo. + 0i(s) we can rewrite

Using the vector notation, with X = (X, ..., Xp,) as a 1 X n vector, we can rewrite this in its

integral form as

X (u /X Ad7'+/ X ()5 (s(r))dW (r) (61)

which is identical to (66). Notice that also that for all i, X;(¢) < C;(t), hence all the integral
below exist as long as the expected present value of future consumption can be computed (in
particular, as in the proof of proposition 1, we can apply Fubini Theorem and hence invert the

integrals). Using the same steps, we then obtain

Xi(w) = B(X(u)|X() =ZZ wi! X (1) wiges 0

j=1 k=1
— i (u—t)
- Yox ngk wige
k=0
. +/ . : - -
where w; are the eigenvalues of A and w;; are associated eigenvectors and wij1 = W1

This concludes the proof of Lemma A2.1

Proof of Proposition Al: (a) For the case of logarithmic utility, we can solve for

prices using the usual pricing equation

Pl) = E [ /t.m%D(u)du (62)
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") { /t et CW (o)) du] (63)

C(u)
= .Ooe_d’(“_t)s w)du
C’(t)Et. [ /t p(u)d ] (64)
) /t =0 B, (s p(u)] du (65)

where the last equality stems from Fubini’s theorem, whose assumptions are satisfied because
the process sp(u) € [0,1] for all u (and hence all the integrals exist). We solve this expectations
under the general assumption that there is a vector of shares s (t) = (s1(t),s2(t)) following
the general process (52).

Notice that the assumptions made on the process s allow us to obtain Ey [s(u)] in closed

form. Indeed, we can rewrite in vector form

s(u) = s(t) + /tu s(T)Adt + /t“ s(1)2(s(7))dB(T) (66)

where ¥(s(7)) is some (bounded) n x n function of s(7). Let s(u) = E} (s(u)). Since X(s) is
bounded,
E, [ /t s(T)z(s(T)mW(T)] —0

Hence, taking expectations on both sides with respect to time ¢ we obtain

s(u) = s(t) + /t“ s(T)Adt

or
ds
=2 _3A
dr y

This is a linear system of differential equations with initial condition $(0) = s(¢). If A’ admits

real and distinct eigenvalues, its general solution is then given by
2
:SVZ' (u) = Z kjwije“’f (u—t)
j=1

where w; are the eigenvalues of A’ and w;; are associated eigenvectors. From the initial con-

dition s(0) = s(¢) we obtain that s(t) = W x k where W = [wq, ..,wy] is the matrix whose

columns are the eigenvectors of A’. Hence, k = W ! x s(t)or

i =) wiis (t)
k
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which implies

1 _ m—11..
where w;;~ = [W™];;. Hence,

j=1
2
_ N -1 1
= Zsk(t) ijk wwd) " (67)
k=1 j=1 J
Hence for i = 1,2 and k=1,2
2 _
Wij Wy,
sz = k
Notice that if we define the square matrix
B=(Ip-N)"

then
By =e; (Ip—N) "¢,

In fact, notice that
B (I(b — A') =1

BW({Ip—- QW1 =1
where  is the diagonal matrix with the eigenvalues w; of A’ on the principal diagonal. Hence:

B=WIp—Q) 'w!
where of course D = (I¢p — Q)" is diagonal. Therefore, the ik element of B can be written as

B = Z Zwiijngkl
j L

-1
wijwjk

2
- ;qﬁ—wj
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(b): Consider again the usual pricing equation

P) = B [/tm%D(u)du}

/t S <%) 7 (sa(w)Cw) du]

= C(t)E; { / h e_¢(“_t)0(u)1_752(u)du]

Jt

- E

where ¢ = 2 is the index defining the share g, that is so = sp.

From (53) making =1 — v and using Lemma A2:

Pt = CU)VE { /.Ooe(p(“t)C(u)l'ysQ(u)du]

t

2 0o
= O _C)"si(t) Y wwy / e~ (0=wi)(u=t gy (68)
k=1 j=1 S
2 2 1
= C(t)Zsk(t) Zw]kw2j¢_w (69)
k=1 Jj=1
2 2 1
= Y CWset) [ > witwy ram (70)
k=1 Jj=1
2 2 1
= ZDk(t) Zw;klw% (71)
k=1 5=0 ¢

We finally prove that

2
_ 1 ~ -1 —
2wz | = Bu=e (6-8) a=e (oK) e
=1 i
By definition A = (A + oI — @) and hence N’ = (A’ + oI — (:j) As before, notice that
B (¢I _ K’) -1
BW(I-QW ! =1
where 2 is the diagonal matrix with the eigenvalues w; of A’ on the principal diagonal. Hence:
B=W(Ip—Q) 'w!
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where of course D = (Ip — Q)" is diagonal. Therefore, the ik element of B can be written as

w”wﬂC

(55 YIRS
7 1 0% g ¢ wj

This concludes the proof. B

Since the assumptions about the growth rate of consumption are difficult to interpret
(although in the calibration they have a minor role: p,. turns out to be almost constat) we
can obtain an approximate similar result by assuming a constant growth rate of consumption
and that approximately sy, (1 — Sy) VoL, & Sy (1 — 5y) vo,,. In this case, we have the following
proposition:

Proposition A2: Let v # 1 and p, = 1t be a constant. Define

Bo = 6+ 51(1- 20k + (7 4+7) (7~ )
T = ¢+ 5u(1l- ok +@-7) (- 1)

with & = 5, (1 —=5y)vo’, © = diag (Ew,ED) and where 5, is the (long term) stationary

distribution of the process s, (t). The price of the asset is approximately given by
P, = Boyw + BaaD
where the coefficients B;; are the ij elements of the matrix B given by

—@1-A)""

Proof of Proposition A2: This is almost identical to the proof of proposition 1, part

(b): from (59)-(??) we see that the stochastic differential equation for X; is non-linear in
the drift, due to the covariance term (1 —v)X;0;(s)oy. Notice that o;(s)or, = 0; — >, s;0; is
bounded above and below by +/—max(#)—min(f). In addition, in the long run expected value
of o;(s)ol, is just 0; — >, s¥0; where s* = (s}, ..., s);) is the stationary distribution. We make

then the following approximation:
(1= y)Xioi(s)oe = (1 — 7)Xioi(s™)or
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which is constant. So, let

A = A+ ¢I — diag (9) (72)

where 8; = ¢ + 37(1 — )02 + (F, — 03(s*)o%) (y — 1). As in the proof of Lemma A2, we can
write:

and hence the same steps lead to

2
P = Z ijkw”d) o
k=1

. +/ . . - -
where wj; are the eigenvalues of A and wj;; are associated eigenvectors and wij1 = [W1];;. As

before, we have
2 1 1 —1
- ray - v
ijklwijﬁ =Bir=¢0-N) e =¢ <¢I—A ) er
=1 j
where A is defined in (72). This concludes the proof. B

Proof of proposition 2: We start with point (b). The riskless rate must satisfy

rdt = —Et |:d—m:|

m

where m(t) = Ued(t,C) = e ?*C~7 is the pricing kernel. An application of Ito’s lemma yields
the result

1
r=¢+ . +z7(y+1)o

2
(a) This proof holds for both the log utility and the iso-elastic case. In the case of log utility
just set v = 1. Rewrite the price as

2
pP= CZSZ'B%

i=1

From Ito’s lemma we have

2 2 2
dP = dC x ZSiBQi + C x ZBQidSi + ZBQZdSZdC
i=1 i=1 i=1
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2 2 2 2 2
= ,LLCCZ s;Bo;dt + C Z siBy,o.dB + C ZBQi [SA]Z dt+C Z Bos; | v; — Z S5V dB
i=1 i=1 i=1 i=1 j=1
2 2
+C Z Boy;s; V,'(rg — Z Sjl/jO',C dt
i=1 =1

2 2
> 71 Boi[sA]; N > im1 Baisi (VZUIC -3 SjVjOJC)

= P e + dt
© Y siBy S 8By
71 Baisi (Vz' - Sﬂ/j) .
+P | o+ B
’ 7y siBoi
Hence, since
dP D
dR = ?"!‘th—Tdt

we have

2 . N2 o
g (sw) = po+ > 12:1 Bo; [sA]; N > i1 Baisi (Vﬂc Zj:l SJVJUc)
w - c

Z?=1 $; Bai Z?Zl 8;B2;
1 1
t——— ==+ sy (Y + 1) oF
SIS ¢ = e+ 57 (v +1)og
Notice also that from
B (¢I - K’) _1
we have
BO - BN =1
or
BN =BO —1

Hence, since

Z By [sA], = Z By; Z SkAki = Z Sk Z BoiM\ii

k
= Z speaBN e, = Z skegB@ek -1
k k
= Z sk By, — 1
k

o1



From the definition of 8 = ¢ + (v — 1) (Tl + 0x) — 37 (v — 1) 02 we notice that if v = 1 we
then have 0, = ¢ for all k. Hence, indeed we find that >, Bo; [sA]; = ¢, sgBar — 1. This

yields immediately

2 ’ 2 /
> im1 Baisi (Vz’Uc =D =1 SjVch)
2
Zizl 8; B

pr(s) = oi+

= Cov (dC/C,dR)
If v # 1, we still have

-~ 1
> sk Bl = <¢> +(Or=Dh—35700-1) 03) > skBop+ (v —1)) sk Boxbs

k k k

Hence, recalling the assumption in this case that p, =7, + 212:1 s;0; with 0; = v;0!, we obtain

2 2
> 7| Bai[sA; N > i1 Baisi (Vm’c -y Sjngé)
> siBai S22 5:Bai

—¢+%7(7+1)0

pg(sw) = (1—7)p +

1
_l_—
Z?:l 8i B2
2
>k SkBorbr
= (1-7)) sibi+y0o+(y—1)=——"=
; o ‘ Sr . siBai

Boisiv;o
+Zzl iSili0 _ZSJVJ
Zz 152321

/ 2 /
27 Buis (wac — Y sv0t)
2
> i1 SiB2i

= y|oi+
= ~Cov (dC/C,dR)
where we used again the assumption that 6; = v;0”,. B

Next lemma will be useful in proposition 4.

Lemma A3: Assume p, = i + Z?:o s;j0;. Then the real price of long term bond is

given by
n
B(t,T) = ZSkABk (7')

k=1
where

n n

=€ ZZw;,fwijew T
i=0 j=0
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Proof of Lemma A3: The real bond price at time ¢ for delivery of a unit of consump-

tion good at time t 4+ 7 must satisfy

Uc(t+7)]
Ue (1) } o

B(t,7) = E; [ e 9TE, C(t+T1)77]

Notice that we always have

CW =) st)CH”

=0
becase Y I si (t) = 1. Hence, we can evaluate the expectation by using the result in Lemma

A2 by setting 3 = —~. That is
Elsit+n)Ct+7)7"]=> st ()C ()77 wylwie™”
k=1 j=

where w;; and w; are the eigenvectors and eigenvalues of the matrix N = (A’ + oI — @) with

(3 = —~. Hence

E[Ct+1)7] = ZE} [si(t+T)C(t+71)7"]

i=0
n n
- COTE w0 gl
i=0 k=0
Hence
n n
B(t,7) = 67¢T228k ngkw”e iT
i=1 k=1
n
= Zsk ) Apg (T
k=1
where

n n
App =e 7 g g w;klwijeij

i=1 j=1
This concludes the proof of Lemma A3. B

Proof of Proposition 3: We start by computing the expected future price. We know
that P (t) = Bojw (t) + BaaD (t). Hence,

E. [P (t+7)] Bo1Ey [w (t 4 7)) + B Ey [D (t + 7))

= BQ1Et[81(t+T)C(t+T)]+322Et[82(t+7)0(t+7)]

93



We can now use the results from Lemma A2 with 8 =1 to obtain

2 2
Eylsi () C(w)] = Y s (t)C ()Y wylwijest
k=1 j=1

2 2
= w(t) Z w;llwijewj (=) L p (t) Z wﬁlwijewj (u—t)
Jj=1 j=1

where w;; and w; are the eigenvectors and eigenvalues of the matrix N = (A’ + oI — @), with

(3 = 1. Hence,

E/[P(t+7)] = BaEi[si(t+7)C(t+7)|+ BaFEi[s2(t+7)C(t+7)]
2 2
= By w(t) ij_llwljewﬂ + D (t) ij_;wljewﬂ
=0 =0
2 2
+Bss ¢ w(t) Z wﬁlngewﬂ + D (t) Z wjfglngewﬂ
=0 =0
= w(t)Api (1) + D (t) Apa (T)

where
2 2
-1 W T -1 W;T
Ap1 (1) = Bo E w;y wyje + Bao E Wy wajet
Jj=0 Jj=0
2 2
E —1 w5 T E -1 W;T
Apo (T) = Bo W;o W€ " 4+ Boo Wg Waj€ J
Jj=0 Jj=0

Similarly, we obtain the result for the expected future dividend
t+1 - t+71 b
E; |:/ ef:+ 'r‘(u)duD(S)dS:| — / E,; [ef:+ 'r‘(’u)dus2 (S)C(S) ds
Jt Jt

This is difficult to evaluate due to the stochastic nature of the interest rate when i, is stochastic
as in proposition Al (b). If v =1 and g, is a constant, then r is also a constant and we won’t
have any troubles. When p. = 7, + 212:1 s;0i, then the interest rate is stochastic. However,
even in this case the interest rate is almost constant. We then solve the expectation under
the assumption that r (u) =T so that J:—H— r(u)du =T (t + 7 — s). Notice that this this holds

for proposition 3 (log-utility) and proposition A2. We can take the interest rate out of the
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expectation and then use the results of Lemma A2 to find

2
Eyls;(w)C(w)] = Y sx(t)C ijszﬂ e

k=1

= Zw wa; i (U t)+D Zwﬂnge i(u—t)
j=1

where w;; and w; are the eigenvectors and eigenvalues of the matrix A = <A’ + ¢l — @), with

(3 = 1. Hence,

t+T i+
E; [/ AT D (u) du] = / TN By (55 (u) C ()] du
t t

2 t+1
= w(t)z JlleJ/t er(t+7—u)ewj(u—t)du

Jj=1

2 t+1
+D (t) Z ;211023' / e?‘(t—i—rfu) Wi (“’t)du
ot Jt

2 t+7 _
_ w(t)z J11w2]/t e'r‘Te(Uij'f‘)(uft)du

j:1

t+7
t) w._lwg-/ e TeWi T (u=t) gy,

_ e(wj )T _ 1

- eI TTT
= Zwal woe — o+ Zwﬂ e
= w(t)ADl(T) ()ADQ()

Hence, we finally have

) P(t+7)+ [[TT&EHT=9)D (u) du 1
Btt+7) = P B
= 5 B w0+ B () DO} - 57—
_ Bp(mw(t)+Bpa(T)D(t) 1
- Bojw (f) + Boo D (t) B ( )
_ Bri(n)sw () +Bpa (1) (1 —suw(t) 1
- Ba15y (t) + Baa (1 — 84 (1)) SwAp1 (T) + (1 — sw) A2 (T)
where

Bpi(T):Api(T)-i-ADi(T)
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By defining Bp (1) = Bp1 (7) — Bpz (1) the proof is completed. W

Proof of Proposition 4: This proof is analogous to the proof of proposition 3. The

only difference is that B is now B, = Bi1 — Bia.
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mean (quarterly)

TABLE I

Summary Statistics: 1946:01 - 1999:04

st.dev. (quarterly)

1st. Autcorrelation (G OLS

Dickey Fuller

Returns 0.0172 0.0798 0.0442 0.024 -
log(D/P) —3.36 0.34 0.9746 0.9987 —.2819
w/C 0.8307 0.0374 0.9753 0.9876 —2.674
Correlation Matrix
Returns log(D/P) w/C
Returns 1 - -
log(D/P) —0.1271 1 .
w/C —0.1338 0.4306 1

Summary statistics of time series data. The last two columns report the

value of the regression coefficient of an OLS regression on own lagged vari-

able.

hypothesis at 1%, 5% and 10% level is for statistics below —13.6, —8.0 and

—5.7, respectively.

o7

The Dickey-Fuller statistic is also reported. Rejection of unit-root



TABLE II A

Forecasting Future Returns

Sample: 1946:01 - 1999:04

Forecasting Horizon

K 1 4 8 12 16
w/C 0.308  -1.121  -2275  -3.588  -4.902
t-stat. (—2.140) (—2.407) (—3.029) (—3.721) (—4.028)
(adj) R 0.016 0.061 0.143 0.250 0.346
log(D/P) 0.022 0.105 0.213 0.338 0.475
t-stat. (1.394)  (1.648)  (1.445)  (1.590)  (1.840)
(adj) R2 0.003 0.039 0.084 0.142 0.207
w/C 0467  -1.660  -2.995  -4.237  -5.315
t-stat. (—2.955) (—2.960) (—3.525) (—4.371) (—4.733)
log(D/P) 0.043 0.173 0.312 0.435 0.538
t-stadt. (2.800)  (3.008)  (3.150)  (3.931)  (4.229)
(adj) R 0.038 0.162 0.317 0.484 0.613
w/C x log(D/P)  0.059 0.243 0.456 0.654 0.826
t-stat. (2.992)  (3.083)  (3.358)  (4.769)  (6.221)
(adj) R2 0.028 0.134 0.264 0.398 0.509

The table shows the result of the predictive regression

Teorx =+ B (k)X + ey

where x; = w;/Cy; or log (D, / P;) , or both; where K is the numbers of quarter

ahead and r; ;4 k is the cumulative log excess return over K quarters. Number

in parenthesis show Newey-West adjusted t-statistics. The sample is 1946:01-
1999:04.
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TABLE II B

Forecasting Future Returns

Sample: 1948:01 - 1999:04

Forecasting Horizon

K 1 4 8 12 16
w/C 0.342  -1.211  -2493  -3.761  -4.920
t-stat. (—2.315) (—2.548) (—3.289) (—3.674) (—3.761)
(adj) R 0.020 0.071 0.165 0.266 0.334
log(D/P) 0.023 0.109 0.223 0.333 0.456
t-stat. (1.425)  (1.689)  (1.486)  (1.550)  (1.736)
(adj) R 0.004 0.042 0.091 0.137 0.190
w/C 0552  -1.918  -3485  -4.674  -5.598
t-stat. (—3.315) (—3.381) (—4.500) (—4.916) (—4.780)
log(D/P) 0.050 0.198 0.359 0.469 0.557
t-stat. (3.113)  (3.484)  (4.077)  (4.676)  (4.737)
(adj) R 0.051 0.196 0.385 0.529 0.617
w/C x log(D/P)  0.065 0.266 0.503 0.685 0.834
t-stat. (3.130)  (3.303)  (3.744)  (4.844)  (6.063)
(adj) R 0.034 0.153 0.303 0.416 0.496

The table shows the result of the predictive regression

Teorx =+ B (k)X + ey

where x; = w;/C}; or log (D;/FP;), or both; where K is the numbers of quarter ahead

and 7,1k is the cumulative log excess return over K quarters. Number in parenthesis

show Newey-West adjusted t-statistics. The sample is 1948:01-1999:04.

99



TABLE III

Forecasting Future Returns

Sample: 1952:01 - 1994:04

Forecasting Horizon

K 1 4 8 12 16
w/C 0297  -1.037  -2124  -3.131  -4.291
t-stat. (—1.425) (—1.459) (—1.979) (—2.300) (—2.610)
(adj) R 0.007 0.030 0.081 0.145 0.226
log(D/P) 0.085 0.347 0.597 0.730 0.779
t-stadt. (3.055)  (3.779)  (3.507)  (3.458)  (3.577)
(adj) R2 0.043 0.188 0.330 0.404 0.414
w/C 0430  -1428  -2456  -3.243  -4.128
t-stat. (—2.143) (—2.264) (—3.459) (—4.260) (—4.122)
log(D/P) 0.098 0.377 0.624 0.740 0.763
t-stadt. (3.496)  (4.221)  (4.539)  (4.532)  (5.014)
(adj) R 0.063 0.251 0.443 0.564 0.627
w/C x log(D/P)  0.116 0.438 0.733 0.888 0.966
t-stat. (3.836)  (4.108)  (5.111)  (6.007)  (7.202)
(adj) R2 0.067 0.255 0.451 0.566 0.616

The table shows the result of the predictive regression

T =+ f3 (k)x¢ + etii

where x; = w;/Cy; or log (D, / P;) , or both; where K is the numbers of quarter

ahead and r; ;4 k is the cumulative log excess return over K quarters. Number

in parenthesis show Newey-West adjusted t-statistics.
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TABLE IV

Forecasting Future Returns

Sample: 1952:01 - 1999:04

Forecasting Horizon

K 1 4 8 12 16
w/C 0.345  -1.218  -2.370  -3.542  -4.687
t-stat. (—2.324) (=2.575) (—3.170) (—3.595) (—3.809)
(adj) R 0.021 0.074 0.160 0.259 0.354
log(D/P) 0.016 0.086 0.177 0.251 0.310
t-stat. (0.823)  (1.117)  (0.943)  (0.894)  (0.935)
(adj) R 0.002  0.018 0.042 0.056 0.066
w/C 0.621 2175  -3.754  -4.887  -5.786
t-stat. (—3.463) (—3.433) (—4.300) (—4.720) (—4.748)
log(D/P) 0.061 0.238 0.419 0.522 0.559
t-stat. (2.856)  (3.059)  (3.263)  (3.475)  (3.689)
(adj) R 0.050 0.196 0.365 0.486 0.565
w/C x log(D/P)  0.074 0.309 0.578 0.758 0.862
t-stat. (2.683)  (2.799)  (3.093)  (3.803)  (4.637)
(adj) R 0.029 0.140 0.275 0.359 0.399

The table shows the result of the predictive regression

Teorx =+ B (k)X + ey

where x; = w;/Cy; or log (D, / P;) , or both; where K is the numbers of quarter

ahead and r; ;4 k is the cumulative log excess return over K quarters. Number

in parenthesis show Newey-West adjusted t-statistics.
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TABLE V

CAPM Fama-MacBeth Regressions

CONST Ry Su Sw X Ry 8y X Aln(w) s, X Ry, R? [Adj R?]
1 2.63 —.379 1%
t-stat.  (2.73)  (—.31) [—3%]
2 5.455 —3.677  4.506 39%
t-stat.  (4.12) (—2.47) (2.8) [33%]
3 3429  —1.235 314 22%
t-stat  (3.38)  (—1.01) (3.15) [14%]
4 5541  —3.730  3.877 199 46%
t-stat  (4.14) (—2.49) (2.56)  (2.65) [38%)]
5 5.307  -3.445  3.033 0.258 -0.406 48%
t-stat  (4.07) (—=2.35) (2.05)  (3.087) (—1.57) [37%)
6 5.244  -3.538  3.817 0.201 -0.586 53%
t-stat  (4.011) (—2.39) (2.511) (2.665) (—3.421) [43%)]

This table presents estimates of cross-sectional Fama-MacBeth Regressions
using the 25 Fama-French portfolios. R, is the excess returns of the value
weighted market portfolio, s, is the ratio of labor income to consumption,

Sw X Ry denotes the residual of a regression of scaled excess return on excess
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return themselves, R, denotes our measure of human capital excess return
and Aln (w) denotes real labor-income growth. R? denotes the unadjusted

R-square.
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TABLE VI

CCAPM Fama-MacBeth Regressions

CONST Ac Su sw X Ac  R? [Adj R?]
1 1.475 0.2042 5.21%
(1.968) (.667) [1%)]
2 2.623 -.0699 2.0238 12.2%
(3.372)  (—0.289) (1.763) [4%]
3  1.7073 .5935 —.0189 25.42%
(2.224)  (2.1524) (—2.337)  [18.64%]
4 3.4108 .2706 2.9816 —.0225 39.4%

(3.7867) (1.3542) (2.3316) (—2.5773)  [30.7%]

This table presents estimates of cross-sectional Fama-MacBeth Regressions
using the 25 Fama-French portfolios. Ac denotes consumption growth, s,, is
the share of labor income to consumption, s,, X Ac denotes the residual of
a regression of scaled consumption growth on consumption growth itself. R?

denotes the unadjusted R-square.
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Table VII
Estimates of Bivariate GARCH(1,1) Model

Pll P21 P22 A11 A22 All A22

Estimate 0.0460 0.0008 0.0015 -0.7739  -0.9257  0.2498  -0.2676
t-stat  (3.147) (3.107) (2.8934) (—5.214) (—34.175) (2.391) (—4.9398)

Results of the estimate of Bivariate GARCH(1,1) model

Ry
A Ct

=u+ée

where p is a 2 x 1 vector of constants and &, ~ N (0, H;) with
Ht =C + AHtflA, + AgtflggilA/,

C = PP’ where P is lower triangular and A and A are diagonal matrices.
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Table VIII:

Predicting the Return - Consumption Growth Covariance

Constant ~ w(t —1)/C(t —1) Cov(t-1) (Adj.) R?
1946-1999
Est 2.7751e-004 -2.234e-004 .010
t-stat (1.0794) (-0.7357)
Est 1.1080e-004 -9.5139e-005 0.6537 0.4321
t-stat (1.2553) (-0.8980) (21.5061)
1948 to 1999
Est 5.1440e-004 -4.9770e-004 .1025
t-stat (4.0610) (-3.1708)
Est 1.8707e-004 -1.8389e-004 0.6631 0.5003
t-stat (3.1824) (-2.6930) (10.43)
1952 to 1999
Est 5.2777e-004 -5.1502e-004 1108
t-stat (4.1641) (-3.2824)
Est 1.7223e-004 -1.7031e-004 0.6920 0.5385
t-stat (3.1132) (-2.6308) (12.9816)
1952 to 1994
Est 5.8619e-004 -5.8358e-004 0.0871
t-stat (3.1777) (-2.6281)
Est 1.9702e-004 -1.9946e-004 0.6923 0.5261
t-stat (2.5103) (-2.1904) (12.6387)

Results of the regression COVii1 = a3 + aaSys + asCOV; + €441 where

coV, = [ﬁt] is the fitted covariance between returns and consumption

growth and s,,; = w;/C; is the labor income to consumption ratio.
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TABLE IX

Forecasting Future Returns

Forecasting Horizon

1 4 8 12 16

1946 to 1999
Labor/Disposable  -0.354 -1.694 -3.827 -5.817 -8.051
t-stat. (—1.126) (—1.710) (—2.309) (—2.982) (—3.836)
(adj) R? 0.003 0.040 0.129 0.230 0.360
1952 to 1999
Labor /Disposable  -0.729 -2.898 -5.855 -7.983 -9.261
t-stat. (—1.720) (—-2.307) (—2.903) (—3.188) (—3.133)
(adj) R? 0.013 0.069 0.178 0.263 0.305
1952 to 1994
Labor /Disposable  -0.602 -2.470 -5.220 -7.138 -8.430
t-stat. (—1.386) (—1.941) (—2.596) (—2.918) (—2.872)
(adj) R? 0.007 0.050 0.149 0.241 0.303

The table shows the result of the predictive regression 74 x = a+ 3 (k) Xt + €14k
where x; is labor-income over disposable income; K is the numbers of quarters ahead
and ¢4 is the cumulative log excess return over K quarters. Number in parenthesis

show Newey-West adjusted t-statistics.
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Simulated Distribution of Predictive Regression Coefficients

TABLE X

Percentiles
K T 1% 25% 5% 10%  50%  90% 95% 97.5% 99%
1 Sw -0.486 -0.397 -0.318 -0.241 -0.007 0.225 0.302 0.371 0.473
4 K -1.879 -1.545 -1.237 -0.943 -0.025 0.868 1.172 1.429 1.807
8 K -3.659 -2.942 -2.407 -1.84 -0.048 1.687 2.257 2.76 3.525
12 7 -5.285 -4.284 -3.482 -2.684 -0.071 252 3.348 4.052 5.024
16 K -6.73  -5.502 -4.514 -3.507 -0.112 3.323 4.394 5.317 6.548
1 In (%) -0.01  -0.007 -0.005 -0.003 0.007 0.028 0.039 0.049 0.063
4 K -0.039 -0.028 -0.021 -0.011 0.03 0.11 0.151 0.192 0.239
8 K -0.081 -0.061 -0.041 -0.022 0.059 0.217 0.292 0.37 0.458
12 K -0.13  -0.094 -0.065 -0.034 0.09 0.318 0.425 0.526 0.653
16 K -0.183 -0.133 -0.09 -0.048 0.12 0.417 0.551 0.676 0.82
1 In (%) -0.008 -0.005 -0.002 0.001 0.02 0.055 0.07 0.084 0.1
Sw -0.631 -0.507 -0.416 -0.323 -0.029 0.269 0.365 0.461 0.567
4 K -0.034 -0.02 -0.009 0.006 0.078 0.211 0.261 0.309 0.374
7 -2.339 -1.916 -1.583 -1.255 -0.107 1.034 1.395 1.739 2.182
8 K -0.067 -0.041 -0.017 0.011 0.152 0.396 0.478 0.564 0.662
K -4.332  -3.54 -2.986 -2.365 -0.213 1.966 2.625 3.289 3.922
12 K -0.104 -0.063 -0.027 0.015 0.225 0.555 0.664 0.759 0.876
K -6.097 -5.069 -4.282 -3.339 -0.305 2.786 3.727 4.495 5.521
16 K -0.147 -0.084 -0.038 0.018 0.292 0.697 0.81 0.927 1.051
K -7.521 -6.405 -5.315 -4.208 -0.38 3.501 4.691 5.657 6.801
1 In (%) X Sy -0.024 -0.019 -0.015 -0.009 0.017 0.059 0.076 0.09 0.109
4 K -0.097 -0.075 -0.056 -0.034 0.069 0.228 0.282 0.333 0.391
8 K -0.196 -0.148 -0.109 -0.066 0.138 0.424 0.518 0.605 0.691
12 K -0.283 -0.217 -0.1624¢0.094 0.203 0.595 0.72  0.83 0.948
16 K -0.37  -0.286 -0.209 -0.116 0.267 0.752 0.895 1.023 1.153




The table shows the distribution of predictive regression coefficients obtained from
10,000 simulations of the system vy; = a+u;, x; = a+¢x;_1+v; where for each simulation,
a K period ahead OLS regression is performed. That is, y; (K) = Zfil Yraq 18 regressed
on x; ;. The parameters a, o and ¢ as well as ¥ = E (g, ¢}) with &, = (uy, v;)" are given

by their real sample estimates for each regressor x; as in the table.
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Figure 1: Log Dividend Price Ratio and Labor Income to Consumption

Ratio

0.95 T -2.

0.75r

0.7 I I I I I 5
1940 1950 1960 1970 1980 1990 2000

The time series of the labor income - to - consumption ratio (solid line) and

of the log dividend price ratio (dash-dotted line).
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Figure 2: The Instantaneous Expected Return
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The instantaneous expected excess stock return plotted against the wages-

to-consumption ratio s,, = w/C.
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Figure 3: The Volatility of Returns
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The instantaneous volatility of stock returns plotted against the wages-to-

consumption ratio s,, = w/C.
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X

Figure 4: Long-Term Expected Returns
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Long term expected returns against wages over consumption s,, for instan-

taneous, 1, 2, 3, 4 year horizons. Top lines are for shortest horizon.
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Figure 5: Long-term Return and Log Dividend Price Ratio
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This figure plots the 4 year cumulative return (solid line) lagged by 4 years
and the current log dividend price ratio (dash-dotted line)
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Figure 6: Long-term Return and Labor Income to Consumption Ratio
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This figure plots the 4 year cumulative return (solid line) lagged by 4 years

and the current labor income to consumption ratio (dash-dotted line)
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Figure 7: Fitted versus Average Returns
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These four plots show the realized versus fitted returns on the 25 FF portfolios.
Panel A shows the unconditional CAPM. Panel B shows the conditional CAPM, con-
ditioning by both the share, s,, and the orthogonalized interaction factor, R, X s.
Panel C shows the unconditional CCAPM. Panel D shows the conditional CCAPM,

conditioning by both the share s,,, and the orthogonalized interaction factor, Ac X s,,.
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Figure 8: Covariance between Returns and Consumption Growth
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This figure plots the time series of the covariance between returns and real
consumption growth (dash-dotted line) along with the negative of the wages

to consumption ratio, rescaled to fit the figure.
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Figure 9: Time Series of Macro Economic Ratios
0.9

0.851

0.8

0.75[

0.7

0.65 1 1 1 1 1
1940 1950 1960 1970 1980 1990 2000

Time series of Labor-income to Consumption ratio (solid line) and Labor

income to Disposable income ratio (dash-dotted line).
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